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PREFACE 

TO  THE  SEVENTH  EDITION. 


It  has  been  the  intention  in  the  preparation  of  this,  as  in  former  edi- 
tions of  this  work,  to  give  to  students  and  practitioaers  of  medicine,  first, 
the  knowledge  uecessary  for  the  making  of  autopsies  the  preservation  of 
tisanes  and  their  preparation  for  microscopilc  stndy,  and  to  outline  the 
characters  aud  methods  of  study  of  pathogeuic  micro-organisms ;  ^cond, 
to  consider  the  nature  of  infection  and  immunity ;  to  describe  concisely,' 
with  such  illustrations  as  seem  necessary,  the  lesions  of  the  acute  infec- 
tious diBeasea,  aud,  so  far  aa  they  are  known,  the  micro-oi^nisms  incit- 
iug  them;  the  various  phases  of  degeneration  and  inflammation;  the 
characters  of  tumors;  the  lesions  of  the  general  diseases,  of  poisoning, 
aud  of  violent  deaths;  and,  finally,  to  describe  briefly  the  si>ecial  lesions 
of  different  tissues  and  organs  of  the  body. 

While  the  geueral  aims  of  the  book  have  remained  unchanged,  it 
has  seemed  wise,  in  this  more  than  in  the  earlier  editions,  to  call  atten- 
tion here  and  there  to  the  relationships  of  pathology  to  the  allied  phases 
of  biological  science,  and,  where  it  might  be  done  without  hazard  to  the 
more  urgent  practical  aims  of  the  work,  to  consider  disease  as  an  adap- 
tive process,  and  to  view  pathology  as  one  aspect  of  the  diverse  mani- 
festations of  life  aud  of  energy,  rather  than  as  belonging  to  a  special  and 
exclusively  human  domain. 

Dr.  Delafield  no  longer  shares  in  the  preparation  of  the  work:  so  that 
the  writer,  deprived  of  the  wise  counsel  and  large  experience  of  the 
senior  author,  is  alone  responsible  for  such  alterations  and  additions  as 
have  been  made  in  this  as  in  the  last  revision. 

The  great  and  rapid  accumulation  of  data  in  the  wide  field  which  this 
book  covers  has  made  necessary  the  exclusion  in  large  measure  of  those 
phases  of  clinical  diagnosis  and  practical  bacteriology  which  are  now 
adequately  covered  in  special  treatises. 

The  book  has  been  largely  revised.  The  section  on  immunity  has 
been  entirely  rewritten.  Ehrlich's  "side  chain"  hypothesis  has  been 
set  forth  with  considerable  detail,  as  well  as  the  new  lore  relating  to 
various  phases  of  cytolysis. 

The  references  in  foot-notes  have  been  considerably  increased.  The 
intention  in  these  has  been  in  part  to  indicate  special  studies  or  reviews 
relating  to  the  theme  under  consideration ;  but  more  particularly  to  point 
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out  here  and  there  publications  in  which  a.  fuller  bibliography  may  be 
found  than  is  consistent  with  the  scope  and  limitations  of  this  work. 

The  sections  on  the  blood  which  were  written  for  the  fifth  edition  by 
Professor  James  Swing  have  been  revised  for  this,  as  for  the  last  edition, 
in  such  measure  as  the  growth  of  knowledge  seems  to  require,  by  Prof. 
Francis  C.  Wood.     Prof.  Wood  has  also  written  the  section  on  malaria. 

The  chapter  on  the  nervous  system  has  been  revised  by  Prof.  Fred- 
erick R.  Bailey.  To  Profs.  Wood  and  Bailey,  as  well  as  to  Prof.  Eugene 
Hodeupyl.  Prof.  Philip  Hanson  Hiss,  Jr.,  Dr.  John  H.  Larkin,  Dr. 
Augustus  B,  Wadsworth,  and  Dr.  Charles  Korris,  also  my  colleagues,  I 
am  under  great  obligation  for  aid  and  for  many  helpful  suggestions  io 
various  parts  of  this  revision. 

A  large  number  of  new  illustrations,  both  photographs  and  drawings, 
have  been  added,  to  supplement  or  replace  the  old.  Prof.  Wood  has 
prepared  a  new  colored  plate  illustrating  lesions  of  the  blood. 

I  am  especially  indebted  to  Dr.  Larkin  for  the  use  of  many  of  his  ex- 
cellent preparations,  from  which  new  drawings  and  photographs  have  been 
made,  and  to  Dr.  Freeborn,  some  of  whose  valuable  preparations  of 
lesions  of  the  female  generative  organs  I  have  also  used. 

The  excellence  of  the  many  photographs  which  have  been  reproduced 
in  the  text  is  due  in  this  as  in  former  editions  to  the  skill  of  Dr.  Edward 
Leaming,  to  whom  I  am  much  indebted. 

T.  Mitchell  Prudden. 
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CHAPTER  I. 

THE  METHOD  OF    MAKING   P08T-H0BTEM 

EXAMHTATIOXS. 

General  Considerations. 

The  object  in  makiug  a  post-mortem  esaniiuation  may  be  to  deter- 
mine wliether  a  person  has  died  f  i-om  violence  or  poisoning ;  to  account 
for  a  sudden  death ;  or  to  study  the  lesions  of  disease.  In  any  ease  the 
esainiuatiou  shonid  include  all  the  important  parts  of  the  body,  not 
merely  a  suspected  organ,  and  the  results  should  be  recorded  at  the  time 
the  examiuatiou  is  made. 

Great  care  is  necessarj'  in  endeavoring  to  ascertain  the  cause  of  death 
■when  the  clinical  history  is  imi>erfect  or  unknown.  Mechanical  injuries, 
^.liich  destroy  life  by  abolishing  the  function  of  one  of  the  important 
viscera,  are  relatively  infrequent.  Most  of  the  lesions  found  after  death 
are  rather  the  marks  of  disease  than  tlie  cause  of  death.  We  do  not 
know,  for  example,  how  gresit  a  degree  of  meningitis,  or  of  pneumonia, 
or  of  endocarditis,  or  of  cirrhosis,  or  of  nephritis  necessarily  leads  to 
death.  On  the  contrary,  one  patient  may  recover  with  an  exteiit  of 
lesion  which  is  suMcient  to  destroy  the  life  of  another.  So  with  acci- 
dents; tliere  is  often  no  evident  resison  why  fractui-es  of  the  skull  or  of 
the  pelvis  should  destroy  life,  yet  they  usually  do.  In  some  of  the  in- 
fectious di.seases,  such  as  typhoid  fever,  the  visible  lesions  cannot  always 
be  called  the  canse  of  death.  Sudden  deaths  of  persons  apparently  in 
good  hcidth  are  often  particularly  obscure.  In  many  of  them  we  have 
to  acknowletlge  that  we  can  find  no  sufficient  c^use  for  the  death.  This 
is  of  course  due  to  our  imperfect  knowledge,  but  it  is  much  better  in 
such  cases  to  avow  ignorance  than  to  attribute  the  death  to  some  trifling 
lesion.  The  brain  and  the  heart  are  the  organs  which  art;  especially  cap- 
able of  giving  symptoms  during  life,  without  corrc.'<pouding  lesions  after 
death.  Verj'  well-marked  cardiac  or  cerebral  symptoms  may  continue 
for  days  or  months,  and  apparently  destroy  life,  and  yet  after  death 
we  find  no  corresponding  anatomical  changes.'  But  it  should  l>e  re- 
membered that  recent  advances  in  our  knowledge  of  the  cell,  which  au 
improved  technique  in  hardening  and  i>repardtion  has  greatly  fostered, 
have  already  shown  that  under  various  abnormal  conditions  the  cells, 
esi>ecially  of  the  nervous  system,  may  undergo  morphological  changes  of 
great  significance,  without  perceptible  alteration  in  the  gross  appearance 
'  Set  Suddi^n  Death,  page  48. 
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of  the  affected  part,  changes  which  even  the  microscopical  exaininatioiis 
of  the  past  have  failed  to  disclose.  So  that  while  theie  often  appears  to 
be  a  wide  diacrepauey  between  symptoms  and  lesions,  with  the  increase 
of  knowledge  the  scope  of  this  discrepancy  is  steadily  narrowing.  It  is 
the  novice  in  post-mortem  examinations  who  is  particularly  apt  to  mis- 
take for  lesions  ordinarj' post-mort«m  alterations  or  the  effects  of  em- 
balming processes. 

External  Inspection. 

Before  commeuciug  the  examination  of  the  internal  viscera  an  inspec- 
tion should  be  made  of  the  external  surface  of  the  body.  The  minute- 
ness of  this  inspection  will  depend  upon  the  character  of  the  case.  In 
the  case  of  an  unknown  person,  or  of  one  suspected  to  have  died  from 
unnatural  causes,  it  is  necessary  to  search  for  and  record  not  only  all 
contusions,  wounds,  etc.,  their  size,  situation,  and  condition,  but  also 
deformities  from  disease  and  any  physical  peculiarities  of  hair,  eye^, 
t«eth,  moles,  etc.,  by  which  the  person  may  be  identified.  In  such  cases 
it  is  well,  if  possible,  to  photograph,  weigh,  aud  measure  the  body.  In 
eases  of  doubtful  identity  it  is  sometimes  wise  to  make  a  wax  or  plaster 
cast  of  the  outside  of  the  teeth  aud  jaws.  In  ordinary  examinations  we 
note  the  general  nutritive  condition  of  the  body,  aud  look  for  evidences 
of  external  injurj',  for  skin  diseases,  ulcers,  oedema,  gouty  deposits,  ab- 
scesses, eulai^ed  lymph  nodes,  etc.  The  external  organs  of  geueration 
should  be  searched  for  syphilitic  lesions. 

It  is  well  to  weigh  the  body,  since  the  significance  of  the  weight  of 
the  individual  organs  is  often  closely  dependent  upon  the  relationship 
of  their  weight  to  that  of  the  entire  body. 

Cadaveric  Lividity. — It  is  usual  to  find  certain  changes  in  the  exter- 
nal appearances  of  the  body,  which  are  due  to  the  cessation  of  life  aud 
the  commencement  of  decomposition.  We  speak  now  of  bodies  which 
have  not  t>eeu  buried,  but  which  have  been  kept  in  the  ordinary  way, 
lying  on  the  back,  and  loosely  covered  with  a  shroud  or  dressed  with  the 
ordinary  clothing. 

After  life  becomes  extinct,  and  before  the  blood  coagulates,  it  changes 
its  position  chiefly  in  two  ways:  first,  it  is  driven  by  their  contraction 
out  of  the  arteries  into  the  veins ;  second,  it  settles  in  the  veins  and 
capillaries  of  the  more  dependent  parts  of  the  body,  inducing  usually 
within  a  few  hours  after  death,  a  mottling  of  the  surface  with  irregular 
livid  patches.  These  patches  may  coalesce,  forming  a  uniform  dusky- 
[■ed  color  over  the  back  of  the  trunk,  head,  and  extremities,  and  some- 
times over  the  ears,  face,  and  neck.  The  same  effect  is  observed  on  the 
anterior  aspect  of  the  body  if  it  has  lain  on  the  face.  At  points  of  pres- 
sure, from  folds  in  the  clothing,  or  from  the  weight  of  the  body  on  the 
table,  the  red  color  is  absent  or  less  marked.  These  changes  occur  be- 
fore putrefaction  sets  in.  This  cadaveric  lividity  or  hypostasis  should 
not  be  mistaken  for  ante-mortem  ecchymosis,  from  which  it  may  usually 
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be  readily  distiuguished  by  ita  positiou  and  extent,  by  the  fact  that  the 
surface  of  the  skiu  is  not  elevated,  and  by  the  faet  that  on  iucisiou  no 
blood  is  found  free  iii  the  interstices  of  the  tissues.  Not  infrequently 
the  subcutaneous  tissue  in  the  vicinity  of  these  post-mortem  hypostases 
becomes  infiltrated  with  reddish  serum.  Very  soon  after  death,  particu- 
larly in  warm  weather,  the  tissues  immediately  around  the  subcutaneous 
veins  of  the  neck  and  thorax,  and  in  other  situations,  may  become 
stained  of  a  bluish-red  color  from  the  decomposition  and  escape  from 
the  vessel  of  the  coloring  matter  of  the  blood.  If  the  epidermis  has 
tieeu  detached  at  any  point,  the  skiu  beneath  soon  becomes  dry  and 
brown. 

Putrefactive  Changei. — Usually  in  from  one  to  three  days,  depending 
upon  circumstances,  a  greenish  discoloration  of  the  skin  appears,  at  first 
upon  the  middle  of  the  abdomen,  over  which  it  gradually  spreads,  assum- 
ing a  deeper  hue  and  often  changing  to  a  greenish  purple  or  browu. 
Greenish  patches  may  now  appear  on  different  parts  of  the  body,  earliest 
upon  those  overlying  the  internal  cavities;  this  discoloration  is  probably 
produced  by  the  action  on  the  htemoglobiu  of  gases  developed  by  decom- 
position. The  eyeballs  now  become  flaccid,  and  if  the  eyelids  are  not 
closed  the  conjunctiva  and  cornea  become  brown  and  dry.  The  pressure 
of  gases  developed  by  decomposition  in  the  internal  cavities  not  infre- 
quently forces  a  greater  or  less  quantity  of  frothy,  reddish  flnid  or  mucus 
from  the  mouth  and  nostrils,  disteuds  the  abdomen,  and,  if  excessive, 
may  lead  to  changes  of  positiou  of  the  blood  in  the  vessels,  and  even  a 
moderate  amount  of  displacement  of  the  internal  organs." 

After  a  varying  period,  sometimes  within  five  or  six  days,  the  entire 
surface  of  the  body  may  be  discolored,  green  or  brown.  Then  the  epi- 
dennis  may  become  loosened  by  the  accumulation  of  gases  and  fluids  be- 
neath and  the  tissues  become  flaccid.  The  abdomen  may  be  greatly  dis- 
tended and  the  features  distorted  from  swelling.  The  rapidity  with 
which  these  changes  occur  depends  upon  various  conditions.  Thus  an 
elevated  temperature  and  the  presence  of  air  and  moistnre  hasten  the 
advent  and  prioress  of  putrefaction. 

The  bodies  of  infants  usually  decompoi^  more  rapidly  than  those  of 
adults,  fat  bodies  more  quickly  than  lean  ones.  The  iufections  diseases, 
intemperance,  and  the  puerpeml  condition  promote  rapid  decomposition, 
as  does  also  death  from  sufi'oeating  gases.  Poisoning  by  arsenic,  alco- 
hol, antimony,  sulphuric  acid,  strychnin,  and  chloroform  may  retard  the 
progress  of  decomposition.  Burial  in  dry  soil  and  submersion  in  water 
also  retard  the  progress  of  decay.' 

'  In  cases  with  tlie  early  and  marked  formation  of  gas  in  tlie  tisanes  and  organs. 
Mpccialiy  in  tiie  liver,  tliu  possibility  of  infection  witli  Bacillus  lerogcuea  capsiilatus 
sbould  be  borne  in  mind.    See  p.  267. 

'  For  a  atudv  of  bacteria  In  tiic  hlood  of  the  cadaver  see  OtMeii'jhi  Vierteljalires- 
schrift  f.  gerichtl.  medicln.  Bd.  Iv.,  Suppl. ;  see  also  Bahe»,  "  Les  maladies  Infectieuses 
en  medecfne  lef^le,"  Annalea  d'Hvglfne  Publir|iie,  Marcli,  1899. 

Concerning  tbe  conversion  of  the  iKwiy  into  sdipocere,  see  E<riiig,  Peterson  and 
Haines'  ''Tex^book  of  Legal  Medicine.'  vol.  i..  p.  130. 
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Cooling  of  the  Body. — After  death  the  chemical  ehauges  wpon  which 
the  maiutetiauce  of  the  temperature  depends  rapidly  diiuiuisb,  and  the 
body  gnidually  cools  to  the  temperature  of  th«  surrounding  medium. 
This  usually  oecui-s  in  frani  about  fifteen  to  twenty  hours,  hut  the  time 
required  depends  uiK>n  a  variety  of  conditions,  Iiumediately  afler  death 
there  is,  in  nearly  all  cases,  a  slight  elevation  of  intenuil  tciniwratui'v, 
owing  t«  the  fact  that  the  metabolic  changes  in  the  tissues  still  continue 
for  a  time,  while  the  hlood  ceases  to  be  cooled  by  paiising  through  the 
lungs  and  peripheral  capillaries.  After  deJitb  from  certain  diseai^s — 
yellow  fever,  cholera,  rheumatic  fever,  and  tetanus — a  considerable  ele- 
vation of  internal  temperature  has  been  repeatedly  observed.  The  time 
occupied  by  the  cooling  of  the  body  may  be  prolonged  after  sudden  death 
from  accidents,  acute  disease^  apoplexy,  and  asphysia.  A  nnnilM-r  of 
ca.ses  is  recorded  iu  which  the  body  retained  its  heat  for  several  dajs, 
without  knowu  cause. 

After  death  from  wasting  chronic  disease,  and  in  some  cases  after 
severe  bscmorrhages,  the  cooling  of  the  body  is  very  rapid,  the  internal 
temperature  being  reduced  to  that  of  the  surrounding  air  within  four  or 
five  hours.  Fat  bodies  cool  less  quickly  than  lean  ones,  the  bodies  of 
well -nourished  adults  less  quickly  than  those  of  children  or  old  persons. 
The  temperature  of  the  surrounding  medium,  the  degree  of  protection  of 
the  body  from  currents  of  air,  of  coui-se,  modify  the  progress  of 
cooling;  and  the  internal  organs  naturally  retain  their  heat  longer  than 
the  surface  of  the  body.  The  rate  at  which  cooling  occurs  is  most  rapid, 
as  a  nde,  during  the  hours  immediately  following  death,  notwithstand- 
ing the  post-mortem  rise  which  may  ensue. 

It  will  thus  be  seen  that,  if  required  to  pronounce  upon  the  time 
which  has  elapsed  since  death  in  a  given  case,  we  can  do  so  only  appi-oxi- 
mately.  It  is  necessary  to  take  into  account  all  of  the  al>ove- mentioned 
conditions  which  modify  the  rate  of  cooling  of  the  body,  and  then  we 
may  be  able  to  state  only  the  probabilities  of  the  case.  It  is  furthermore 
unsafe  in  any  case  to  infer  the  cause  of  deiith  from  the  rate  of  cooling  of 
the  body. 

Rigor  HortiB. — Death  is  usually  succeeded  inmiediately  by  a  period  of 
complete  niusculai'  relaxation.  The  jaw  drops  and  the  limbs  become 
flaccid.  Tlie  muscles  may  retain  for  two  or  three  hours,  however,  the 
capacity  of  coutiucting,  on  the  application  of  appropriate  stimuli.  On 
the  average,  within  six  hours  the  muscles  become  finu  and  rigid.  This 
post-mortem  rigidity  is  calh^l  riffor  morliit.  On  the  occurrence  of  the 
rigor  mortis  the  muscles  become  fixed  in  whatever  i>osition  they  may 
have  had  at  the  time  of  its  occurrence.  It  usually  iH'frins  iu  the  muscles 
of  the  eyelids,  exteuds  to  those  of  the  back  of  the  neck  and  lower  jaw, 
then  to  the  face  and  neck,  and  thence  passing  downward  affects  the  mus- 
cles of  the  thor.ix  and  lower  extremities.  It  usually  disappears  in  the 
same  order.  Although  commencing  on  the  average  six  houi^s  after  death, 
it  may  set  in  at  once  or  be  delayed  for  twenty-four  hours  or  more.     It 
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may  pass  off  very  rapidly,  iu  rare  cases  in  from  one  to  three  hours;  or 
it  may  persist  for  two  or  three  weeks  or  louger.  It  may  be  said  iu  gen- 
eral that  the  average  time  of  its  disappearance  is  within  twenty-four  or 
forty-eight  hours  after  its  occurrence,  depending  on  temperature,  its 
intensitj,  the  mode  of  death,  the  period  of  its  adveut,  etc.  Caspar 
states  that  iu  fcetnses  before  terra  he  has  never  ot>servcd  rigidity,  and 
that  in  young  children  it  is  feeble  aud  of  short  duration.  Its  occurrence 
and  phenomena  may  be  in  some  eases  of  the  highest  medico-legal  impor- 
tance ;  but  its  cai-ef nl  observation  does  not,  with  our  present  knowledge 
of  its  significance,  appear  essentially  to  further  the  aims  of  the  practical 
pathologist. ' 

Contuioiu. — It  is  often  important  to  determine  whether  violence  has 
been  inflicted  upon  a  body  before  death.  In  regard  to  this  point,  we 
must  remember,  first,  that  blows  and  falls  of  suflieient  violence  to  frac- 
tnre  bones  and  rupture  the  viscera  may  leave  no  marks  on  the  skin,  even 
though  the  person  has  survived  for  several  days;  and,  second,  that  there 
are  post-mortem  appearances  which  simulate  ante-mortem  bruises.  A 
severe  contusion  during  life  may  present,  at  first,  no  mark  or  only  a 
general  redness.  After  a  short  time  the  injured  part  becomes  swollen 
and  of  a  red  color ;  this  color  may  be  succeeded  by  a  dark  blue,  and  this 
in  turn  fade  into  a  greenish  yellow  or  yellow ;  these  later  appearances 
are  due  to  an  escape  of  blood  from  the  vessels  and  to  a  sutisequent  de- 
composition of  hiemoglobin.  If  therefore  we  cut  into  such  an  ecchy- 
mosis  after  death,  we  find  extravasated  blood  or  the  coloring  matter  of 
the  blood,  in  the  form  of  pigment  granules,  free  in  the  tissues.  Post- 
mortem discolorations,  on  the  other  hand,  although  their  external  ap- 
pearance may  resemble  that  of  ante-mortem  ecchymosia,  are  not  formed 
by  an  extravasation  of  blood,  but  by  a  circumscribed  congestion  of  the 
vessels  or  by  an  escax>e  of  blood-stained  serum.  If  we  cut  into  such  dis- 
colorations,  therefore,  we  find  no  blood  outside  the  vessels.  Care  should 
be  taken  not  to  mistake  the  lesions  of  hfcmorrhagic  infection  for  trau- 
matic ecchymoses. 

Blows  on  the  skin  of  a  body  which  has  been  dead  for  not  more  than 
about  two  hours  may  produce  true  ecchymoses  with  extravasation  of 
blood,  such  as  can  be  distinguished  with  great  difficulty  or  not  at  all 
from  those  formed  during  life.  If  putrefactive  changes  be  present,  the 
difficulty  of  distinguishing  between  ante-mortem  and  post-mortem  bruises 
is  greatly  enhanced. 

Hanging  and  strangnlation  are  attended  with  the  formation  of  marks 
on  the  neck  which  are  described  in  works  on  forensic  medicine.  Tliese 
marks  must  not  be  confounded  with  the  natural  crea-ses  of  the  skin  of 
the  neck.  Many  adults  during  life  have  creases  of  the  skin  of  the  neck, 
one  or  more  in  number,  running  downward  from  the  ear  under  the  chin 
or  encircling  the  neck.     Aftei'  death  these  creases  may  be  much  more 

'  For  further  details  C()DCprninjr  ripor  mortis,  putrefactive  ciiangcs.  partienlHrlv  the 
later  alages.  and  the  plienomena  iif  oixiliiig  of  llic  IhmIv,  see  Tidy,  "Lega!  Slcdiciue." 
vol.  i.,  or  oilier  works  on  inedical  iuris]inidi'ijfe. 
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evident  than  daring  life,  and  may  be  rendered  more  decided  by  the  posi- 
tion of  the  head  and  the  freezing  of  the  body.  They  usually  persist 
until  the  skin  putrefies. 

Wounda. — We  shoald  notice  the  situation,  extent,  and  direction  of  a 
wound,  the  condition  of  its  edges  and  the  surrounding  tissues.  If  it  t>e 
a  deep,  penetrating  wound,  its  course  and  extent  should  be  ascertained  by 
careful  dissection  rather  than  by  the  use  of  a  probe. 

If  the  edges  of  a  wound  be  inflamed  and  sappurating,  or  conuneucing 
to  cicatrize,  it  must  have  been  inflicted  some  time  before  death.  lu  a 
wound  inflicted  a  short  time  before  death,  the  edges  are  usually  everted ; 
there  may  be  more  or  less  extravasation  of  blood  into  the  surrounding 
tissues,  and  the  vessels  contain  coagula;  but  sometimes  none  of  these 
changes  are  observed.  The  chief  characteristics  of  a  wound  inflicted 
after  death  are  absence  of  a  considerable  amount  of  bleeding,  non-re- 
traction of  the  edges,  and  the  absence  of  extravasation  of  blood  into  the 
tissues.  But  a  wound  inflicted  within  two  hours  after  death  may  resem. 
ble  very  closely  one  received  during  life.  In  general,  unless  a  wound  ia 
old  enough  for  its  edges  to  present  inflammatory  changes,  we  must  be 
very  careful  in  asserting  its  ante-mortem  or  post-mortem  character. 

FractnreB. — It  may  be  important  to  determine  whether  a  bone  was 
fractured  before  or  after  death.  This  point  cannot  always  be  decided. 
Fractures  inflicted  during  life  are,  as  a  rule,  attended  with  more  extrava- 
sation of  blood  and  evidences  of  reaction  in  the  surronndtng  tissues;  but 
fractures  produced  within  a  few  hours  after  death  may  resemble  these 
very  closely.  Usually  a  greater  degree  of  force  is  necessary  to  fracture 
bones  iu  the  dead  than  in  the  living  body. 

ScsTB  and  Tattoo  Harks. — The  presence  and  character  of  cicatrices 
should  be  noticed.  Scars  produced  by  any  considerable  loss  of  substance 
may  become  very  much  smaller  and  less  conspicuous,  but  never  entirely 
disappear.  Slight  and  superficial  wounds,  however,  leave  marks  which 
may  not  be  permanent.  The  discoloration  produced  by  tattooing  may, 
although  it  rarely  does,  disappear  during  life. 

Internal  Examination.' 

After  completiflg  the  external  inspection  of  the  body,  we  commence 
the  interual  examination.  In  order  that  this  examination  may  be  made 
both  thoroughly  and  rapidly,  we  should  follow  a  regular  method.  The 
method  should  be  such  as  will  enable  us  to  examine  the  relations  of  parts 
to  one  another,  without  seriously  disturbing  them,  and  to  remove  and 
inspect  the  organs  in  such  an  order  and  manner  as  will  not  interfere  with 
the  examination  of  parts  which  are  to  follow.  In  certain  cases  it  may 
be  necessary  to  depart  from  the  regular  method;  but,  as  a  rule,  the 
following  plan  will  be  found  most  advantageous. 

'  Absolute  and  relative  sizes  and  iveigbts  of  various  pftrta  and  organs  of  the  body, 
and  much  other  valuable  statistical  data,  may  be  fouud  iu  Viemrdl't  "  AnfttomischB, 
Physiologiache  uud  Physikalische  Daten  und  Tabelleu." 
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It  is  important  to  remember  the  differCDce  between  the  distribution 
of  the  blood  in  th«  body  daring  life  aud  after  death.  During  life  the 
blood  is  in  constant  motion  and  is  distributed  in  a  regular  way  in  the 
heart,  capillaries,  arteries,  and  veins.  Inflammations  and  obstructions 
to  the  circulation  may  disturb  this  natural  distribution  aud  produce  con- 
gestion of  particular  paris  of  the  body.  After  death  the  blood  ceases  to 
circulate;  it  leaves  the  left  cavities  of  the  heart,  the  arteries  and  capil- 
laries, and  collects  in  the  veins  and  the  right  cavities  of  the  heart.  Ac- 
cording to  the  character  of  the  disease  which  causes  death,  coagulation 
of  the  blood  takes  place  more  or  less  extensively  and  at  an  earlier  or 
later  period.  The  local  congestions  which  existed  during  life  often  dis- 
appear after  death.  On  the  other  baud,  local  congestions  are  found  after 
death  which  did  not  exist  duriug  life.  Thus,  after  death  the  scalp  often 
contains  a  large  amount  of  venous  blood.  The  veins  of  the  pia  mater 
and  the  sinuses  of  the  dura  mater  may  be  filled  with  blood.  The  mucous 
membrane  of  the  larynx  and  trachea  may  api>ear  to  be  deeply  congested. 
The  lungs  are  congested  if  the  patient  has  been  comatose  for  some  hours 
before  death.  All  the  tissues  of  the  back  and  the  membranes  of  the 
spinal  cord  are  often  gorged  with  venous  blood.  The  right  auricle  and 
ventricle  of  the  heart  may  contain  fluid  or  clotted  blood  in  considerable 
quautity. 

THE  HXAD. 

The  scalp  is  divided  by  an  incision  across  the  vertex,  from  ear  to  ear. 
The  flaps  are  dissected  forward  and  backward,  taking  np  the  temporal 
muscles  with  the  skin  and  leaving  the  pericranium  attached  to  the  bone. 
The  internal  surface  of  the  scalp  and  the  pericranium  are  to  be  searched 
for  ecch>-mo9es  and  inflammatory  lesious. 

A  circular  incision  is  now  made  through  the  cranium  with  a  saw. 
The  incision  should,  in  front>  pass  through  a  poiut  about  three  and  one- 
half  inches  above  the  bridge  of  the  nose;  behind,  through  the  occipital 
protuberance.  Care  should  be  taken  not  to  cut  through  the  dura  mater 
with  the  saw.  When  the  roof  of  the  cranium  is  thus  entirely  loosened, 
a  stout  hook  is  Introduced  under  the  upper  edge  of  the  calvarium,  and 
this  is  wrenched  off  with  a  jerk. 

Sometimes  the  dura  mater  is  so  firmly  adherent  to  the  calvarium  that 
the  latter  cannot  be  torn  from  it  without  injury  to  the  braiu.  In  this 
case,  and  also  if  the  dura  mater  should  have  been  accidentally  cut 
through  by  the  saw  in  making  the  circular  incision,  the  dura  mater  may 
be  cut  through  at  the  level  of  the  cranial  incision,  and  the  brain  removed 
with  the  calvarium  and  separated  afterward.  Or,  which  is  better,  in 
addition  to  the  circular  inci-siou,  a  longitudinal  incision  is  made,  from 
front  to  back,  about  three-quarters  of  an  inch  to  one  side  of  the  median 
line  of  the  skull,  aud  a  s^ment  of  boiie  removed.  The  knife  blade  may 
now  be  inserted  from  the  open  side,  aud  the  dura  cut  away  from  the 
skull-cap  along  the  line  of  the  longitudinal  sinus,  where  the  adhesions  are 
apt  to  be  most  firm. 
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We  shonld  uotice  whether  or  uot  the  calvarium  is  sjinmetrieal.  The 
cranial  bones  increase  in  size  by  a  gi-owth  of  bone  at  the  edges  of  the  su- 
tures. If  any  suture  lieeome  completely  ossified  and  closed  prematui'ely, 
the  Iwues  will  be  unequally  developed.  The  tliickuess  and  density  of 
the  crauial  bones  varj-  considerably  within  the  limits  of  health.  There 
are  often  deep  depre-ssions  on  the  iuner  surface  of  the  skull  along  the 
sagittal  suture,  caused  by  tJie  pressure  of  the  Pacchionian  bodies,  and  of 
no  pathological  significance.  We  shonld  observe  the  blood  content  of 
the  boue,  determiue  the  existence  or  absence  of  fractui-es,  inflammatory 
lesions,  exostoses,  etc. 

The  Ihira  Hater  is  now  exposed.  It  is  more  or  less  adherent  to  the 
calvarium ;  a  moderate  amount  of  adherence,  especially  in  old  persons, 
does  uot  denote  disease.  Very  extensile  and  firm  adhesions  ai*  usually 
produced  by  inflauimatiou.  Kear  the  mediau  line  the  Pacchionian  bodies 
often  project  through  the  dura  mater  and  may  produce  indeutations  in 
the  iulemal  surface  of  the  calvarium.  We  must  look  for  clots  and  for 
tumors  and  for  iuflanimatorj'  lesions  on  the  external  surface  of  the  dura 
mater.  The  longitudinal  sinus  should  he  laid  open  and  its  contents  ex- 
amined. A  circular  incisiou  is  then  made  through  the  dura  mater  in  a 
line  corresponding  to  the  cranial  incision;  the  falx  is  divided  between 
the  anterior  lobes  of  the  brain,  and  the  entire  membrane  drawn  back. 
We  should  observe  the  existence  of  abnormal  adhesions  of  the  dnra  mater 
to  the  pia  mater,  bearing  in  mind  that  a  moderate  amount  of  adhesion 
along  the  longitudinal  fissure  is  nonual.  The  internal  surface  of  the 
dura  mater  is  to  i)e  examined  for  the  products  of  iuflammatiou  and  for 
tumors. 

The  Pift  Hater  covering  the  convex  surface  of  the  brain  is  now  ex- 
pased.  The  degree  of  congestion,  and  the  existence  of  serum,  pus,  or 
blood,  beneath,  within,  or  npon  it,  are  now  to  be  ascertained  before  the 
brain  is  removed.  The  pia  mater  in  old  persons  frequently  loses  its 
transparency  aud  becomes  thick  and  white ;  this  change  is  most  marked 
along  the  longitudinal  fissure  aud  lai^e  vessels.  Marked  and  geneml 
thickening  of  the  pra  mater  is  the  result  of  chronic  inflammation.  Along 
the  longitudinal  fissure,  and  sometimes  at  a  considerable  distance  from  it, 
we  usually  find  small,  ele\'atcd,  whitish  nodules,  which  are  the  Pacchio- 
nian bodies  and  are  normal  in  the  adult. 

The  amount  of  serum  beneath  the  pia  mater  varies.  A  considerable 
amount,  especially  in  cachectic  persons,  may  exist  without  brain  disease. 
Clear  serum,  raising  the  pia  mater  and  separating  the  convolutions  of  the 
brain,  may  be  simply  dropsical  or  due  to  chronic  meningitis.  Turbid 
and  purulent  serum,  beneath  and  in  the  pia  mater,  is  due  to  acute 
or  chi-onic  meningitis.  The  degree  of  Jlatness  of  the  snrfiwe  of  the 
convolutions  should  be  observed  before  removing  the  brain;  for,  when 
marked,  it  affoi'ds  au  important  indication  of  pressure,  from  hiemorr- 
hage,  inflammatory  products,  internal  fluid  effusions,  and  tumors.  The 
pia  mater  should  be  carefully  examined  for  miliary  tnbereles. 

The  Brain. — After  examining  the  cou\ex  surface  of  the  bi'ain,  the  an- 
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tenor  lobes  of  the  cerebruiii  are  to  be  pulled  gently  backward,  the 
uerves,  vessels,  aiid  teutoriiiiii  se\"ered,  and  the  medulla  cut  squarely 
aerosK,  as  low  dowo  as  possible.  The  brain  is  now  removed  from  the 
cmuiiim  by  passing  the  fingers  of  one  hand  down,  beneath,  and  behind 
the  lobes  of  the  cerebellum,  and  drawing  the  brain  out,  supporting  the 
convexity  with  the  other  hand. 

The  adult  brain  in  the  male  weighs  on  the  average  alwut  1,400 grams; 
that  of  the  female,  about  155  grams  less.     The  avei-age  proportional 


Fro.  1.— 81»B  VIEW 


weight  of  the  brain  to  that  of  the  body  ia  about  one- forty -fifth,  althongh 
in  this,  as  iu  the  al>solute  weight,  there  is  considerable  variation. 

The  exact  situation  of  any  lesion  which  is  apparent  externally  should 
be  described  bv  its  relation  to  the  lobes,  fissures,  convolutions,  and  sulci 
(Fig.  1). 

The  brain  is  first  laid  upon  its  coniex  surface,  and  the  anterior,  mid- 
dle, and  posterior  cerebral  arteries,  as  well  as  the  basilar  and  the 
carotids,  are  to  be  examined  for  emboli,  thrombi,  atheroma,  and  aneur- 
isms. Evidence  of  extraiasatious  of  blood,  tumore,  and  Inflammatorj' 
lesions  are  now  to  be  looked  for.  The  brain  is  next  turned  over  on  to 
its  iKise.  An  incision  is  made  through  the  pia  mater,  over  the  convex 
surface  of  the  cerebrum.  The  membi-ane  is  stripi)ed  up,  and  its  adher- 
ence to  the  brain  and  its  thickness  are  noted. 

The  more  common  method  of  opening  the  brain  is  as  follows:  The 
halves  of  the  cerebrum  are  to  be  separated  until  the  sui>erior  surface  of 
the  corpus  callosum  is  exposed  (Fig.  2).  A  longitudinal  incision  is 
made  through  the  junction  of  the  corpus  callosum  and  the  cei-ebruni,  and 
downward  into  the  ventricle.  The  incision  sliould  be  made  carefully,  so 
as  not  to  cut  through  the  ventricle  into  the  ganglia  below.     The  incisiou 
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thus  made  tlirough  the  roof  of  the  ventricle  is  prolonged  backward  aud 
forward  in  the  direction  of  the  cornua,  so  as  to  expose  the  entire  ventri- 
cle. A  longitudinal  incision  is  then  made  outward  and  ba^-kward  into 
the  hemisphere,  from  tlie  outer  edge  of  the  lateral  ventricle  nearly  to 
the  pia  mater.  A  second  incision  is  then  made  through  this  cnt  surface 
outward,  and  this  is  repeated  until  the  hemisphere  is  divided  into  a 


Fio.  2.— Method  of  Openino  the  Brain,  Showing  the  Dwbctios  of  first  Incision. 

number  of  long,  prism-shaped  pieces,  held  together  by  the  pia  mater 
aud  a  small  portion  of  the  cortex.  The  brain  is  now  turned  around  so 
as  to  bring  the  other  hemisphere  under  the  hand,  and  the  operation  is 
repeated  ou  the  other  side. 

The  size,  shape,  and  contents  of  the  ventricles  should  be  noticed,  and 
the  thickness  and  appearance  of  the  ependyma. 

Tlie  fornix  and  the  central  portion  of  the  corpus  callosum  are  cut 
across  by  pas.sing  the  point  of  tlie  knife  through  the  foramen  of  Munro 
and  cutting  upward.  They  are  then  drawn  backward,  one  of  the  pos- 
terior cornua  of  the  fornix  being  severed  and  laid  to  one  side.     The 
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velum  int«rpositiim  and  the  choroid  plexus  are  uow  dissected  up,  the 
blood  couteuts  aud  the  general  appearance  noted,  and  the  third  ventricle 
examined.  Not  infreqaeutly  small  cysts  of  the  choroid  are  found,  which 
seem  to  have  little  or  no  pathological  significance. 

The  fourth  ventricle  is  now  opened  by  a  longitudinal  iiicisiou  througli 
the  vermiform  process.  Each  hemisphere  of  the  cerebellum  is  divided 
first  into  two  parts,  by  an  incision  through  the  upi>er  and  inner  convex 
border,  aud  then  each  segment  is  further  divided  by  incisions  in  the 
same  direction. 

Thin  transverse  sections  are  now  made  through  the  cerebral  ganglia, 
commencing  in  front  (Fig.  3).     The  ganglia  are  supported,  aud  the  sec- 


tions caused  to  fall  apart  as  they  are  cut,  by  carrying  the  fingers  of  ont 
hand  under  the  brain,  and  gently  lifting  the  ganglia  at  points  just  be- 
neath where  the  sections  are  made.  It  is  important  to  observe  the  exact 
position  of  any  lesion  which  may  be  discovered  iu  the  cerebral  ganglia, 
tbeir  relations  to  the  external  and  internal  capsule  and  to  the  caudate 
and  leuticnlar  nuclei. 

Finally,  the  segments  of  the  cerebrum  and  cerel>ellum  are  folded  up 
together  into  their  original  positions,  the  whole  is  turned  over  on  to  the 
vertex,  and  thin  sections  are  made  through  the  medulla.  Small  clots  in 
the  medulla  should  not  be  overlooked. 

In  case  of  the  discovery  of  apoplectic  clots,  areas  of  softening,  etc., 
either  in  the  hemispheres  or  in  the  basal  ganglia,  after  their  location  and 
extent  are  determined,  they  should  be  carefully  searched  for  lesions  of 
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the  blood-vessels,  luimite  aneurisms,  areas  of  deReueration,  au<l  rup- 
tures. For  this  purpose  it  may  be  necessary  to  allow  a  stn-aiii  of  water 
to  mil  over  the  affected  jiortiou,  so  as  to  wash  out  the  brain  substance 
and  expose  the  vessels.  In  some  eases  the  blood-vessels  arc  best  exposed 
by  niacemtin;;  the  bmin  tissue  at  the  seat  of  the  lesion  for  some  hours  in 
water,  and  then  washing  out  the  brain  substance  under  the  faucet. 

\\liile  the  above  mode  of  disse<'tiiiji  the  brain  gives  a  veiy  complete 
view  of  the  seat  and  extent  of  lesions  in  general,  when  a  more  exact- 
localization  of  lesions  with  a  microscopic  examination  is  to  be  made,  the 
following — called  Jleynert's  method — is  a  better  method  of  opening  tbe 
bmiu : 

After  completing  the  exlerual  examination,  as  detailed  aljove,  the 
bi-ain  is  laid  on  its  vertex,  the  cerebellar  end  towani  the  opemtor.  The 
cci-elx'llnm  is  niised  by  the 
tingers  of  the  left  hand,  and 
the  i»ia  cut  through  along 
the  sides  of  the  corpora 
(inadrigemiiia,  around  the 
crura  and  along  the  inner 
mai'gins  of  the  temporal 
lobes,  to  the  middle  cerebral 
artery  on  both  sides(Fig.  4). 
Then,  ntising  the  temporal 
lobes,  in  turn,  by  their 
apices,  the  i>ia  is  cut  through 
along  the  course  of  the  mid- 
dle ceivbrivl  artery  into  the 
Sylvian  fissure,  and  along 
the  course  of  its  posterior 
hnineh  to  its  end.  Xow, 
"■  dniwing  the  temporal  lobes 
J  one  after  the  other  upward 
it.^1  t\HD,  iiiif  or  luc-isiunio  remove  husa]pi*»,  and  ontwatd,  their  juuctiou 

with  the  ba.se  is  cut,  the 
knife  Ix'ing  held  horizontally  so  iis  not  to  injure  the  basal  ganglia,  until 
the  descending  horn  is  ojwned.  The  point  of  tlie  knife  being  in  the 
descending  horn,  the  incision  through  the  brain  substance  then  passes 
outwai-d  and  backwai-dwcll  into  the  posterior  horn,  thus  partially  sever- 
ing, at  the  lateral  surface  of  the  brain,  the  junction  of  the  occipital  and 
temponil  lobes.  The  temporal  lobes  are  then  turned  outward  and  back- 
ward (Fig.  4). 

The  operculum  is  now  pulled  well  outward,  coniplclcly  exposing  the 
islaud  of  Keil,  and  a  slightly  curved  transverse  incision  is  made,  deep 
enough  to  pass  into  the  anterior  horns  of  the  ventricles,  connecting  the 
anterior  -sulci  of  the  island  of  Keil  ("Fig.  4,  A.  B). 

Now  raising  the  cerebellum  and  inserting  the  point  of  the  knife  into 
the  ventricle,  with  shori  incisions  from  within  outwai'd,  cut  through  the 
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internal  oapsule  ou  cither  side  from  back  to  front  (Fig.  4,  C  A  and  D  B) 
care  being  taken  not  to  injure  the  basal  ganglia.     Then  cut  across  the 
crum  of  the  fornix  and  the  septum  liicidum, 
leaving  the  fornix  lying  on  the  corpus   cal- 
losuni. 

The  square  basal  piece  (Fig.  5)  thus  freed 
— the  brain  axis — includes  the  island  of  Eeil, 
the  basal  ganglia,  the  crura,  pons,  medulla, 
and  cerebellum.  The  remaining  portion — 
the  brain  maafle — includes  the  convolutions, 
corpus  callosum,  and  fornix  (Fig.  C). 

The  basal  piece  may  be  further  examined 
by  a  series  of  trausvei-se  incisions,  from  one- 
half  to  tb.«e-quartere  of  an  inch  apart,  and  it     ^.^  ^_^„^  ^^^,^  ^^^^  ,^^^. 
may  be  hardened  either  with  or  without  the  rated  fb»«  the  bhais  mintle. 
cerebellum.      The    con\'oiutions  may  be    cut  *®  ^'^^^  ""*"  above. 
into  small  pieces  by  longitudinal  and  transverse  incisions,  made  from 
\rithiu  and  not  reaching  quite  to  the  pia  matei',  which  will  then  serve 
to  hold  the  pieces  together  in  their  pi-oper  I'clations  to  one  another.' 


Flo.  0.— Tile  BHiis  MaNTLK,  as  SEEN  fbou  Bkliiiv. 

A.  latrmal  cspBuJe ;  B,  opeFculuia ;  C,  pntupriiir  border  ot  rarpus  eallusuiii ;  D.  Ues^t^ndlng  born  ; 

E.  I'omu  omtuonls. 

The  Base  of  the  Cranium.— ^ We  now  retiirn  to  the  skull.  The  re- 
maining sinuses  of  the  dura  mater  should  be  oi>ened,  and  tliis  membrane 
then  entirely  stripped  from  the  bone.     The  bones  at  the  base  of  the  skull 

'  For  further  deialls  of  this  nittlioil  of  opcnins;  tl 
advantages,  see  Van  Giemn,  "Laboratory  Notes,  c 
July  20tli,  1889. 
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are  to  be  examined  for  fractures,  iuflanimatorj'  lesions,  and  tumors.  In 
cases  of  acute  purulent  meningitis,  the  temporal  and  frontal  bones  shoold 
be  carefully  examined,  as  the  iufiammatory  process  is  sometimes  trans- 
mitted from  the  internal  ear,  or  mastoid  cells,  or  frontal  sinuses. 

The  eyes  may  be  removed  by  breaking  the  roof  of  the  orbit  with  a 
hammer,  removing  the  fragments  of  bone,  and  dissecting  away  bone  and 
muscles,  so  as  to  expose  the  optic  nerve  and  posterior  segmeut  of  the 
eye.  That  portion  of  the  globe  which  is  not  covered  by  conjunctiva  can 
now  be  cut  away  with  scissors  and  removed  with  the  optic  nerve,  or, 
when  permissible,  the  whole  eye  may  be  cut  out. 

The  examination  of  the  internal  ear  may  be  made  by  removing  its 
entire  bony  encasement  with  the  saw  and  chisel,  or  by  the  exposure  of 
special  parts  by  hammer  and  chisel,  and  by  suitable  opening  of  the  re- 
moved parts  with  a  flue  saw. 

HARDiiNiNo  AND  PnesERVATioH  OF  THE  T1SSVB8  POK  MiCROBCoprcAL  Examination. 

For  the  study  of  tvmort  and  injtammatery  lemon*  ot  the  bones  of  the  ekull  and 
ossiflcatioDS  of  the  dura  mater  and  pia  mater,  the  affected  portions  should  be  cut  inlo 
Bmall  pieces,  fined  in  five-per-cent.  formalin  or  in  Orth's  fluid,  see  page  53,  and  decalci- 
fied. The  dura  mater  should  be  etretcbcd  on  a  flat  piece  of  wood  or  cork  with  pins, 
before  hardening.' 

The  pia  mater  is  so  delicate  that  if  it  be  separated  from  tbe  brain  wben  quite  fresh 
its  tissues  are  apt  to  l>e  injured.  The  portions  of  tlie  pia  mater  which  are  to  be  pre- 
served should  tlierefore  bn  removed  by  cutting  off  slices  of  tite  brain  substance  about 
half  an  inch  thick,  with  the  membrane  still  attached,  and  placing  the  whole  in  Orth's 
fluid.  After  twenty-four  hours,  the  pia  mater  will  have  become  sufllciently  hard  to 
permit  of  its  being  stripped  off  without  injury^  and  it  is  then  spread  loosely  on  a  flat 
cork  with  pins,  the  free  surface  outward,  and  the  cork  floated,  specimen  ^dc  down,  in 
eighty-per-ccnt  alcohol,  changing  to  strong  alcohol  after  Iwenty-foiir  hours. 

When  sections  are  required  showing  the  pia  in  its  relationship  to  the  underlying 
brain  tissue,  small  blocks  of  tbe  brain  and  pia  togctber  should  be  cut  out  and  hardened 
in  Onb's  fluid  or  in  fonnalio  (5  :  100)  solution  (see  page  58). 

When  the  ependyma  is  to  be  studied  apart  from  the  associated  nerve  tissue,  it  may 
be  sliced  off  with  a  sufficient  quantity  of  underlying  brain  substance  to  prevent  its  fold- 
ing, and  hardened  in  Ortb's  fluid.  The  brain,  for  general  purposes,  may  be  hardened 
in  Ortb's  fluid  or  in  five-per-ccnt  formalin.  The  pieces  of  brain  tissue  should  not  be 
more  than  1  cm.  thick;  it  is  better  if  they  are  thinuer  than  this.  They  should  be  sus- 
pended in  gauze  or  rest  upon  a  layer  of  absorbent  cotton  on  the  bottom  of  the  jar,  the 
pieces,  if  these  are  numerous,  being  held  apart  by  a  little  cotton.  Thus  the  preserva- 
tive fluid  which  should  be  abundant,  is  in  contact  with  the  surfaces  of  the  pieces  of 
tissue.  Ordinarily,  with  a  change  of  fluid  on  the  second  day.  the  flxBtioD  by  formalin 
or  Orth's  fluid  is  complete  in  a  week,  when  the  fixatives  are  thoroughly  washed  outand 
replaced  by  flfty-per-cent  alcohol,  which,  in  turn,  is  replaced  after  forty -tight  hours  by 
eighty -per-cent  or  by  ninty-five-per-cent  alcohol. 

When  degemralion  in  nerves  is  to  be  studied,  the  specimens  of  nerve  tissue  may, 
by  Marchi's  method,  be  hardened  for  a  week  in  MuUcr's  fluid,  and  then  transferred  to 
the  followiog  solution: 

MQllcr's  fluid, 2  parts. 

Osmic  acid,  one  per  cent 1  part. 

After  a  week  the  specimens  are  washed  and  transferred  to  ninety -flve-per-cect 

'For  details  of  the  methods  of  hardening,  decalcifying,  staining,  etc.,  see  page  51. 
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alcohol.  In  such  specimens  the  fat  droplets  la  the  degenerate  areas  are  black,  wliile 
the  myelin  is  yellowish  in  color. 

Certain  leuons,  particularly  the  softeuiags  of  the  brain,  are  best  studied  bv  teasing. 
when  fresh,  in  one-half- per-cent  solution  of  sodium  chloride,  or  in  frozen  sections  of  the 
fresh  tissue.  The  blood-vessels  may  be  stretched  on  cork  with  pins  and  hardened  with 
Orth'a  duid  or  formalin.  The  eye  and  portion  of  the  optic  nerve,  if  removed,  should 
be  fixed  by  Orth's  fluid  and  the  hardening  completed  by  alcohol. 

For  many  methods  of  fixation  and  study  which  are  useful  for  special  purposes,  we 
refer  to  special  worlia  on  technique. 

THB  SPINAL  COSD. 

The  examiaatioD  of  the  spinal  cord  ia  ustially  most  convenieDtly  made 
after  the  removal  of  the  brain. 

The  body  should  be  placed  face  downward,  with  a  block  under  the 
ttiorax  and  the  head  hanging  over  the  edge  of  the  table.  An  incisiou  is 
made  through  the  skiu  and  muscles  along  the  entire  length  of  the  spine, 
and  the  soft  parts  are  dissected  away  on  ea«h  side  so  as  to  expose  the 
laminie  of  the  vertebral  column.  The  lamlnie  are  then  divided,  close 
within  the  articular  processes,  with  the  saw. 

The  saw  should  be  so  directed  in  severing  the  lamias  that  the  inci- 
sion shall  touch  the  outer  border  of  the  spinal  caual,  as  otherwise  the 
lamiu£e  and  spinous  processes  are  uot  easily  separated.  Great  care 
should  be  taken  on  the  one  hand  uot  to  Injnre  the  cord  with  the  saw, 
and  ou  the  other  completely  to  loosen  the  portions  of  boue  to  be  removed. 
These,  which  are  the  spinous  processes  and  laminie,  are  now  torn  away 
together,  with  a  stout  hook,  exposing  the  cord. 

By  means  of  a  long,  cur\'ed  chisel,  made  for  this  purpose,  the  bodies 
of  the  vertebra  may  be  removed  from  the  front  after  the  thoracic  and 
abdominal  viscera  are  taken  out,  and  the  cord  thus  exposed  and  re- 
moved. But  in  this  anterior  method  of  removing  the  cord,  as  well  as  by 
the  use  of  chisel  and  mallet,  boue  shears,  etc.,  in  the  ordinary  method, 
there  is  great  liability  of  injuring  the  delicate  tissues  of  the  cord  and 
producing,  as  Van  Gieson  has  shown,'  mechanical  alterations  which  are 
likely  to  be  mistaken  for  malforraatious  or  the  results  of  disease. 

AVTieii  the  body  has  lain  on  the  back,  the  membranes  of  the  cord  may 
be  found  considerably  congested,  without  indicating  the  pre-existenee  of 
disease.  If  the  body  has  lain  for  some  time,  cpecially  in  warm  weather, 
serous  flnid  may  have  accumntated  within  the  membranes,  as  a  result  of 
post-mortem  change. 

The  roots  of  the  ner%-es  are  now  to  be  cut  across,  as  far  away  as  pos- 
sible from  the  cord,  and  the  cord  removed  in  its  membranes,  care  being 
taken  not  to  press  it  iu  any  way.  It  is  the  safest  plan  not  to  grasp  the 
cord  itself,  but  with  a  forceps  to  seize  the  dura  mater  and  thus  lift  it  up 
at  once  as  it  is  freed  from  its  attachments.  It  is  now  laid  on  the  table, 
and  the  dnra  mat«r  laid  open  with  scissors  ou  the  anterior  and  posterior 
surfaces  over  its  entire  length,  and  searched  for  tumors,  inflammatory 

'  Van  Oieton,  "  A  Study  of  the  Artefacts  of  the  Nervous  System,"  New  York  Med- 
ical Journal,  vol  Ivi.,  pp.  337,  3SS,  431.     1893. 
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lesions,  etc.  The  finger  should  be  passed  gently  along  the  cord  as  it  lies 
on  the  table,  so  as  to  detect  any  marked  softenlag  or  sclerosis.  The 
weight  of  the  spinal  cord  is  from  30  to  38  grams.  It  shonid  now  be  held 
lightly  over  the  fingers,  and  smooth  transverse  incisions  made,  with  a 


TlO.  T.— OCILIKES  Of  SSCTLONS  0|i  THE  gPINAl  COED  IT  DtFPERINT  LKTELB. 

OoplMol  UteseouUlaeg  mar  be  uaed  for  memoraodi  of  Ute  sHuadoD  of  leeiDDa  of  Uie  aploalcord.   I, 

h  cervical;   HI. eighth  CBrrlial:  jr.  mw  floiml;   K,  elgbth  doreal ;  ri,  Ihlnl 


A'ery  sharp  knife  or  razor,  about  half  an  inch  apart  tUroogh  its  entire 
substance  between  the  segments,  leaving  these  attached  to  the  pia  mater. 

The  segments  of  the  spinal  cord  are  those  parts  from  which  the  spi- 
nal nerves  arise,  and  it  is  convenient  for  the  location  and  description  of 
lesions  to  number  the  segments  in  correspondence  with  the  nerves  which 
arise  from  them  and  to  indicate  on  outline  diagrams  of  the  cord  (Fig.  7) 
the  exact  seat  of  small  lesions. 

The  cut  surfaces  should  he  carefully  examined  for  abnormal  blood 
contents,   bjemorrhages,  inflammatory  lesions,   softening,  scleroses,  and 
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pigtneutations.  Important  lesious  of  the  cord  may  be  iuviaible  to  the 
naked  eye,  and  hence,  if  disease  be  suspected,  the  organ  should  be  pre- 
8er%'ed  for  microscopical  examination.  The  spiniil  ganglia  may  now  be 
removed  and  preserved  for  further  examination.  After  removal  of  the 
cord,  fractures  aud  displacemeuts  of  the  vertebne  are  easily  rec<^Tiized. 

Preservation  op  tue  Spinal  Cobd  and  its  Mkubra^^es.  and  op  Peripheral 
Neiives. — Afler  Ihe  removal  of  the  spinal  dura,  the  entire  cord  with  its  nerve  roota — 
ihe  aegm«Dts  into  which  It  bas  been  cut  Tor  gross  examinallon  being  lett  in  place — ^ould 
be  laid  on  a  wad  nf  absorbcot  cotton  Id  a  large  jar  of  Orth's  fluid  or  formalin,  the  seg- 
ments being  slightly  separated  from  each  other  by  a  litlle  absorbent  cotton.  Van  Gie- 
ion  recommends  the  careful  rolling  of  the  segmented  cord  into  a  loose  spiral  and  laying 
this  coil  on  a  wad  of  absorbent  cotton  In  the  Axativc.  In  this  way  the  cut  ends  of  the 
segments  are  held  apart,  accessible  to  the  fluid.  an<l  harden  with  little  distortion. 

The  hardening  and  preservation  of  the  cord  may  l>e  done  by  the  same  methods  as 
suggested  abovu  for  the  brain.  If  the  dura  mater  of  the  cord  alone  is  to  be  preserved, 
it  should  be  treated  in  tlie  manner  suggesieii  for  the  dura  roater  cerebralis.  The  pia 
mater  spinalis  is  best  studied  in  sections  through  the  entire  cord,  tlie  membranes  being 
left  in  «((/. 

Peripheral  nerves  may  be  hardened  in  Orth's  fluid  or  In  formalin. 

For  the  hardening  of  the  peripheral  nerves,  osmic  acid  Is  very  useful,  especially 
when  changes  in  the  myelin  are  to  be  sought  after.  As  osmic  acid  does  not  readily 
penetrate  the  lamellar  sheath  so  as  to  come  in  contact  with  the  nerve  fibres,  in  Irunka 
of  any  considerable  size,  the  following  procedure,  as  suggested  by  Van  Gleson.  will  be 
found  useful ;  A  piece  about  one-halt  inch  long  is  cut  from  the  nerve  to  be  examined : 
one  end  of  this  segment  is  held  with  a  forceps,  while  with  another  forceps  the  Individual 
nerve  fibres,  or  small  cliiglers  of  these,  are  pulle<l  out  of  the  lamellar  sheath  and  pot  at 
once  In  a  one-per-cent  ai|Ueous  solution  of  osmic  acid,  in  which  they  remain  twenty-four 
hours,  and  are  then  washed  and  transferred  to  glycerin,  to  which  twenty-five  per  cent 
alcohol  is  added.  In  this  mixture  they  may  be  preserved.  Marchi's  method  (see  above, 
p.  16)  is  useful  for  the  study  of  degeneration  in  peripheral  nerves. 

THE  THOK&X  AND  ABDOHEN. 

The  body  is  replaced  on  its  back,  and  a  single  straight  incision  is 
made  from  the  top  of  the  sternum  to  the  pubes,  patting  to  the  left  of  the 
umbilicos.  For  this  purpose  a  large  knife  should  be  used,  held  firmly 
in  the  whole  hand,  and  the  movement  should  be  mainly  from  the  shoul- 
der. The  first  incision  should  divide  everything  down  to  the  sternimi 
and  peritoneum.  A  short  incision  should  then  be  made  through  the 
peritoneum,  just  below  the  ensiform  cartilage.  Into  this  opening  two 
fingers  of  the  left  hand  ai'e  introduced  and  separated  from  one  another, 
and,  the  parietes  being  raised  aud  the  sides  of  the  opening  being  held 
apart  by  the  fingers,  the  peritoneum  is  divided  to  the  pubes,  care  being 
taken  to  hold  the  knife  horizontally  so  as  not  to  cut  the  intestines.  The 
skin  and  muscles  are  then  dissected  off  from  the  thorax  on  both  side«  as 
far  back  as  the  false  ribs. 

This  dissection  should  be  made  by  long  sweeps  of  the  knife,  which 
should  be  made  to  cut  with  the  full  blade  and  not  with  the  point  only ; 
and  if  the  skin  and  muscles  be  pulled  strongly  away  from  the  chest  with 
the  left  band,  it  may  be  done  very  rapidly  and  with  a  few  strokes  of  the 
knife.     We  notice  here  the  amouut  of  subcutaneous  fat  aixd  the  condi- 
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tiou  of  the  muscles.  lu  order  better  to  expose  the  abdomiaal  cavity,  the 
rectus  should  be  divided  trausversely  beneath  the  skiu  just  above  the 
pubes,  and  the  abdominal  flaps  may  theu  be  turned  freely  outward. 

General  Iiupeotioo  of  the  Abdominal  Cavity. — We  first  notice  the  posi- 
tion and  general  condition  of  the  viscera.  It  is  best  at  this  stage  of  the 
examination  to  note  the  condition  of  the  vermiform  appendix,  and  to 
look  over  the  peritoneal  cavity  for  serum,  iuflamniatory  lesions,  evi- 
dences of  perforation,  and  for  the  existence  of  invagination,  incarcera- 
tion, and  hemlffi  of  the  intestines.  A  small  quantity  of  reddish  serum 
is  frequently  found  in  the  abdominal  cavity,  particularly  in  warm 
weather,  as  the  result  of  commencing  decomposition. 

It  should  be  remarked  here  that  various  striking  changes  in  the 
character  and  appearance  of  the  internal  organs  are  produced  by  putre- 
faction— changes  whieh  are  often  mistakenly  regarded  as  evidences  of 
disease,  and  much  experience  is  required  in  judging  correctly  of  their 
significance.  These  changes  ai-e,  in  general,  softening  and  discoloration, 
both  of  which  may  occur  as  the  result  of  disease.  It  may  be  said  in 
general  that  the  postmortem  reddening,  or  hypostases,  are  most  marked 
in  the  more  depen<leut  pai-ts  of  the  organs.  Post-mortem  softening  usu- 
ally affects  entire  organs,  not  being  limited  to  a  part,  as  is  often  the  case 
in  disease.  Giay  or  greenish-brown  postmortem  discolorations  are  apt 
to  appear  in  those  organs  or  parts  of  organs  which  lie  in  contact  with  the 
intestinal  canal.  Parts  of  internal  oi^ns  such  as  the  liver,  which  have 
been  the  seat  of  localized  congestion  during  life,  may  after  death  assimie 
a  dark -greenish  color. 

The  otneiitum  is  usually  spread  over  the  surface  of  the  small  intes- 
tines, but  it  may  be  rolled  up  and  displaced  in  a  variety  of  ways,  or  may 
be  adherent  at  some  point  to  the  small  intestines  or  the  abdominal  wall. 

The  surface  of  the  smaH  intestines  should  be  smooth  and  shining. 
They  may  be  greatly  distended  with  gas,  and  thus  so  completely  co\er 
the  other  abdominal  viseem  that  it  becomes  necessary  to  let  out  some  of 
the  gas  by  a  small  puncture.  The  transverse  colon  passes  across  the 
abdomen  through  the  upijer  part  of  the  umbilical  region.  It  may  be 
lower  than  the  umbilicus,  or  higher  up  against  the  liver  and  diaphragm ; 
it  may  be  distended  with  gas  or  contracted. 

The  liver  is  situated  iu  the  right  hypochondriac  and  epigastric  re- 
gions, filling  the  concavity  of  the  diaphragm.  Its  upi>er  border  reaches, 
in  the  linea  mammillans,  to  the  fifth  intercostal  space;  in  the  linea  axil- 
laris, to  the  seventh  intercostal  space ;  clase  to  the  vertebral  column,  to 
the  tenth  intercostal  spa<ie.  At  the  median  line  the  npper  border  of  the 
liver  corresponds  to  the  lower  border  of  the  heart.  The  left  lobe  extends 
about  thi-ee  inches  to  the  left  of  the  median  line.  The  lower  border  of 
the  right  lobe  usually  reaches  to  the  free  border  of  the  ribs,  while  the 
left  lobe  is  visible  for  about  an  inch  below  the  ensiform  cartilage.  In 
women  the  liver  is  usually  lower  than  in  men. 

The  position  of  the  liver  is  affected  by  changes  in  the  thoracic  cav- 
ity, forcing  it  downward ;  by  changes  in  the  abdominal  cavity,  forcing 
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it  upward ;  by  constrietiou  of  the  waist  ia  tight  la«iug,  forcing  it  either 
npward  or  downward ;  by  changes  in  the  size  of  the  organ  itself.  The 
liver  may  not  only  be  displaced  downward,  but  dislocated  so  that  its 
convex  surface  faces  the  abdominal  wall  and  its  posterior  edge  is  turned 
upward  against  the  diaphragm. 

The  atoniflcft  is  situated  in  the  left  hypochoudriac  and  epigastric  re- 
gions, esteudiug  also  into  the  right  hypochoudrium ;  it  lies  in  part 
against  the  anterior  wall  of  the  abdomen,  in  part  beneath  the  liver  aud 
diaphragm,  and  above  the  transverse  colon.  Its  anterior  surface,  which 
is  directed  npward  and  forward,  is  in  contact  above  with  the  diaphragm 
aud  the  under  surface  of  the  liver,  aud  lower  down  with  the  abdominal 
wall  opposite  to  the  epigastric  region.  Its  posterior  surface  is  turned 
downward  aud  backward,  and  rests  on  the  transverse  mesocolon,  the 
pancreas,  and  the  great  vessels.  To  its  lesser  carvature  or  upper  border 
are  attached  the  gastro- phrenic  ligameut  aud  the  gastro-hepatic  omen- 
tum. To  the  greater  cur\'ature  or  lower  border  is  attached  the  gastro- 
colic omentum.  Its  cardiac  orifice  communicates  with  the  cesophagus, 
its  pyloric  end  with  the  duodenum. 

When  the  stomach  is  distended  the  greater  curvature  ia  elevated  and 
carried  forward,  the  anterior  surface  is  turned  upward  aud  the  posterior 
surface  downward.  WTieu  disteuded  with  food  or  gas  the  orgau  is  prom- 
inent ;  when  empty  it  may  hardly  be  visible  below  the  ribs;  when  the 
intestiues  are  dilated  it  may  be  entirely  covered  by  them. 

Before  opeuiug  the  thorax  the  hand  should  be  passed  up  against  the 
nuder  surface  of  the  diaphragm  on  either  side,  to  determine  its  height. 
According  to  Quain,  the  vault  of  the  diaphragm  rises,  in  the  dead  body, 
on  the  right  side  to  the  level  of  the  junction  of  the  fifth  rib  and  sternum, 
on  the  left  side  as  high  as  the  sixth  rib.  Both  the  relative  and  the 
absolute  height  of  the  diaphragm  vary  under  a  variety  of  pathological 
conditious. 

If  the  existence  of  air  or  gas  in  the  pleural  cavities  be  suspected,  the 
abdominal  cavity  should  be  filled  with  water  and  the  diaphragm  punc- 
tured below  the  level  of  the  fluid.  If  air  be  jiresent,  it  will -escape  in 
bubbles  through  the  water. 

The  Thorax. 

We  now  leave  the  abdominal  viscera  and  proceed  to  the  examination 
of  the  thorax.  With  a  costatome  or  a  strong  kuife  the  costal  cariilages 
are  divided  close  to  the  ritts,  the  clavicles  are  disarticulated  from  the 
sternum,  and  the  latter  ia  removed,  care  t>eing  taken  not  to  wound  the 
lai^e  veins.     We  first  examine  the  position  of  the  heart  and  lungs. 

The  Heart — The  upper  border  of  the  heart  ia  on  a  level  with  the 
third  costal  cartilage;  the  lower  border  extends  from  1.3  cm.  below 
the  lower  end  of  the  sternum  to  the  fifth  left  intercostal  space.  The 
left  boundary  of  the  heart  ia  situated  to  the  left  of  the  junction  of  the 
fifth  rib  witii  its  costal  cariilage,  aud  behiud  or  to  the  left  of  a  vertical 
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line  drawn  dowuward  from  the  left  nipple.  The  right  bouudaiy  extends 
2.5  cm.  to  the  right  of  therightedge  of  the  sternum.  The  portiou  of  the 
heart  uncovered  by  the  laugsis  of  an  irregular  quadrangular  shape.  Its 
lateral  diameter  is  from  3.8  cm.  to  11.1  cm. ;  its  upper  boundarj'  varies 
from  the  level  of  the  second  costal  cartilage  to  that  of  the  fifth,  bat  it  is 
usually  behiud  the  third  or  fourth  cartilage  or  fourth  space. 

The  area  of  the  heart  which  is  found  uncovered  will,  however,  vary 
much,  according  to  the  degree  to  which  the  lungs  collapse  after  opeuii^ 
the  chest.  Any  disease  which  dimiuishes  the  size  of  the  lungs,  or  pleu- 
ritic adhesions  which  retract  or  bind  them  dowu,  may  increase  the  area 
of  exposed  heart.  On  the  other  baud,  emphysema,  pneumonia,  or  any 
disease  which  increases  the  size  of,  or  retains  the  air  in,  the  lui^,  may 
diminish  the  area  of  exposed  heart.  The  exposed  area  varies  also  with 
the  size  of  the  heart  itself. 

The  Pericardium  is  now  opened  by  a  slightly  oblique  iucision  on  its 
anterior  surface.  The  existence  of  serous,  fibrinous,  or  jturulent  exu- 
date, and  of  adhesions,  is  to  be  noticed.  A  small  quantity  of  clear  serum 
exists  normally  in  tlie  pericardial  sac,  and  this  serum  may  be  blood- 
stained from  beginning  decomposition.  ASTiite  thickenings  of  the  peri- 
cardium on  the  surfaces  of  thf.  heart  are  often  seen ;  they  do  not  indicate 
imijortant  disease. 

Now  that  the  pericardial  sac  is  open,  the  position  of  the  heart  can  be 
clearly  seen.  It  lies  obliquely  in  the  chest,  its  long  axis  at  an  angle  of 
about  sixty  degrees  with  that  of  the  thorax.  Tlie  portion  of  the  heart 
which  is  first  seen  is  the  anterior  surface  of  the  right  ventricle;  upward 
and  to  the  right  of  this  is  the  right  auricle,  which  lies  about  two-thirds 
on  the  light  of  the  sternum  and  about  one-third  beiiind  it.  Its  upper 
bonier  usually  cori-esponds  to  the  plane  of  the  qiiddle  of  the  anterior 
end  of  the  second  intercostal  space  on  the  right  side.  Its  size  varies 
with  the  amount  of  blood  which  it  contains.  The  left  auricle  lies  behind 
the  root  of  the  pulmonary  artery,  so  WnM  ouly  its  apjiendix  is  visible. 
The  middle  of  the  auricle  corresponds  to  the  third  costal  cartilage.  Of 
the  left  ventricle  only  a  narrow  rim  is  seen,  on  tbe  left  side  of  the  right 
ventricle.  The  pulmonary  valve  is  usmilly  entirely  or  in  part  on  the 
left  side  of  the  sternum,  behiud  the  second  space  or  third  costal  cartilage. 

The  aortic  vahe  is  usually  at  tbe  le\'el  of  the  third  cartilage  or  the 
third  space,  aud  behind  the  left  two-thirds  or  half  of  the  sternum.  The 
mitral  valve  is  oblique,  the  upjier  end  to  the  left.  It  is  ou  the  le^^el  of 
the  third  to  the  fourth  cartilage,  uear  the  middle  of  the  sternum.  Tae 
tricuspid  is  obli<juc,  its  upiMT  end  to  the  left ;  the  npi>er  end  is  at  the 
level  of  the  third  cartilage,  the  third  sjKice,  or  the  fourth  cartila^. 
The  valve  is  opposite  tbe  middle  of  the  sternum. 

The  hand  should  now  be  pjissed  over  the  arch  of  the  aorta,  to  ascer- 
tain whether  or  not  au  aneurism  is  pi'csent.  The  heart  is  then  grasped 
at  the  apex,  raised  out  of  the  pericardium,  tilted  upward,  and  removed 
unopened  by  cutting  through  the  vessels  at  its  base. 

To  determine  the  sufficiency  of  the  aortic  and  pulmonary  valves,  the 
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heart  is  held  horizontally  by  tooth  auricles,  so  as  not  to  pall  the  valves 
opeii,  and  water  is  ponred  into  the  aortic  and  pnlmonary  arteries,  and 
we  observe  how  well  the  valves  support  the  column  of  li<]uid.  To  ascer- 
tain the  safQciency  of  the  mitral  and  tricuspid  valves,  the  auricles  are 
first  laid  open  so  as  to  expose  the  upper  surfaces  of  the  valves.  A  large 
pipe  is  passed  through  the  aorta  or  pulmonary  artery  beyond  their 
^■alves,  and  a  small  stream  of  water  allowed  to  flow  into  tlie  ventricles. 
The  anriculo-ventricular  valves  will  be  swolleu  upward,  and  we  can  ob- 
serve their  degree  of  sufficiency.  The  tricuspid  valve  is  normally  some- 
what insufficient.  These  water  tests,  however  carefully  applied,  are  not 
very  reliable,  since  under  the  most  favorable  couditious  the  uatural 
bearings  of  the  valves  are  not  perfectly  preserved. 

To  ascertain  the  size  of  the  different  valvular  openings,  we  introduce 
the  fingers,  held  fiat  with  their  sides  in  contact,  into  each  of  the  orifices, 
and  then  measure  the  width  of  the  fliers  at  the  point  where  they  fill  the 
orifice.  In  this  way  we  find  that,  under  normal  conditions  in  the  adult, 
the  aortic  measures  about  2.5  cm.,  the  mitral  valve  about  4.5  cm.,  the 
pulmonary'  about  3.1  cm,,  the  tricuspid  about  5  cm. 

In  order  to  examine  the  inierior  of  the  heart,  we  first  make  an  incision 
through  the  anterior  wall  of  the  left  ventricle,  close  by  and  parallel  to 
the  septum,  and  reaching  to  the  apex  of  the  ventricle;  through  this 
opening  the  blade  of  the  enterotome  is  passed  up  into  the  aorta,  the 
pulmonarj'  artery  being  drawn  aside  with  the  fingers,  and  the  ventricle 
and  aorta  are  laid  open.  With  a  little  care  the  incision  may  be  made  to 
pass  through  one  of  the  points  of  junction  of  the  aortic  valves. 

The  auricles  and  ventricles  may  be  empty,  or  may  contain  fluid  blood 
or  the  so-called  heart  clots.  These  heait  clots  are  of  two  kinds — tEose 
which  are  formed  some  time  before  death,  and  those  which  are  formed 
during  the  last  hours  of  life  and  after  death.  The  clots  which  are  formed 
some  time  before  death  are  usually  associated  with  organic  disease  of  the 
heart,  especially  with  dilatation  of  the  ventricles.  They  are  firm,  dry, 
and  of  whitish  color ;  they  may  be  infiltrated  with  the  salts  of  lime. 
The;^'  are  free  in  the  cavities  of  the  heart,  or  entangled  in  the  trabeeulie, 
or  firmly  adherent  to  the  endocardium.  They  are  usually  composed  of 
coagulated  fibrin,  blood  platelets,  leucocytes,  and  red  blood  cells,  and  are 
often  lamellated.  The  clots  which  are  formed  during  the  last  hours  of 
life  and  after  death  are  red,  yellow,  or  white.  They  may  be  soft  or  suc- 
culent or  quite  firm.  They  may  be  fi"ee  in  the  heart  cavities,  or  be" 
adherent  to  the  trabeeulfe,  or  extend  into  the  lai^e  vessels.  They  ai'e 
usually  most  constant  and  of  largest  size  in  the  right  auricle  and  ven- 
tricle. Such  clots  may  be  formed  within  two  hours  after  death.  Clots 
of  thiscbaracterarecommon.  If,  then,  rhc  blood  coagulates  in  the  heart 
withiu  twenty-four  hours  before  death,  this  coagulum  may  not  be  dis- 
tinguishable from  the  ordiuarj'  post-mortem  clots.  If  it  is  supposed, 
therefore,  that  a  person  dies  from  heart  clot  developed  a  few  houi-s  before 
death,  the  proof  of  this  must  be  derived  largely  from  the  clinical  symp- 
toms, and  not  from  the  autopsy. 
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The  coudition  of  the  aortic  valves  and  of  the  endocardium,  and  the 
thickness  and  appearance  of  the  walls  of  the  left  ventricle,  papillary 
muscles,  chordse  tendinese,  etc.,  are  now  noticed.  The  right  ventricle  is 
now  opened  by  an  incision  through  its  anterior  wall,  close  to  the  septum, 
and  examined  in  the  same  way,  W'e  sometimes  see  the  endocardimn  of 
the  upper  part  of  the  left  ventricle  thick  and  white,  without  the  exist- 
ence of  valvular  lesions  or  any  clinical  history  of  disease.  The  endocar- 
dium and  valves  are  often  stained  red,  particularly  in  warm  weather,  by 
imbibition  of  coloring  matter  of  the  blood,  set  free  by  decomposition. 
To  complete  the  examination  of  the  cavities  the  enterotome  is  passed  into 
each  auricle,  carried  down  into  the  correspondiug  ventricle,  and  an 
incision  made  along  the  outer  border  of  t>oth  auricle  and  ventricle  to  the 
apex  of  the  hitter.  In  this  way  the  auriculo-ventricular  valves  are  com- 
pletely exposed.  The  coronary  arteries  should  be  opened  through  all 
their  main  trunks,  with  fine  prot>e-pointed  scissors,  and  carefully 
examined  for  marks  of  inflammation,  emboli,  thrombi,  etc. 

After  removing  the  blood  the  heart  should  be  finally  weighed.  The 
normal  average  weight  of  the  heart  in  adults  is,  according  to  an  estimate 
of  H,  D.  Arnold,'  in  males  about  290  grams;  in  females  about  260 
grams. 

The  weight  of  the  heart  relative  to  that  of  the  body  is  in  males  about 
1 :  158  to  178 ;  in  females,  about  1 :  149  to  176.  According  to  Buhl,  the 
average  thickness  of  the  wall  of  the  left  ventricle  at  about  the  middle  of 
the  cavity  is  from  1.6  em.  to  1,7  cm. ;  of  the  right  ventricle,  from  0.4  to 
0.6  cm. 

Generally  speakiug,  the  size  of  the  heart  corresponds  to  the  size  and 
the  development  of  the  individual.  In  judging  of  an  increase  or  de- 
crease in  its  size  we  must  consider  the  weight  of  the  organ  and  the  thick- 
ness of  its  walls.  If  the  peraon  die  while  the  heart  is  contracted,  the 
walls  of  the  ventricles  will  appear  thicker,  their  cavities  smaller  than 
usual.  If  he  die  of  some  exhausting  di.sease  like  typhoid  fever,  or  if 
decomposition  have  commenced,  the  heart  walls  will  usually  be  flabby 
and  the  cavities  will  appear  larger  than  usual. 

PiiESERVATiOKOFSrECiMESS. — l^reDchynialoiisBnd  fatly  degeneration  of  Ilie  heart 
may  lie  studied  microscopically  by  leasing  tbe  fresh  miigclc  in  onu-Lalf-per-ceut  salt 
solution,  or  by  examining  in  tlie  same  solulion  freab  sections  made  with  Ihe  freezing 
microtome,  or  by  hardening  small  pieces  of  the  muscle  in  one-per-cent  osmic  acid  and 
teasing  in  equal  parts  of  glycerin  and  water. 

Tbe  heart  valves  may  be  stretched  on  a  flat  cork  with  pins  and  hardened  in  Ortli's 
or  Zenker's  fluid  or  alcohol.  Fur  the  methodn  of  detecting  bacteria  in  ulcerative  endo- 
carditis, see  section  on  (iiaining  Bacteria.  When  tlie  presence  of  bacteria  is  suspected, 
cultures  should  be  ma<le  and  the  tissues  sliould  be  prcserveft  in  strong  alcohol. 

The  Pleural  Cavities  are  next  examined.  The  hand  is  passed  into 
each,  and  the  existence  of  sei-ous  or  fibrinous  exudation  or  of  old  adhe- 
sions asceilained.     The  method  of  detecting  the  prc-ience  of  air  has  been 

^  Arni/ld.  "  OI>serval  ions  o 
Hundred  and  Sixteen  Cases." 
pageH3. 
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given  above.  After  the  commencement  of  putrefaction  reddisli  serum 
may  accumulate  iu  the  pleural  cavities.  This  should  not  be  mistaken 
for  the  result  of  disease. 

The  Lungs. — Each  lung  is  lifted  up  in  turn,  the  vessels,  etc.,  at  its  base 
are  divided,  aud  the  organ  is  removed.  If  the  pleura  is  very  adherent  it 
is  better  to  strip  off  the  costal  pleura  with  the  luug.  After  inspecting 
the  external  surf  ace  of  the  luug,  observing  its  size,  shai>e,  color,  and  con- 
sistence, and  the  condition  of  the  bronchial  lymph  nodes,  the  bronchi 
are  opened  with  scissors  having  long,  narrow,  blunt-pointed  blades,  one 
blade  a  little  longer  than  the  other.  The  lung  is  held  in  the  left  hand 
with  its  base  upward,  the  large  bronchi  which  run  on  the  iuner  side  of 
the  lower  lobe  being  first  opened,  afterward  those  of  the  upper  lobe. 
Each  bronchus  should  be  followed  to  its  smaller  ramifications. 

We  should  obser\'e  the  contents  of  the  bronchi  and  the  appearance  of 
their  walls.  In  the  lai^r  and  medium-size  bronchi  the  cartilages  in 
their  walls  do  not  form  complete  rings,  bnt  appear  shining  through  the 
mucous  membrane  like  irregular  white  patches.  This  appearance  should 
not  be  mistaken  for  a  pathological  change.  In  bodies  which  have  been 
dead  for  some  time,  especially  in  cold  weather,  the  bronchial  mucons 
membrane  may  be  red  and  swollen  as  a  post-mortem  change.  The 
contents  of  the  stomach  are  sometimes  forced,  after  death,  into  the 
pharynx,  and  thence  find  their  way  into  the  trachea  and  bronchi,  giving 
them  a  peculiar  reddish  aud  even  gangrenous  appearance.  Bronchitis 
does  not  always  leave  lesions  which  can  be  seen  after  death.  The  large 
vessels  should  now  be  examined  for  thrombi,  emboli,  or  other  lesions. 

After  the  examination  of  the  bronchi  the  lung  is  turned  over,  the 
vessels,  etc.,  at  its  root  are  grasped  with  the  left  hand,  aud  a  long,  deep  in- 
cision is  made  from  apex  to  base.  We  observe  the  appearance  and  texture 
of  the  Inngs,  whether  the  air  vesicles  are  dilated  (emphysematous)  or 
filled  with  serum,  blood,  or  inflammatory  exudation.  Fluid  can  be 
pressed  oat  of  the  air  vesicles  without  breaking  down  the  lung  tissue. 
Solid  infiammatory  exudation,  on  the  other  hand,  renders  the  lung  more 
resistant  and  easily  broken  down.  Attention  should  be  paid  to  the  ooz- 
ing of  purulent  or  other  flnid  from  the  smaller  bronchi  when  the  lung 
is  squeezed  near  the  cut  surface.  It  is  the  role  to  find  the  lower  lobes 
more  congested  than  the  upper. 

PKEaERVATioN  OF  THE  HsGB  AND  Bboncbi.— If  the  hings  have  been  cut,  small 
pieces  from  the  aiTecl«d  portioDS  of  tuDg  tissue  or  bronclii  eboulil  be  liardened  in  Ort.h'B 
Suid.  care  being  taken  not  to  squeeze  or  handle  llietn  unnecessarily.  It  is  better,  when 
ttie  microscopical  examioatiOD  is  more  imporiant  th&n  tlic  macroscopical,  not  to  open  the 
liinga  at  once,  but  to  fill  the  air  spaces  with  preservative  fluid  by  means  of  a  funnel 
attached  to  a  short  rubber  tube  and  canula,  which  is  lied  into  the  main  bronchus.  In 
this  way  not  only  are  the  minute  structures  better  preserved,  but  the  air  vesicles  are 
filled  out  and  hardened  in  an  approximately  natural  condition.  Care  should  be  taken 
not  to  have  too  great  a  pressure  from  the  inflowing  fluid,  since  then  exudations  might 
be  displaced  or  the  lung  distorted  or  ruptured.  While  the  lung  is  being  filled  it  should 
be  immersed  in  a  vessel  of  the  same  preservative  fluid,  in  which,  after  closing  the  can- 
ula  or  ligating  the  bronchus,  it  lies  for  twenty-four  hours.  It  is  then  cut  into  smaU 
pieces  and  the  hardening  completed.    A  variety  of  hardening  agents  may  be  used: 
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Orth's  fluid  or  foimalin  solution  (S  :  100)  is  on  tbe  wLolc  tbe  beat.  If,  however,  the 
luug  Is  commeDciDg  to  decay,  strong  alcohol  will  stop  the  process  most  quickly  and 
give  OS  good  results  as  are  possible  under  tbe  circuoistaaces.  Alcohol  should  be  used 
when  the  lungs  are  to  be  examined  for  bacteria. 

It  is  often  desirable,  and  particularly  in  cases  in  which  the  topography  of  lesions  is 
to  be  studied,  as  Id  acute  miliary  tuberculosis,  acute  and  chronic  phthisis,  inforctions. 
etc.,  to  inject  the  blood-vessels  with  colored  gelatin.  The  lung  should,  after  tlie  injec- 
tion, be  hardened  in  alcohol 

The  Fbarynz,  LaiTiix,  iEsopha^oB,  and  Tbyroid  Gland.— For  tbe  re- 
moval of  tliese  parts  tbe  incision  tbrougb  the  skin  should  be  carried 
npward  as  far  as  practicable — when  permissible,  to  a  point  one  incb  be- 
low the  chin,  the  head  being  allowed  to  bang  backward  over  tbe  edge  of 
the  table. 

Tbe  soft  parts  are  dissected  from  the  larjnx,  taking  care  not  to  cat 
the  thyroid  body,  and  an  incision  is  made  through  tbe  floor  of  tbe 
mouth,  following  the  internal  snrface  of  tbe  inferior  maxilla.  Through 
this  incision  tbe  fingers  are  introduced  into  the  mouth,  tbe  tongue  is  drawn 
down,  the  posterior  wall  of  the  pharynx  Is  divided  above  the  tonsils,  and 
the  tongue,  pharynx,  and  larynx  are  drawn  out  together.  These  organs 
are  then  pulled  downward,  and  with  the  aid  of  the  knife  the  trachea  and 
oesophagus  are  removed  entire,  the  oesophagus  being  cut  just  above  the 
stomach.  If  tbe  content-^  of  tbe  stomach  are  to  be  preserved,  as  in  cases 
of  suspected  poisoning,  a  ligature  is  put  around  the  oesophagus  just  be- 
low tbe  point  at  which  it  is  to  be  cut  off. 

With  tbe  enterotome  tbe  pharynx  and  (esophagus  are  now  slit  open 
upon  tbeir  posterior  surfaces.  The  mucous  membrane  tbu.s  exposed  is 
examined  for  evidences  of  caustic  poisons,  of  inflammation,  tumors, 
strictures,  varices,  etc.  Tbe  enterotome  is  next  introduced  into  the 
larynx,  and  this  organ  and  the  trachea  are  laid  open  along  tbe  posterior 
wall.  Hei"e  we  look  for  oedema  of  tlie  aryteno-epiglottidean  folds 
(oedema  of  tbe  glottis),  for  evidences  of  catarrhal,  croupous,  ulcerative, 
and  syphilitic  inflammation,  and  for  tumors  and  lesions  of  the  laryngeal 
cartilages.  (Edema  and  redne-ssof  tbe  laiyiix  may  result  from  post-mor- 
tem changes,  esi>ecially  in  bodies  which  have  been  kept  for  several  daj"8 
in  cold  weather.  A  well-marketl  teilema  glottidis  during  life  may  leave 
no  trace  after  death.  Putrefacti\e  changes  usually  commence  early  in 
the  laiynx  and  tnurhea. 

The  thyroid  gland  is  disNected  off  and  examined.  Its  weight  varies 
considerably,  being,  according  to  Kranse.'somewhat  o^er  30  grams. 

pKEPERVATios  (iv  THE  pHABYSx,  Laryk.v,  Tr.vchea,  KIT. — Tlicse  Htructures  are 
ttccil  from  superfluous  tissue  and  suspended  entiru  by  a  thread  in  a  large  quantity  of 
Orih's  fluid  or  Flemniing's  osmic-acid  mixture,  after  wbich  the  hardening  is  completed 
in  tbe  usual  vay.  Tbe  lesophagiis  should  be  slrrtched  lixisely  on  slieel  cork  with  pins. 
and  hanlened  iti  either  of  the  above  fluids.  The  thyroid  may  be  cut  into  small  pieces 
and  similarly  hardened 
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The  Abdomen. 

Setuming  now  to  the  abdominal  cavity,  we  first  dissect  off  the  omen- 
tum. Tubercles  of  the  peritoneum  may  t>e  best  seen  in  tbe  omentum. 
The  colon  is  then  raised  and  dissected  free,  to  tbe  ciecum  on  one  side  and 
to  the  rectum  on  the  other.  The  colon  and  small  intestines  are  then 
drawn  first  to  the  right  and  then  to  the  left  side,  so  as  to  expose  in  turn 
the  right  and  left  kidneys.  As  each  kidney  is  brought  into  view  an  in- 
cision 18  made  through  the  peritoneum  over  the  track  of  tbe  ureter.  The 
nreter  is  followed  through  its  entire  leugth  and  its  condition  ascertained. 

Sometimes  one,  more  rarely  all,  of  the  abdominal  visceraare  unusually 
movable,  owing  to  a  relaxation  of  their  ligamentous  or  other  supjiorts. 
This  condition — euteroptosis — is  uncommou  in  the  liver,  more  frequent 
in  the  spleen,  and  especially  so  in  the  kidneys.  It  has  beeu  occasionally 
described  in  the  stomach  aud  iutestines. 

The  Kidneys. — These  organs  are  now  removed,  tbe  peritoneum  aud 
fat  being  separated  from  them  with  the  baud,  and  the  vessels  being  di- 
vided with  the  knife.  The  adrenals,  at  the  upiwr  end  of  each  kidney, 
are  removed  at  the  same  time.  Tbe  kidneys  may  be  softeucil  by  putre- 
faction, or  the  surface  may  have  a  greenish-gray  color,  caused  by  the 
pffiit-mortem  action  of  putrefactive  gases  on  the  haemoglobin. 

An  incision  is  made  through  the  capsule,  along  the  convex  border  of 
the  kidney,  and  the  membrane  stripped  off.  We  notice  the  degree  of 
adherence  of  the  capsule  to  the  kidney,  and  also  the'surface  of  the  latter, 
whether  smooth  or  roughened,  pale,  congested,  or  mottled ;  an  incision 
is  made  along  the  convex  surface  down  to  the  peh'is,  so  that  the  organ 
is  divided  into  halves.  We  observe  the  relative  thickness  of  the  cortical 
and  pyramidal  portions,  as  well  as  tbe  size  of  the  entire  organ.  To  as- 
certain the  latter  point,  it  is  well  to  weigh  each  kidney;  the  normal 
weight  is  from  130  to  150  grams.  The  left  kidney  i,s,  according  to  Orth, 
from  5  to  7  grams  heavier  than  the  right.  At  from  twenty  to  thirty-five 
years  of  age,  according  to  Thoina,  the  weight  of  the  heart  is  to  the 
weight  of  both  kidneys  as  1 : 1.1.  Tbe  weight  of  the  kidneys  of  adults  is 
given  by  Vierordt  in  general  as  about  0.48  per  cent  of  that  of  the  entire 
body. 

It  is  necessary  to  remember  that  in  a  kidney  which  is  much  atrophied 
there  may  be  an  increase  of  fat  in  the  pelvis,  which  gives  the  oi^au 
nearly  its  normal  size  and  weight,  while  the  kidney  tissue  proper  nmy 
have  in  great  measure  disappeared. 

We  now  inspect  the  kidney  tissue  more  closely,  especially  the  cortical 
portion.  Tbe  pyramids  consist  largely  of  tubes  running  in  nearly 
straight  lines  from  the  ai>ex  to  the  biise  of  each  pyramid.  These  straight 
tubes  pass  from  the  pyramids  into  the  cortex  in  bundles,  called  medul- 
larj-  rays,  many  of  them  retaining  their  straight  course  until  they  nearly 
reach  the  surface  of  the  kidney.  These  straight  tubules  send  off  bianehes 
on  all  sides  of  the  rays,  which  become  convoluted,  form  Henle's  loops, 
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and  finally  terminate  in  the  glomeruli  or  Malpighian  bodies.  lu  this 
way  the  cortex  of  the  kidney,  as  seen  in  section,  is  divided  into  alternate 
bands  of  straight  tut>es,  and  convoluted  tutws,  with  glomernli ;  both  sets 
of  bands  being  perpendicular  to  the  surface  of  the  kidney,  and  called  re- 
si>ective!y  medullary  rays  and  labyrinths.  About  the  convoluted  tubules 
and  glomeruli  is  a  rich  venous  plexus;  and  since  after  death  the  blood 
nsually  remains  in  this  plexus  and  in  the  glomeruli,  the  bands  containing 
the  convoluted  tubules,  i.e.,  the  labyrinths,  usually  appear  red,  while  the 
medullaiy  rays  are  grayish-white.  In  a  uomial  kidney,  therefore,  the 
cortex  should  be  regularly  striped  in  narrow  alternating  red  and  whitish 
bands. 

The  average  thickness  of  the  cortex  of  the  kidney  is  from  4  to  G  mm. 

If  there  be  extensive  congestion,  the  entire  cortex  is  red.  If  the  epi- 
thelium of  the  tubules  degenerates  and  fills  them  up,  or  if  there  are  con- 
siderable changes  iu  the  interstitial  tissue,  the  r^ular  bands  are  lost  and 
the  cortex  is  irregnlarly  mottled.  If  the  tubular  epithelium  becomes 
filled  with  fat  globules,  this  is  indicated  by  an  opaque  yellow  color  of  the 
affected  parts;  in  many  ca^s,  therefore,  the  existence  of  kidney  lesion 
can  be  recognized  with  the  naked  eye. 

If  waxy  degeneration  be  present  to  a  marked  extent,  it  may  be  mani- 
fest by  a  peculiar  translucent  appearance  of  the  affected  parts,  but  in 
most  cases  it  is  necessary  to  apply  reagents  to  demonstrate  it  satisfac- 
torily. The  cut  surface  of  the  kidney  is  washed  with  water,  to  free  it 
from  blood,  aud  repeatedly  brushed  with  an  aqueous  solution  of  iodine 
(iodine  1  part,  potassium  iodide  3  parts,  water  100  parts).  The  glo- 
meruli and  the  blood-vessels  are  most  frequently  affected,  and,  if  so,  they 
may  appear  as  mahogany -colored  dots  and  lin&q  on  a  yellow  ground. 

But  this  reaction-is  not  constant,  and  for  accurate  detection  of  amyl- 
oid substance,  recourse  should  be  had  to  other  reagents  applied  to  sec- 
tions of  the  hardened  tissues  (see  page  83). 

The  ijelvis  of  the  kidney  should  be  examined  for  iufianunatoiy  lesions 
and  calculi.  Sometimes  a  whitish  fluid  is  seen  iu  the  pelvis  aud  can  be 
squeezed  from  the  papillre;  this  is  produced  by  a  postmortem  desqua- 
mation of  the  epithelium,  but  is  likely  to  be  mistaken  for  pus. 

Preservation  op  the  Kibnet.— If  the  kidney  be  not  opened,  the  blood-vessels 
niay  be  injected  through  the  renal  artery,  slowly  tmd  under  a  low  pressure,  with  Orth's 
fluid  or  Flemming's  osmic-neid  mixture.  After  tbe  vessels  are  filled  vritb  either  of  the 
above  fluids  the  fonner  are  tied,  and  the  entire  organ  is  placed  in  a  targe  quantity  of  the 
injecting  fluid  for  twenty-four  hours.  The  kidney  is  then  cut  into  amall  pieces,  aud 
the  hardening  is  completed  in  the  usual  way. 

In  most  cases,  however,  the  kidneys  will  liave  been  opened  for  inspection  at  the 
autopsy.  Then  small  pieces  are  removed  from  the  various  regions  and  hardened  in  the 
above  fluids. 

Kidneys  which  are  to  bo  examined  for  the  presence  of  bacierio  should  be  cut  into 
small  pieces  and  placed  at  once  in  strong  alcohol,  which  sliould  be  changed  once  or 
twice,  and  iu  wliioh  they  are  pcrmnnenlly  preserved. 

The  AdrenalB — Suprarenal  Capsulei. — These  are,  iu  the  fcstus,  of  an 
ovoidal ;  in  the  adult,  of  a  triangular  shape.     They  are  situated  at  the 
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npper  and  inner  border  of  the  kiduey,  to  wliieli  they  are  loosely  attached 
by  ctinnective  tissue.  On  the  anterior  surface  is  an  irregular  fissure, 
called  the  hilus,  from  which  the  veins  emerge.  The  size  of  the  adreuals 
varies  considerably,  but  in  the  adult  the  average  A'ertical  diameter  is  from 
3.2  cm.  to  4.5  cm.,  the  transverse  diameter  about  3.2  cm.,  and  tliey  are 
from  4.2  mm.  to  6.4  mm.  in  thickness.  They  weigh  io  the  adult  4  to  8 
grams.  They  are  relatively  lai^r  in  children  than  in  adults.  They  are 
composed  of  a  cortical  aud  a  medullary  portion,  the  cortex  forming  a  yel- 
lowish shell  around  the  dark-red  or  brown  medulla.  They  are  enclosed 
in  a  connective-tissue  capsule,  from  which  fibrous  processes  extend  in- 
ward, dividing  the  gtaud  into  a  series  of  irregular  chambers.  Those  in 
the  cortex  are  mostly  elongated,  giving  this  portion  a  striated  appear- 
ance, while  those  in  the  medulla  are  polyhedral.  It  is  in  these  spaces 
that  the  parenchyma  cells  lie.  The  adrenals  readily  decompose ;  the 
iuner  layer  of  the  cortex  may  soften  and  break  down,  so  that  the  outer 
zoue  forms  a  sort  of  cyst  filled  with  reddish-brown  broken-dowu  sub- 
stance. Hypertrophy,  tuberculosis,  and  cheesy  d^eneration,  fatty  de- 
generation, and  tumors  are  to  be  looked  for. 

Prbsebvatios. — The  adrenals  should  be  hardened  in  Ortli's  fluid,   or  in  strong 

alcoliol. 

The  Spleen. — This  oi^n  has,  when  removed  from  the  body,  the  gen- 
eral shape  of  a  flattened  ellipsoid,  most  cun-ed  ou  its  external  and  pos- 
terior surface.  It  is  situated  in  an  oblique  position  on  the  left  side  of 
the  stomach,  and  between  its  cardiac  end  and  the  diaphragm.  The 
vessels  are  given  ofif  from  its  inner  surface,  which  is  crossed  by  a  more 
or  less  well-marked  vertical  ridge.  The  point  of  emei^euce  of  the  ves- 
sels is  called  the  hilus.  Its  long  diameter  extends  from  the  seventh  inter- . 
costal  space  to  the  eleventh  rib.  Its  upper  portion  is  separated  from  the 
ribs  by  the  lungs ;  its  lower  portion  by  the  diaphragm. 

It  is,  according  to  Vierordt,  on  the  average,  from  12  to  13  cm.  long; 
from  7  to  8  cm.  broad,  and  about  3  cm.  thick.  Its  average  weight  is 
about  171  grams.  The  dimensious  of  the  spleen  as  given  by  Krause  are 
somewhat  greater  than  the  above.  But  its  measurement  and  weight 
vary  considerably  within  the  limits  of  health.  It  is  in  these  respects 
the  most  variable  oi^an  in  the  body.  In  old  age  the  average  weight 
gradually  diminishes. 

The  spleen  is  enclosed  in  a  fibrous  capsule  covered  with  peritoneum. 
The  parenchyma  is  formed  of  blood-vessels  aud  fibrillar  connective  tissue, 
aud  of  a  soft,  dark-red  pulp  in  which  are  embedded  whitish  spheroidal 
or  elongated  bodies,  the  glomeruli,  or  Malpighian  bodies.  In  the  normal 
human  spleen  the  glomeruli  are  usually  hai-dly  perceptible  to  the  naked  ' 
eye,  but  sometimes  they  are  very  plain.  Sometimes  the  fibrous  stroma 
is  very  apparent,  sometimes  not. 

The  size,  consistence,  and  color  of  the  organ  vary  a  good  deal  within 
normal  limits;  it  may  soften  in  decomposition.  Thickenings  of  the  cap- 
sule and  abnormal  adhesions  are  very  common,  and  often  occur  without 
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any  cliDical  history  indicating  disease.  We  shonld  look  for  changes  in 
size,  color,  and  hardness;  for  pigmentation,  hyperplasia  of  the  connec- 
tive tissue,  amyloid  d^eueratiou,  tubercles,  and  infarctions. 

Not  infrequently  one  or  more  spheroidal  or  flattened  so-called  acces- 
sory spleens  are  found  in  the  vicinity  of  the  spleen ;  they  vary  in  size 
from  that  of  a  pea  to  that  of  a  walnut. 

Preservation. — In  certain  diseases  of  the  pulp,  leukaemia,  leucocythaemla.  etc.,  the 
tissue  should  be  teased,  when  fresh,  in  one  ■  half -percent  salt  solutiou,  or  examiued  by 
the  staining  methods  described  under  the  lesions  of  the  blood.  For  general  purposes 
small  pieces  of  tiie  organ  ore  hardened  in  Orth's  fluid,  Flenuning's  osmic-acid  mixture, 
or  in  alcohol. 

The  InteatineB. — The  rectum  is  divided,  the  intestine  seized  -with  the 
left  hand,  and,  lieing  kept  stretched,  is  separated  from  its  attachments 
by  repeated  incisions  through  the  mesentery  close  to  the  gut,  until  the 
duodenum  is  reached,  where  the  intestine  is  again  cut  off.  The  opei'a- 
tiou  is  more  cleanly  if,  before  dividing  the  gut,  ligatures  are  placed 
around  it  at  either  end.  The  entire  length  of  the  gut  is  aow  laid  open 
with  the  euterotome  along  the  mesenteric  attachment,  the  mucous  mem- 
brane is  cleaned  with  a  stream  of  water  and  then  examined. 

In  cases  of  suspected  poisoning,  a  ligature  should  be  placed  around 
the  rectal  end  of  the  gut  and  two  around  the  duodenal  end,  and  it  should 
then  he  cut  off  below  the  former  and  between  the  latter  ligatures.  The 
gut  is  now  opened  and  the  contents  are  emptied  into  a  clean  glass  jar  for 
delivery  to  the  chemist,  care  being  taken  that  they  be  not  allowed  to 
touch  anything  but  the  inner  surface  of  the  jar.  After  washing  the  in- 
testine in  pure,  fresh  water  and  examining  it,  it  should  be  placed  entire 
in  another  clean  jar  and  the  jar  sealed. 

Cadaveric  lividities  are  very  common  in  the  intestines,  and  are 
usually  most  marked  in  the  dependent  portions.  They  are  apt  to  occur 
in  patches,  but  may  be  diffuse  and  very  extensive.  If  the  wall  of  the 
gut  be  stretched,  they  are  often  seen  to  be  discontinuous,  owing  to  the 
pres.sure  of  the  blood  from  the  parts  which  are  squeezed  by  folds.  Small 
patches  of  arboi-escent  or  diffuse  red  staining  are  often  seen,  foi-med  by 
the  imbibition  from  the  vessels  of  decomposing  hiemoglobiu.  In  the 
more  advanced  stages  of  decomposition  the  mucosa  may  be  softened  and 
loosened.  A  dark  purple  or  brownish  discoloration  of  the  entii'e  intes- 
tinal wall  is  frequently  seen,  either  diffuse  or  in  patches.  Much  experi- 
ence and  careful  observation  are  requisite  in  formii^  acorrect  judgment 
regarding  the  significance  of  changes  of  color  in  the  intestines.  Caution 
is  necessary  in  distinguisliing  normal  digestive  hypeneraia  from  abnor- 
mal  congestion.     A   very  considerable  congestion   may  exist  without 


The  lesions  ordinarily  to  be  looked  for  are  catarrhal,  croupous,  and 
ulcerative  inflammations,  perforation.s,  hiemorrhages,  strictures,  tumors, 
amyloid  degeneration,  swelling  and  ulceration  of  the  solitary  follicles 
and  Peyer's  patches,  and  pigmentation.     For  the  detection  of  amyloid 
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d^^neration  of  the  mucosa  this  structure  should  be  carefully  washed 
and  brushed  with  a  solution  of  iodiue  (see  p.  28). 

Prkbehvatiob.— For  the  general  purposes  of  microscopic  study,  poTtionsof  the  gut 
should  be  gently  stretched  on  Cork  (the  mucosa  side  free)  and  liatdened  in  Ortb's  fluid 
or  in  Flemtning's  osmic-acid  mixture. 

For  obvious  reasocs  the  mucous  membrane  should  be  haudled  as  little  as  possible, 
for,  in  the  majority  of  cases,  decomposition  aod  sofCauiog  have  already  set  in  at  the 
time  of  the  autopsy,  and,  under  the  most  favomble  conditions,  the  epithelium  la  very 
easily  rubbed  off. 

In  cases  in  which  the  most  perfect  preservation  of  the  topographical  features,  as 
'well  as  the  minut«  structure  of  the  iuiestiual  mucosa,  is  desired,  even  at  the  expense  of 
AD  inspection  of  the  fresh  tissue,  another  mode  of  procedure  is  to  be  recommended. 
Selected  segments  of  the  gut  are,  after  removal  from  the  body,  allowed  to  remain  un- 
opened on  the  table  while  ligatures  are  tied  around  the  ends.  The  isolated  segments, 
or  the  whole  gut.  are  now  to  be  moderately  filled — not  distended — with  one  of  the 
above  fluids  by  means  of  a  syringe  with  a  needle  canula;  or  one  end  of  the  segment 
may  be  tied  and  the  fixative  introduced  through  a  funnel  at  the  other,  which  end  is  then 
ligated.  The  segments  to  be  preserved  should  now  be  placed  unopened  in  the  fixative 
solution.  Atier  twenty-four  hours  they  may  be  opened  with  scissors  or  a  sharp  knife, 
cut  into  suitable  pieces,  and  kept  permanently  in  eighty- per-cent  alcohol. 

The  stomach  and  Dnodennm. — We  uow  introduce  the  enterotome  into 
the  duodenum  at  its  transverse  portion,  and  open  it  on  the  convex  border. 

When  the  pylorus  is  reached  the  incision  is  carried  obliquely  over  to 
the  greater  curvature  of  the  stomach,  along  which  it  is  extended  as  far  as 
the  cesophageal  opening,  and  the  organ  examined  in  situ ;  or,  if  a  more 
careful  examination  of  the  stomach  is  called  for,  after  ascertaining 
whether  or  not  the  hile  duct  is  pervious  (see  below),  the  duodenum  and 
stomach  may  be  removed  together,  and  the  stomaeh  opened  and  examined 
on  the  table.  Alterations  in  size  and  form,  the  presence  of  tumors, 
nlcers,  etc.,  may  now  be  sought  for. 

If  poisoning  be  suspected,  a  ligature  should  have  been  placed,  earlier 
in  the  examination  (see  above),  around  the  lower  end  of  the  cesophagus 
and  the  duodenum.  The  stomach  and  duodeniuu  are  now  removed  to- 
gether unopened.  They  are  to  be  opened  in  a  carefully  cleansed  glass 
jar,  and  after  an  inspection  of  the  mucous  membrane  and  the  contents 
with  the  naked  eye  and  a  hand  lens,  stomach,  duodenum,  and  contents 
are  to  be  sealed  in  the  jar  for  the  chemist. 

We  now  look  for  the  orifice  of  the  bile  duct,  which  will  be  found 
about  the  middle  of  the  descending  portion  of  the  duodenum  on  its  cou- 
cave  border.  Pressure  on  the  gall  bladder  or  on  the  common  duct  will 
usually  cause  the  bile  to  flow  into  the  intestine  if  the  dncta  are  i)ervious. 
But  a  sufficient  degree  of  stoppage  may  exist  in  the  ducts  to  give  rise  to 
marked  symptoms  of  disease,  without  preventing  the  flow  of  bile  under 
these  conditions,  even  with  a  moderate  pressure.  A  long  director  is  now 
passed  into  the  gall  duct,  which  is  laid  completely  open ;  ulcerations, 
cicatrices,  gall  stones,  inflammatory  lesions,  and  tumors  are  looked  for. 
In  stricture  of  the  gall  duct  the  mucous  membrane  above  will  often  be 
found  bile-stained,  while  below  it  is  colorless.     At  this  point,  should 
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there  be  auy  special  reason  for  doiug  so,  the  portal  vein,  which  lies  close 
behlDd  the  ductus  choledochus,  should  be  opened  and  examined  for  peri- 
phlebitis, phlebitis,  aod  thrombosis.  The  mucous  membranes  of  the 
duodenum  aud  stomach  are  uow  examined.  Acute  inflammatiou  from 
caustic  poisons,  chronic  catarrhal  iDflammatious,  bsemorrhages,  ulcers, 
erosions,  swelling  of  the  solitary  follicles  (lymph  nodules),  and  tumors 
are  lesions  most  frequently  seen.  We  sometimes  find  a  diffuse  congestion 
of  the  stomach,  similar  to  that  produced  by  irritant  poisons,  as  a  result 
of  doses  of  crotou  oil  given  just  before  death. 

Preservation,— The  same  methods  should  bv  iisetl  as  for  Uie  iDtcstines  (see  above). 
Tumors  should  be  cut  into  small  pieces  and  hardened  iu  Onh's  fluid  or  five-per-ccDt 
formalin. 

The  Liver. — To  remove  the  liver,  the  diaphragm  is  first  divided  on 
one  side  of  the  suspensory  ligament  as  far  back  as  the  spine ;  the  suspen- 
sory ligament  is  then  divided;  then  the  right  and  left  lobes  being  in  turn 
raised,  the  lateral  ligaments  are  severed.  Then,  the  left  lobe  being  seized, 
the  organ  is  dragged  obliquely  downward  into  the  abdominal  cavity,  the 
remaining  attachments  being  di&sected  away.  The  liver  is  first  laid  on 
its  superior  surface  and  the  gall  bladder  and  its  contents  are  examined. 
The  character  of  the  gall  is  to  be  determined,  aud  gall  stones,  inflam- 
matory lesions,  aud  tnmora  are  to  be  sought  for.  To  determine  the 
actnal  size  of  the  organ,  it  should  be  both  measured  and  weighed.  Its 
size  varies  greatly  iu  different  healthy  individuals,  but  in  general  it  may 
be  said  that  it  measures  from  25  to  30  cm.  trans^'ersely,  from  15.3  to  18 
cm.  ante ro -posteriorly,  and  from  9  to  12  cm.  at  its  thickest  part ;  its  or- 
dinary weight  is  between  1.550  and  1,860  grams.  In  children  its  weight 
relative  to  that  of  the  body  is  greater  than  in  adults.  The  liver  is 
increased  in  size  aud  weight  during  digestion  and  by  congestion  from 
any  cause. 

The  convex  surface  of  the  right  lobe  of  the  liver  not  infrequently 
shows  several  grooves  running  from  front  to  back,  approximately  par- 
allel with  the  suspensory  ligament  of  the  liver.  These  grooves,  which 
may  be  found  iu  pei-sons  of  all  ages,  are  believed  by  some  to  be  usually 
congenital,  by  othejs  to  be  the  result  of  pressure  of  the  diaphragm  aud 
the  abdominal  muscles  on  a  relaxed  atrophic  liver.  They  seem  in  any 
event  to  be  of  no  practical  importance.  On  the  other  band,  a  transverse 
groove  running  at  right  angles  to  the  axis  of  the  body  is  a  not  infrequent 
result  of  tight  lacing,  and  is  usually  associated  with  local  connective- 
tissue  thickening  of  the  capsule  and  underlying  tis.'iue  of  the  liver.  In 
this  way  the  liver  may  become  much  distorted  and  the  gall  bladder  com- 
promised. 

The  capsule  of  the  liver  is  now  examined ;  the  organ  is  theu  laid  on  its 
lower  surface  aud  several  deep  incisions  are  made  from  above  downward. 
The  color  aud  consisteuce  of  the  liver  tissue  should  be  noticed,  also  the 
distinctness  with  which  the  lobular  outlines  can  be  seen ;  whether  or  not 
the  centres  of  the  lobules  are  congested  or  their  peripheries  lighter  iu 
color  than  usual ;  the  presence  of  tumors,  tubercles,  abscess,  ecchiuococ- 
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COS,  new  connective  tissue,  and  pigmentation.     Suspected  amyloid  de- 
generation should  be  tested  for  by  iodine  solution. 

We  often  find  the  surface  of  the  liver  of  a  greenish  or  very  dark- 
brown  color ;  less  freqaently  the  same  color  extends  iuto  the  substance  of 
the  organ.  This  discoloration,  which  is  entirely  i>ost  mortem,  is,  like 
the  similar  discoloration  of  other  internal  organs,  produced  by  the  action 
of  the  gases  of  putrefaction  on  the  coloring  matter  of  the  blood. 

Pbesekvatio.'*. — Por  the  study  of  parenchymatous  degoDeratioD,  sections  of  the 
fresh  frtizen  tisBue  or  small  teased  fragments  should  be  examined  io  lialfpcr-cent  salt 
solution.  For  general  purposes  small  pieces  should  be  hardened  in  Orlli's  fluid  or  in 
formalin  solution  (5  ;  100)  or  In  alcohol.    Tumors  should  bo  ti'eated  Id  the  same  way. 

The  Pancreas. — This  organ,  of  a  light  yellowish-red  color,  is  elon- 
gated, irregularly  prismatic  in  shape,  and  flattened  autero-posteriorly ; 
the  right  end,  called  the  head,  is  broader  than  the  rest  and  lies  in  the 
concavity  of  the  duodenum.  The  remainder  of  the  oi^au,  the  body  and 
tail,  are  usually  tapering  and  He  transversely  in  the  abdominal  cavity, 
the  tail  reaching  to  the  spleen.  Its  size  and  weight  vaiy  considerably ; 
its  usual  length  is  from  15.3  to  23  cm. ;  it«breadthabout3.8to4.5cm. ;  its 
thickness  about  1,3  to  3.8  cm, ;  its  weight  is  usually  from  70  to  108  grams. 
The  organ  may  be  rounded  instead  of  dattened ;  the  head  and  tail  may 
be  disproportionately  large;  the  tail  may  be  unusually  long  or  may  be 
divided  or  curved.  The  superior  mesenteric  ai-terj'aud  vein,  which  pass 
behind  the  gland,  are  usually  partly  embedded  in  it,  -but  are  sometimes" 
completely  enclosed. 

A  longitudinal  incision  should  be  made  through  the  whole  gland, 
and  its  substance  and  duct  should  be  searched  for  calculi,  tumors,  mal- 
formations, and  evidences  of  acute  and  chronic  inflammation,  fat  necro- 
sis, and  amyloid  degeneration  of  the  blood-vessels.  The  pancreas  is 
frequently  of  a  dark-red  color  from  post-mortem  stainiug, 

Prebebvatios. — Portions  of  this  organ  should  be  hardened  iu  strong  alcohol, 
Orth's  fluid,  or  En  Flemming's  osmlc-acid  mixture. 

The  examination  of  the  thoracic  duct,  which  lies  to  the  right  and 
posterior  to  the  aorta,  may  now  be  made.  Among  the  most  important 
of  its  lesions  is  tuberculosis,  since  it  has  been  shown  that  from  a  tubei- 
culons  lesion  here  the  generalization  of  the  bacilli  not  infrequently  oc- 
curs. Intlammatorj'  lesions,  carcinoma,  partial  or  total  occlusion  from 
pressure  may  be  found. 

The  Bolar  plexus,  which  surrounds  the  origin  of  the  coeliac  axis  and 
the  superior  mesenteric  artery  and  lies  between  the  adrenals,  may  now 
be  sought.  Lesions  of  the  aemihinar  aud  other  ganglia  are  to  be  noted — 
atrophy,  pigmentation,  and  degenerations. 

The  condition  of  the  hsemolj'mph  nodes  in  the  prevertebral  fat  should 
be  ascertained  (see  p.  400). 

The  Aorta. — This  vessel  either  iw  ailu  or  after  removal  should  be 
opened  by  an  incision  exteiidiug  its  whole  length  and  continued  into  its 
larger  brandies. 
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The  Gesito-TJkinaey  Oegans. 

Th«  ICale  Oigsiu. — If  tbe  uriue  is  to  be  examined  it  maybe  drava  off 
with  a  catheter ;  or  a  vertical  iucisioo  may  be  made  into  the  bladder  just 
above  the  symphysis  pubis,  aud  some  of  the  urine  dipped  out.  The  cut 
end  of  the  i-ectum  should  now  be  grasped  with  the  left  hand  and  raised 
up,  aud  this  and  the  bladder,  prostate  gland,  etc.,  dissected  away  from 
the  pelvis,  the  kuife  being  carried  close  to  the  boue.  The  bladder  is 
now  drawn  backward  and  the  loose  tissue  close  under  the  symphysis 
pubis  cut,  Tbe  body  of  the  penis  is  then  shoved  backwai-d  within  the 
skiu  and  dissected  away  from  behind,  beneath  the  sympbj'sis,  and  finally 
cut  off  just  behind  the  glans  penis.  The  peuis  and  bladder  are  uow 
drawn  backward  and  upward,  aud  the  x>e!vic  oi^us  removed  tt^ether. 
Or,  the  penis  may  be  removed  by  sawing  away  the  bones  above  the  pubic 
arch,  and  then  dissecting  away  the  penis,  whose  root  is  thus  esposed. 

The  pelvic  oi^ns  are  then  laid  on  the  table,  the  bladder  uppermost ; 
a  loug  director  is  passed  into  the  urethra,  which  is  opened  on  its  npi>er 
surface  through  its  entire  length,  and  the  bladder  widely  opened.  lu 
the  urethra  the  presence  of  strictures,  diverticula,  ulcers,  inflammatory 
lesions,  is  to  be  noticed;  in  the  bladder  inflammatory  lesions,  hypertro- 
phies, congestion  and  ecehymosis  of  the  mucous  membrane,  hyperplasia 
aud  ulcers  of  the  lymph  uodules,  and  tumors.  The  oi^ans  are  uow 
turned  over ;  the  reclnm  is  opened  and  examined  for  varicose  veins,  hiem- 
orrhages,  ulcers,  strictures,  and  tumors.  The  prostate  gland  is  then  cut 
into  and  tbe  presence  of  calculi,  inflammatory  lesions,  hj-pertrophies, 
and  tumors  sought  for.  Lastly,  the  i-egicid<c  aeminales  are  examined,  iu 
which,  though  rarely,  we  may  find  evidences  of  tuberculous  inflammation 
and  dilatation. 

The  Tegtidea  may  be  removed,  when  necessary,  without  cutting  the 
scrotum,  by  eidargiug  the  inguinal  canals  from  within  aud  crowding  the 
glands  through  them  and  cutting  them  ofl'.  The  average  weight  of  the 
adult  testicle  with  its  epididymis  is,  according  to  Kranse,  from  15  to 
24.5  grams.  Inflammatory  lesions,  tuberculosis,  abscesses,  aud  tumors 
are  the  most  frequent  lesions, 

Pheservatio.n, — The  urethral  canal  and  bladder  maybepinpedopenand  hardened 
iu  Orth's  fluid  or  id  FlemmiDg's  osmic-acid  mixture.  The  iiroatate,  vesicuts  seniiDales, 
testicles,  and  tumors  may  be  hardened  in  the  same  fluids. 

The  Female  Organs. — The  position  and  general  condition  of  the  pelric 
organs  should  first  be  detei-miued  by  inspection.  Abnormal  adhesions 
of  the  ovaries,  broad  ligaments,  Fallopiau  tnbes,  and  uterus;  malposi- 
tions of  the  uterus;  subserous  tumors  of  the  uterus,  aud  ovarian  tumors, 
are  frequently  observed.  Hremorrhage  into  the  posterior  cul-de-sac  is 
sometimes  found.  The  uriue  should  be  collected,  if  necessary,  as  above 
directed ;  the  organs  should  be  dissected  away  laterally,  as  iu  the  male, 
care  being  taken  not  to  injure  the  ovaries  and  Fallopiau  tubes.     The 
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bladdfer  is  then  drawn  strongly  backward  aud  upward,  and  dissected 
away  from  the  symphysis  and  the  pubic  arch,  and,  the  poiut  of  the  knife 
being  carried  forward  and  downward,  the  vagina  is  cut  off  in  its  lower 
thii-d,  the  rectum  severed  just  above  the  anus,  the  remaining  attachments 
cat,  and  the  pelvic  oi^us  are  taken  out  together.  If  it  be  necessary  to 
remove  the  external  generative  oi^ns,  after  freeing  the  lateral  surfaces 
of  the  internal  oi^ns  and  the  bladder,  the  legs  are  widely  separated  and 
the  vnha  and  anus  circumscribed  by  a  deep  iucision.  The  tissues  close 
beneath  the  pubic  arch  are  now  dissected  away  from  below,  and  the 
vulva  is  thrust  back  beueath  the  symphysis;  it  is  now  sei?^  above  the 
bone,  and  tf^ether  with  the  anus  dissected  away  and  removed  with  the 
other  oi^us. 

The  Madder  is  first  opened  and  examined.  The  vuh-a  may  now  be 
examined  for  hypertrophies,  inflammatory  lesions,  ulcers,  cicatrices, 
cysts,  and  tumors.  The  vagina  is  opened  along  the  anterior  surface ;  its 
more  common  lesions  are  inflanunations,  fistulfe,  ulcers,  tumors,  and 
rarely  cysts. 

The  Vtervs. — Before  opening  this  oi^n  its  size  and  shape  should  he 
determined.  The  adult  vii^u  uterus  is  a  pear-shaped  body,  flattened 
autero-posteriorly ;  the  upper  portion,  or  body,  is  directed  upward  and 
forward,  while  the  lower  portion,  the  cervix,  is  directed  downward  and 
backward.  It  is  covered  anteriorly  by  peritoneum  to  a  point  a  little 
below  the  level  of  the  os  internum ;  posteriorly,  to  a  point  a  little  below 
the  level  of  its  junction  with  the  vagina.  The  peritoneal  investment 
separates  from  the  orgau  at  the  sides  to  fonn  the  broad  ligaments.  The 
nterus  is  held  in  position  by  the  broad  and  round  ligaments  and  by  its 
attachments  to  the  bladder  and  rectum  and  vagina.  The  upi>er  end, 
the  fundus,  does  not  extend  above  the  level  of  the  brim  of  the  pelvis. 
Its  average  length  is  about  7.6  cm.;  its  breadth  about  5.1  cm.;  its 
thickness  about  2.5  cm. ;  its  average  weight  is  about  31  to  16  grams. 
During  menstruatiou  the  uterus  is  slightly  enlarged,  the  mucous  mem- 
branes of  the  body  becomes  thicker,  softer,  and  its  vessels  are  engorged 
with  blood ;  while  its  inner  surfiice  is  more  or  less  thickly  covered  with 
blood  and  cell  detritus.  A  descriptiou  of  the  complicated  changes  iu  the 
uterus  which  pregnancy  eutails  may  be  found  iu  the  works  on  obstetrics. 
After  pr^naucy  the  uterus  does  uot  return  to  its  original  size,  but  re- 
mains somewhat  larger;  the  os  is  wider  and  fretiuently  fissured. 

We  not  infrequently  find  in  the  mucous  membrane  of  the  lower  iKirt 
of  the  cervix  small  transparent,  spheroidal  structures,  called  ovula 
Nabothi;  these  are  small  reteutiou  cysts  caused  by  the  closure  of  the 
orifices  of  the  mucous  glands.  The  more  common  lesions  observed  in 
the  uterus  are  malpositions,  malformations,  lacerations,  ulcerations  of 
the  cervix,  acute  and  chronic  inflammation  of  the  mucons  membrane  or 
muscnlaris,  or  both,  thromt>osis  and  inflammation  of  the  veins,  and 
tumors. 

Iu  the  infant  the  uterus  is  small,  the  body  flattened,  the  cervix  dis- 
proportionately lai^.     During  childhood  the  organ  increases  in  size. 
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but  tbe  body  remaius  small  in  proportion  to  the  cenix.  At  puberty,  the 
shape  changes,  and  the  body  becomes  lander. 

The  Omries  are  flattened,  ovoidal  bodies,  situated  one  on  each  side, 
aud  lying  nearly  horizontally  at  the  back  of  the  broad  ligament  of  tbe 
uterus.  Their  size  is  variable,  and  they  are  usually  largest  in  the  virgin 
state.  They  measure  about  3.8  cm,  in  leugth,  1.9  cm.  in  breadth,  and 
nearly. 1.. 3  cm.  in  thickness.  Their  average  weight  is  from  3.9  to  6,5 
grams.  The  sides  of  the  ovary  and  its  posterior  border  are  free ;  it  is 
attached  along  the  anterior  twrder;  to  its  end  is  attached  the  ovarian 
ligament ;  to  its  outer  extremity  one  of  the  fimbriae  of  the  Fallopian  tube. 
The  ovarj'  is  covered  on  its  free  surface  by  cylindrical  epithelium,  and 
its  surface  is  less  glistening  than  the  genei-al  peritoneum.  The  surface 
of  the  ovary  is  smooth  in  the  young,  but  become  rougher  and  depressed 
in  spots  as  the  process  of  ovulation  goes  on.  In  adnlt  females  we 
usually  find  corpora  Uitea  in  their  various  stages.  We  should  seek  for 
evitleuces  of  acute  and  chronic  inflammation,  for  tumors  aud  cysts. 

The  Fallopian  Tubes,  lying  in  the  upper  margin  of  the  broad  liga- 
ments, are  from  7.(i  to  10  cm.  in  leugth.  The  leugth  often  differs  con- 
siderably on  the  two  sides.  They  commence  at  the  upper  angles  of  tbe 
uterus  as  small  perforated  cords,  which  become  larger  further  outward 
and  bend  backward  and  downward  towai-d  the  ovary.  They  tenninate 
in  an  expanded  fimbriated  exti-emity  about  2..5  cm.  beyond  the  ovary. 
They  are  covered  by  peritoneum,  and  tbe  mucous  membrane  lining  them, 
continuous  with  that  of  tbe  uterus,  is  thrown  into  longitudinal  folds. 
Malpositions  by  adhesions,  closure,  inflammations,  and  cysts  are  tbe 
more  common  lesions.  Tbe  iKtssibility  of  tubal  pregnancy  should  be 
borne  in  mind. 

Preservation", — All  of  these  organs  and  Ihdr  tumors  may  be  hardened  in  Oriiis 
fluid,  or  iDFleminiag'Hustnic-add  mixture.  The  vagina  sbould  be  strttchtd  flat  on  cork, 
and  the  cavity  of  the  uterus  laid  wide  open,  Orcxt  care  stiould  be  taken  not  to  tmtrli 
either  Ihe  Internal  surface  of  the  uterus  or  the  external  surfaces  of  the  ovaries,  since 
In  both  the  epithelium  is  very  easily  rubber)  off. 

It  is  better,  after  opening  them  by  a  transverse  incision,  to  Busi>end  the  ovaries  by 
a  thread  in  a  jar  of  tbe  preservative  fluid  than  to  let  them  lie  on  the  bottom,  since  the 
epithelium  is  tluis  less  likely  to  be  rubliod  off.  Larger  cysts  of  the  ovary  for  exhibition 
purposes  should  be  distended  with  preservative  fluid  (sec  page  61). 

The  Closure  of  the  Body  after  the  Post-Mortem 
Examination. 

At  the  end  of  the  autopsy  tbe  body  should  be  restored  as  nearly  as 
possible  to  its  natural  external  appearance. 

Fluids  should  be  removed,  vacant  spaces  filled  with  absorbent  mate- 
rial, such  as  cotton,  jute,  or  sawdust,  and  the  incisions  closed  bysutui'es. 
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Bacterial  Examination  of  Fost-Mortem  SpecimenB. 

It  is  often  important  to  make  a  thoroagh  post-mortem  esamitiatioii 
by  cultures  as  well  as  morpliologically  of  the  blood  aud  of  all  the  vis- 
cera. This  is  important  not  only  iu  those  cases  which  during  life  gave 
clinical  evidence  of  general  infection,  bat  also  in  many  forms  of  disease 
whose  nature  is  still  wholly  obscure. 

In  the  interpretation  of  the  results  of  all  such  examinations,  however, 
it  should  be  borne  in  mind  that  after  death  a  new  distribution  of  germs 
may  occur,  and  that  from  the  gastrointestinal  canal  and  from  other  sur- 
faces or  cavities  of  the  body  micro-organisms  may,  as  decomposition 
progresses,  penetrate  the  tissues  and  the  viscera. 

A  careful  consideration  of  the  general  conditions  under  which  the 
bo<1y  has  been  kept  aud  its  state  of  decomposition  is  of  especial  imi>or- 
tance  in  the  interpretatiou  of  the  significance  of  the  Bacillus  coli  com- 
mnnis,  which  is  always  present  in  such  enormous  numbers  in  the  intes- 
tinal canal,  and  which  is  not  only  apt  to  effect  wide  distribution  iu  the 
body  after  death,  but  as  a  result  of  careless  manipulation  is  likely  to  be 
accidentally  brought  in  contact  with  other  viscera  after  the  opeuing  of 
the  gnt.  The  preparation  of  cover  slips  for  staining  and  the  making  of 
cultures  is.  as  a  rule,  best  done  at  the  autopsy  table. 

It  is  well  as  each  organ  is  exiKtsed — commencing  with  the  heart — to 
sear  the  surface  of  the  organ  to  be  examined  with  a  broad-bladed  knife 
heated  over  a  flame,  and  then,  making  au  incision  through  the  seared 
surface  with  a  sterilized  scalpel,  to  press  a  sterilized  cotton  swab  (see 
p.  l.'JS)  into  the  opeuing  aud  absorb  the  juices  which  exude,  or  to  pick 
out  a  small  fragment  of  the  solid  tissue  from  the  depths  of  the  opening, 
or  to  secure  some  of  the  blood  or  fluid  on  a  sterilized  platinum  loop; 
and  then  with  the  material  thus  procured  make  the  re<iuircd  cultures 
and  afterward  the  cover-slip  smears  for  staiuiug. 

If  it  be  necessary  to  transport  the  material  to  the  laboratory  before 
making  cultures,  it  is  well  to  reserve  the  unopened  oi^ns,  or  large  por- 
tionsof  these  iu  the  case  of  the  solid  viscera,  aud  to  wrap  each  separately 
in  a  cloth  saturated  with  sublimate  solution,  or  to  put  each  iu  a  separate 
sterile  receptacle  for  transportation. 

It  is  well  to  remember  that  iu  the  last  hours  of  life  the  safeguards 
of  the  body  against  the  entrance  aud  growth  of  micro-organisms  may 
be  ineffective,  so  that  the  determination  of  the  significance  of  bacteria 
in  (he  tissues  a  short  time  after  death  requires  care  and  experience.' 

Autopsies  in  Medico-Legal  Cases. 

^Vhile  every  autopsy  should  be  made  as  carefully  and  completely 
as  circnmstauces  permit,  it  should  be  always  borne  in  mind  that  iu 
examinations  which  may  have  metlico-legal  bearings  it  is  of  the  highest 

'  For  details  of  bacterial  flom  of  the  hiinian  body,  see  references  pp.  5  and  IGS, 
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importance  to  examine  thoroughly  both  macroscopically  and  microecop- 
ically  every  part  of  the  body  from  wliicb  light  may  be  derived  as  to  the 
cause  of  death,  for  in  medico-legal  cases  it  is  not  infrequently  as  impor- 
tant to  be  able  by  a  complete  examination  to  declare  the  absence  of  le- 
sions which  coald  cause  death  as  to  determine  the  presence  of  those  upon 
which  the  opinion  as  to  the  actual  cause  of  death  in  a  particular  case 
rests.  Bearing  this  tu  mind,  the  technique  of  autoi>sy-making  is  essen- 
tially the  same  whatever  the  ends  which  the  facts  elicited  may  be  des- 
tined to  serve. 

Autopsies  in  Cases  of  Suspected  Poisoning. 

In  cases  of  suspected  poisoning  which  may  possibly  have  a  medico- 
legal bearing,  the  examination  should  t>e  made  with  extreme  care  and 
thoroughuess.  The  inspection  of  the  body  and  the  examiuatlon  of  all 
the  viscera  should  be  thorough  and  detailed.  Every  appearance  should 
■  be  noted  at  the  time,  and  nothing  left  to  the  memory.  It  ia  well  to  have 
an  assistant  record  the  observations  as  they  are  made.  The  disposition 
of  the  parts  and  oi^ns  in  jara  should  also  be  noted  at  the  same  time. 

It  is  important  to  remember  that  many  poisons  destroy  life  without 
producing  appreciable  lesions,  and  also  that  many  eases  of  sudden  death 
occur,  not  due  to  poisons,  and  without  any  discoverable  cause. 

In  bodies  which  are  exhumed  for  examination,  the  tissues  may  be  so 
changed  by  decomposition  that  it  is  itnpossible  to  say  whether  lesions 
have  or  have  not  existed.  In  such  cases  the  caref  nl  and  separate  preser- 
vation of  the  viscera  aud  other  parts  for  chemical  examination,  is  often 
all  that  can  be  done. 

It  is  always  best,  in  cases  of  suspected  poisoning,  to  preser\e  for  the 
chemist  not  only  the  stomach  aud  iutestiues,  but  the  entire  liver  and 
brain ;  or,  if  only  portions  of  these  can  be  saved,  these  portions  should 
be  carefully  weighed,  as  well  as  the  entire  organs,  and  the  relative 
amount  of  tissue  resened  carefully  noted  at  the  time.  It  is  even  well, 
particularly  in  cases  in  which  the  administration  of  the  readily  diffusible 
poisons,  such  as  arsenic,  strj'chnia,  etc.,  is  suspected,  to  preserve  the 
whole  of  all  the  internal  oi^ns,  together  with  a  large  piece  of  ninscle 
and  bone ;  since  with  lai^e  quantities  of  tissue  the  results  of  the  chemi- 
cal analysis  depend  less  upon  calculations,  and  are  hence  more  compre- 
hensible to  the  average  jury.  In  all  such  cases  jars  should,  if  possible, 
be  procured  which  have  never  been  used  before,  ajid  these  should  be 
carefully  washed  and  linsed  with  distilled  water.  They  should  have 
glass  stoppers  aud  Ire  sealed  at  once  and  carefully  labelled  before  leaving 
the  hands  of  the  operator.  If  they  can  be  delivei-ed  to  the  chemist  with- 
out much  delay,  no  preservative  fluid  should  be  added.  If  they  are  to 
t>e  kept  for  a  considerable  time,  pending  the  action  of  a  coroner's  jury 
or  for  some  other  reason,  a  small  quantity  of  pure  strong  alcohol  may 
be  poured  over  them.  In  this  case  the  operator  should  be  particular  to 
preserve  a  quautity,  at  least  half  a  pint,  of  the  specimen  of  alcohol  used. 
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in  a  clean,  sealed,  and  labelled  bottle,  80  that  this  may  be  tested  by  the 
chemist  aad  be  proven  to  be  free  from  the  poisou.  It  is  better  In  all 
cases,  however,  to  avoid,  if  possible,  the  use  of  alcohol.  In  all  autop- 
sies vhich  may  have  medico-legal  importance  full  notes  should  be  taken 
by  an  assistant  as  theoperatiou  proceeds,  carefully  read  over  immediately 
afterward  and  dated,  and  kept  by  the  operator  for  future  reference. 
The  labelling  and  disposition  of  the  jars  should  t>e  recorded  iu  the  notes. 
The  specimens  should  not  for  a  moment  be  out  of  the  sight  of  the  oper- 
ator until  they  are  placed  under  lock  and  key  and  seal,  or  are  delivered 
to  some  authorized  person,  so  that  there  may  t>e  no  question  of  their 
identity  should  the  case  come  into  court. 

Examination  of  the  Bodies  of  Hew-bom  Ohildren.* 

In  examining  the  bodies  of  newborn  cbildren,  we  may  havv  to  delermiDe,  besides 
the  onlinarj-  lesions  of  disoase,  the  age  of  tlie  child,  whether  it  was  born  alive,  how  long 
it  has  bpeQ  dead,  what  was  the  cause  of  death. 

Size,  AoE.  AND  Characters  OF  THE  Nkw-born  Child.— The  fresh  corpse  of  a  new- 
born child  Bt  term  no  longer  resembles  that  of  the  immature  fa;tus.  The  skin  is  firm 
and  pale,  like  that  of  an  adult.  The  lanugo  has  disappeared  except  on  the  shoulders. 
In  the  majority  of  cases  the  hair  on  the  head  is  1.5  to  2  cm.  long.  The  great  fontanelle 
is.  in  the  average.  2  to  3  cm.  long.  As  determined  by  an  analysis  of  661  cases,  the  aver- 
age length  is  50  cm.  the  weight  3,256  grams.  The  nails  arc  hard  and  reach  to  the  tips 
of  the  lingers,  but  not  to  thoscof  the  toes.  The  cartilagesof  the  cars  and  noseare  hard. 
The  labia  are  more  nearly  closed.  An  ossificaUon  centre  in  the  lower  epiphysis  of  the 
femur  should  be  sought  for,  as  its  presence  is  one  of  the  most  reliable  signs  of  the  ma- 
turity of  the  fcctus.  If  it  is  absent,  the  fcetus  is,  as  a  rule,  not  more  than  thirty -seven 
weeks  old ;  but  iu  rare  cases  it  may  be  absent  at  term.  A  centre  of  ossification  1  mm. 
in  diameter  indicates  an  age  of  87  to  88  weeks,  if  the  child  was  bom  dead  or  died  soon 
after  birth.  Rarely  it  is  no  larger  than  this  at  term.  A  diameter,  at  birth,  of  1.5  to  9 
inm.  indicates  an  age  of  40  weeks.  A  diameter  of  more  than  9  mm.  Indicates,  as  a  rule. 
that  the  child  has  lived  some  time  after  its  birth :  a  less  diameter  than  T  mm. ,  however, 
does  not  prove  the  contrary. 

Tirrntg-four  hours  after  the  birth  of  the  ehild  the  skin  is  firmer  and  paler.  The  um- 
bilicitl  cord  is  somewhat  shrivelled,  although  still  soft  and  bluish  in  color.  Prom  the 
teeoiid  to  the  third  day  the  skin  has  a  yellowish  tinge  and  the  cuticle  sometimes  appears 
cracked.  The  timbilical  cord  is  brown  and  dry.  From  the  third  to  the  fourth  day  the 
skin  Is  yellower,  and  the  cuticle  is  apt  to  separate  from  the  skin.  The  umbilical  cord 
is  of  a  iirownish-red  color,  flattened,  semi -transparent,  and  twisted.  The  skin  around 
its  insertion  is  red  and  congested. 

General  iNsPBTTios.-^Tbe  head  should  be  examined  for  the  marks  of  injuries. 
Very  commonly  some  portion  of  the  scalp  will  be  found  swollen  and  infiltrated  with 
blood  and  serum.  This  may  Iw  the  eiiput  miceedaneum  formed  during  delivery.  Tiie 
mouth  and  nose  should  be  examined  tor  the  presence  of  foreign  bodies  which  might 
have  caused  suffocation. 

The  neek  should  be  examined  for  marks  of  strangulation.  The  umbilical  cord  may 
be  twisted  around  the  child's  neck  and  strangle  It.  The  mark  left  by  the  cord  is  usu- 
ally  continuous,  broad,  not  excoriated,  sometimes  accompanied  by  ecchymoses  in  the 
skin. 

The  surface  of  the  body  should  be  examined  for  the  presence  of  vemix  caseosa, 

■Tbehumanembryo.  according  to  the  estimate  of  Bit,  measures  in  length  approxi 
mately  at  4  weeks  from  7-tj  nini. ;  at  5  weeks  13  mm. ;  at  the  eod  of  the  second  montli 
25-38  mm.  S/irOder  estimates  the  approximate  length  of  the  fcBtus  at  later  lunar 
months  as  follows:  3rd,  70-90  mm, ;  4th.  100-170  mm. ;  5th,  180-270  mm. .  6th  280-340 
mm. :  7th,  35fr-a80  mm. ;  8th.  42r,  mm, ;  flth.  467  mm. ;  10th  490-500  mm.  Consult  for 
further  data  McMurricb,  The  Development  of  the  Human  Body,  1908,  p,  108,  Bibl, 
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blood,  marks  of  injury,  and  tlic  existence  of  putrefaction.  It  sbould  be  remecibereO 
that  putrefaction  is  apt  to  commence  earlier  in  the  bodies  of  young  children  than  in 
those  of  adults. 

Thi  vmbilMit  eord  may  be  cut  or  torn.  It  usually  separates  by  the  fifth  day,  some- 
limes  not  until  the  tenth.  If  the  umbilicus  is  cicatrized  and  healed,  the  child  baa  prob- 
ably lived  for  three  weeks.  A  zone  of  redness  around  the  Insertion  of  the  cord  may  ex- 
ist previous  to  birth.  Redness  and  swelling  (which  may  disappear  after  death)  with 
suppuratioD  can  be  foimd  only  in  a  child  which  has  lived  for  several  days.  Thedryini^ 
and  mummiScation  of  the  cord  may  take  place  as  well  in  dead  as  in  living  children. 
It  is  possible  for  a  child  to  die  by  hfemorrhage  from  &  cut  or  lorn  cord,  cither  before  or 
after  it  has  breathed.  The  umbilical  vessels  ^ould  be  examined,  as  they  may  be  the 
seat  of  umbilical  infection. 

The  extremities  may  exhibit  fracture  of  the  bones.  These  may  occur  during  intra- 
uterine life,  from  injuries  to  the  woman  or  from  unknown  causes;  or  may  be  produced 
by  violence  in  delivery,  or  by  injuries  after  birth. 

Internal  Examination.— 7'Ae  //*arf.— The  fontanclles  and  sutures  should  first  be 
examined  as  to  their  size  and  for  penetrating  wounds.  An  incision  should  then  be  made 
through  the  scalp  across  the  vertex,  and  the  flaps  turned  backward  and  forward  as  in 
the  adult.  With  a  small  knife  the  edges  of  the  bones  should  be  separated  from  the 
membranous  sutures  and  the  dura  mater,  beginning  low  down  in  the  frontal  and  going 
back  into  the  lambdoidal  suture  on  either  side.  The  bones  are  then  drawn  outward  and 
cut  through  around  the  skull  with  strong  scissors.  The  brain  is  removed  and  exaniined 
as  in  the  adull.' 

Effusions  of  blood — cephalhKmatoma^may  be  formed,  soon  after  birth,  between 
the  pericranium  and  bone,  or,  more  rarely,  between  the  dura  mater  and  bone.  Clots  are 
also  found  between  the  dura  mater  and  skull;  between  the  dura  and  pia  mater;  more 
rarely  in  the  substanceof  thebi'ain.as  the  result  of  protracted  or  instrumental  deliveries, 
or  of  injuries  after  birth. 

The  cranial  bones  may  be  malformed,  or  exhibit  the  lesions  of  rickets  or  caries,  or 
be  indented,  fissured,  or  fractured.  These  latter  lesions  may  be  produced  during  intra- 
uterine life  by  injuries  lo  the  mother,  by  unknown  agencies,  by  difficult  deliveries,  or 
by  direct  violence  after  birth. 

In  cases  of  chronic  internal  hydrocephalus  in  young  children,  in  which  the  ventri- 
cles are  mucli  dilated  and  the  brain  substance  is  thinned  over  the  vertex,  the  brain  is  very 
apt  to  be  torn  in  removal,  and  the  amount  of  dilatation  thus  becomes  dilBcult  of  deter- 
mination. It  is,  therefore,  better  In  such  cases  to  place  a  pail  of  water  beneath  the  head. 
or  even  immerse  the  latter  in  it.  and  remove  the  brain  in  the  water.  In  this  way  it  floats 
after  removal,  supported  on  alt  sides.  It  may  now  be  opened  in  the  water  and  the  ex- 
tent of  the  lesion  determined  at  once,  and  parts  saved  for  microscopical  examination. 

If  it  be  desired  to  preserve  the  brain  for  demonstration  of  the  lesion  or  for  a  museum 
specimen,  it  should  betransferred  unopened  to  a  large  jarcontalning  five-per-cent.  forma- 
lin. A  portion  of  the  ventricular  fluid  should  now  be  removed  with  a  syringe  provided 
with  a  small  canula,  and  replaced  by  formalin.  This  may  be  done  by  puncturing  the 
ventricles  from  below.  The  fluid  in  the  jar,  as  well  as  in  the  ventricles,  should  be 
changed  in  fort,y-eight  hours.  The  brain  may  then  he  cut  transversely  across,  when 
the  degree  of  dilatation  of  the  ventricles,  etc.,  will  be  revealed.  The  weight  of  the 
brain,  according  to  Bischoff,  is  3lj()  grams. 

It  is  normally  much  softer  and  pinker  than  in  the  adult,  tlie  pia  more  delicate ;  botli 
may  be  much  congested  or  amemic  without  known  cause.  The  ventricles  contain  very 
little  serum.  Malformations,  apoplexies,  hydrocephalus,  simple  and  tuberculous  inflam- 
matory lesions,  are  to  be  looked  for. 

3'Ae  Spinal  Cord. — Extravasations  of  blood  between  the  membranes  of  the  cord 
may  occur  from  ihe  same  causes  as  those  in  the  brain.  Spina  bifida  is  the  most  fre- 
quent malformation. 

The  Thorax  atut  Abdomen. — Tliese   are  opened  as  in  the  adult.      The  petitoneal 

'  Or  an  incision  through  the  bones  with  a  fine  saw  may  be  made  as  in  the  adult. 
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farilg  contaiDs  a  very  little  clear  serum.    A.  red  fluid  may  be  produced  by  decomposi- 
tion.   The  peritoneum  U  often  the  seat  of  int re-uterine  inflammation. 

The  Diaphragm. — In  still-born  infants  its  convexity  reaches  to  the  fourth  or  fifth  rib, 
Aft«r  respiration  it  reaches  a  point  between  the  fourth  and  seventh  ribs.  ICa  position 
!s,  however,  so  variable  that  it  is  of  little  diagnostic  importance. 

TAs  Thorax. — The  thymua  gland,  at  this  period  very  targe,  occupies  the  upper  por- 
tion of  the  anterior  mediastinum,  covering  the  trachea  and  large  vessels.  Its  average 
weight  is  about  13,5  grama.  It  Is  usually  about  5  cm.  long,  8.8  cm.  wide  at  its  lower 
part,  and  about  .68  to  .85  cm.  in  tliicknesa.  It  may  be  hypertrophied  and  compress 
the  large  vessels,  or  be  iaflamed  and  suppurating. 

The  heart  lies  more  nearly  in  the  median  line  than  in  the  adult.  It  weighs  from 
20  to  34  grams.  The  ventricular  walls  are  of  nearly  equal  thickness.  The  pericardium 
contains  very  little  serum.  A  cousiderubte  quantity  of  red  fluid  may  accumulate  here 
as  a  result  of  decomposition.  There  may  be  small  extravasations  of  blood  beneath  the 
pericardium  in  slill-bom  children  and  in  those  born  alive.  Pericarditis  with  effusion  of 
serum  and  fibrin,  and  endocarditis  with  consequent  changes  in  the  valves,  may  exist 
before  birth.  Malformations  and  malpositions  of  the  heart  and  large  vessels  are  uot 
infrequent.  The  time  of  closure  of  the  foramen  ovale  and  the  ductus  arteriosus  varies 
very  widely  in  different  cases. 

The  pleural  camliet  contain  very  little  serum,  but  decomposition  may  lead  to  the 
aecumulaiion  of  a  considerable  quantity  of  red  fluid.  Small  extravasations  of  blood 
in  The  subpleural  tissue  may  be  found  in  chihiren  who  have  died  before  birth  and  after 
protracted  labors.  Inflammation,  with  eEudation  of  serum,  fibrin,  and  pus,  may  enist 
before  birth. 

The  laagi  In  a  atlll-bom  child  are  small,  do  not  cover  the  heart,  are  situated  in  the 
upper  and  posterior  portion  of  the  thorax,  are  of  a  dark-red  color  and  of  firm,  liver-like 
consistence,  and  do  not  crepitate.  In  a  child  bom  alive,  and  which  lias  respired  freely, 
the  lungs  liU  the  thoracic  cavity,  but  do  not  cover  the  heart  as  much  as  in  the  adult; 
they  are  of  a  light-red  or  pink  color,  and  crepitate  on  pressuie.  It  respiration  has  been 
incompletely  performed,  ne  find  various  intermediate  conditions  between  the  ftetal  and 
inflated  states. 

If  any  doubt  exists  as  to  respiration  having  taken  place,  it  is  customary  to  employ 
the  hydroatatic  teet.  This  is  done  by  placing  the  lungs,  first  together,  then  separately, 
and  afterward  cut  into  small  pieces,  in  water.  It  Is  commonly  said  that  if  they  sink 
the  child  has  not  breathed:  if  they  float  it  has.    This  test  is  not,  however,  a  certain 

The  lesions  of  inflammation,  and  vesicular  and  subpleural  emphysema,  may  be 
found  in  the  lungs  of  new-born  children. 

The  pliarynx  ahould  be  opened  and  examined  for  foreign  bodies. 

The  larynx  and  trachea  should  be  examined  for  the  lesions  of  inflammation  and  for 
injuries  to  Ihe  cartilages. 

The  thyroid  gland  weighs  about  12  grams.  It  may  be  so  enlarged  as  to  interfere 
with  respiration. 

The  Abdomen. — The  kidney)  are  lobulated  and  proportionately  larger  than  in  the 
adult.  Thoma  estimates  the  average  weight  of  both  organs  together  as  28.6  grama 
There  may  tte  ecchymoscs  on  their  surface;  inflammation;  deposits  of  uric  acid  and 
urates  in  the  tubules  of  the  pyramids;  cystic  dilation  of  the  tubules,  sometimes  reach- 
ing an  enormous  size.  There  may  be  absence  or  retarded  development  of  one  kidney, 
Malformations  and  malpositions  of  the  kidneys  are  of  frequent  occurrence. 

The  adreaalt  are  large.    They  may  be  dilated  Into  large  cysts  filed  with  blood. 

The  »pleea  Is  large  and  firm.  Its  average  weight  is  about  11  grams.  It  may  be 
abnormally  enlarged,  and  its  surface  is  sometimes  covered  with  fresh  inflammatory 
exudations. 

The  [nlatine*. — In  the  small  intestines.  Inflammation  and  swelling  and  pigmenta- 
tion of  the  solitary  and  agmiaated  follicles  (lymph  nodules)  are  sometimes  found.     The 


'  See  works  on  medical  jurisprudence. 
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large  intestine  usiutUy  contains  meconium,  but  tliis  nmy  Ik  evacuated  before  or  during 
birth.    The  sigmoid  flexure  is  not  as  marked  as  in  the  adult. 

Tlie  formation  of  gasiutlie  stomacli  and  intestines  does  not  usually  take  place  until 
respimtion  is  established.  If  decomposition  has  commenced,  however,  gas  may  be 
fonned  as  a  part  of  the  process. 

The  liner  is  of  a  dark-red  color,  is  large,  and  contains  much  blood.  Its  size  dimin- 
ishes after  respiration  is  established.  Its  average  weight  is  118  grams.  The  size  is  so 
Tariable,  before  and  after  respiratioD,  that  it  gives  little  information  as  lo  the  age  of  the 
child.  Large  extravasations  of  blood  are  sometimes  found  beneath  the  capsule  of  the 
liver  without  known  cause.  A  variety  of  pathological  conditions,  fatty  and  waxy  de- 
generation, gummy  tumors,  etc.,  may  be  found. 

The  Uaddfr  may  be  full  or  empty,  both  in  still-bom  children  and  in  those  which 
have  breathed.    Dilatation  and  hypertrophy  may  exist  during  intra-ut«rine  life. 

OeiteTatire  Organ*. — The  external  generative  organs  iu  both  males  and  females  are 
more  prominent  than  in  adults.  The  ovaries  are  high  up  in  the  pelvis  and  large;  the 
cervix  uleri  is  long;  the  body  small  and  lax,  resting  forward  against  the  bladder. 
Phimosis  in  the  mates  is  the  normal  condition.  Malpositions  and  retarded  development 
of  the  testicles  should  be  noticed.    It  should  be  observed  whether  the  anus  Is  perforate. 

Thf  BomK,  in  suspected  cases,  shoukl  be  examined  for  the  lesions  of  inflammation, 
rickets,  and  syphilis. 

PRESERVATtOH,— The  various  fmtal  tissues  may  be  preserved  hy  tlie  same  methods 
as  are  employed  for  those  of  the  adutt ;  but  as  they  are  very  delicate  they  should  be 
bandied  with  great  care  and  Che  preservative  fluids  changed  with  sufficient  frequency. 
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CHAPTER  II. 

THE  LESIONS  IN  CEBTAIN  FOBMS  OF  DEATH  FROM 

VIOLENCE:    SXTBDEN  DEATH. 

The  LeelotiB  in  Certain  Forms  of  Death  ft-om  Violence. 

BUFFOCATIOH-ABFHTXIA. 

By  saffocatioii  ismeant  that  condition  in  which,  without  direct  press- 
ure on  the  larynx  or  trachea,  air  is  prevented  from  penetratiug  into  the 
lungs.  The  iuterruptiou  of  the  function  of  respiration  which  is  thus 
brought  about  induces  the  condition  knowu  as  asphyxia.  In  this  way 
many  deaths  from  drowuiug  aud  strangutation  take  place. 

The  ways  in  which  the  supply  of  air  umy  be  cut  off  from  the  lungs 
are  various.  The  mouth  and  uoee  may  be  closed  by  the  hand,  by  plas- 
ters and  cloths,  by  wrapping  up  the  head  in  cloths,  by  covering  the  face 
with  earth,  hay,  grain,  etc.  Foreign  bodies  may  be  introduced  into  the 
month,  pharynx,  aud  laryux.  Blood  may  pass  into  the  trachea  from  an 
aneurism  or  from  a  wound.  The  glottis  may  be  closed  by  inflammatorj" 
swelling.     Vomited  material  may  lodge  in  the  larynx. 

On  the  other  band,  lujurj'  or  disease  of  the  medulla  oblongata,  or 
paralysis  or  spasm  of  the  muscles  of  respiration  from  drugs,  tumors 
pressing  upon  the  air  passages,  or  diseases  of  the  lungs  themselves,  may 
induce  asphyxia. 

ExTEBNAL  Inspection. 

The  body  should  be  examined  for  marks  of  violence,  the  cavities  of 
the  mouth  and  nose  for  foreign  substances. 

The  face  may  be  livid  and  swollen  or  present  a  natural  appearance. 
The  conjunctiva  may  be  congested  and ecchjnnotic.  There  maybe  small 
ecchymoses  on  the  face,  neck,  aud  chest.  The  month  ofteu  contains 
frothy  blood  and  mucus.     The  tongue  nuvy  be  pi-otruded. 

Internal  Examination. 

The  Brain  and  its  membranes  may  be  congested,  or  ansemic  and  cede- 
matous,  or  unchanged.  The  Blood  throughout  the  body  is  usually  dark- 
colored  and  fluid. 

The  Larynx  may  contain  foreign  l>odies  which  have  induced  the  suffo- 
cation. The  mucous  membrane  of  the  laryux,  trachea,  and  bronchi  may 
be  congested  and  sometimes  ecchymotic:  these  passages  contain  frothy 
blood  and  mucus.  The  Lungs  are  usually  congested  and  cedematous,  but 
sometimes  do  not  differ  from  their  ordinary'  appearance.     There  may  be 
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email  patches  of  emphysema  near  the  surface  of  the  langs.  Sometimes, 
especially  in  infants,  small  ecchymoses  are  found  in  the  costal  aud  pul- 
monary pleura. 

The  Heart  usually  presents  its  right  cavities  full  of  blood,  its  left 
cavities  empty ;  but  to  this  there  are  frequent  exceptions. 

The  AbdMHinat  Vi«cera  are  nsually  congested. 

DEATH  FBOH  STJUUfaUI^TIOK— HAJTQINa. 

Stran^latioQ  is  effected  by  the  weight  of  the  l>ody  in  hanging,  by 
presHure  ou  the  neck  irith  the  hands  or  by  some  other  object,  or  by  con- 
striction of  the  neck  with  a  cnrdor  ligature  of  some  kind.  Death  usually 
occurs  by  asphyxia,  or  by  asphyxia  combined  with  the  effect  of  the  cut- 
ting-off  of  the  blood  supply  to  the  brain  hy  pressure  on  the  large  ('essels 
of  the  neck.  In  some  cases  of  hanging,  death  ensues  as  a  result  of  frac- 
ture or  dislocation  of  the  cervical  vertebra. 

ESTEEXAL   ISSPECTIOS. 

The  face  may  be  livid  and  swollen,  the  eyes  prominent,  the  lips 
swollen,  and  the  tongue  protruded.  These  appearances  are,  however, 
often  absent.  Erection  of  the  penis,  ejaculation  of  semen,  and  evacu- 
ation of  fipces  aud  urine  are  frequently  observed. 

In  many  cases  marks  are  left  upon  the  neck  by  the  objects  which  have 
directly  produced  the  strangulation.  In  cases  of  banging,  the  mark 
at>out  the  neck  varies  considerably  in  position,  direction,  aud  general 
characters,  depending  upon  the  kind  of  ligature  employed,  the  time  of 
suspension,  i)eriod  after  death  at  which  the  observation  is  made.  etc. 
The  most  common  mark  left  by  a  cord  about  the  neck  is  a  dry,  dense, 
brownish  furrow,  whose  breadth  corresponds  but  in  a  very  general  way 
with  the  diameter  of  the  cord.  In  some  cases,  according  to  Tidy  and 
others,  there  may  be  no  mark  at  all  if  the  hanging  be  quickly  accom- 
plished with  a  soft  ligature  and  the  body  cut  down  immediately  after 
death.  There  may  be  abrasions  and  ecchj-moses  of  the  skin  at  the  seat 
of  ligature. 

In  cauva  of  strangulation  by  the  lingers  tbe  mark  on  the  neck  may 
correspond  in  a  geneiid  way  to  the  shape  of  the  fingers. 

The  application  of  the  same  forces  immediately  after  death  may  pro- 
duce the  same  marks  as  when  death  is  induced  by  them. 

Internal  Examination. 

Tlir  Brain  and  its  membranes  may  be  congested,  or  there  may  be  ex- 
travjwsation  of  blood,  or  there  may  be  no  abnormal  appearances. 

The  Xeck. — In  some  cases  there  is  effusion  of  blood  beneath  tbe  liga- 
ture, rupture  of  the  cervical  muscles,  fracture  of  the  os  hyoidcs  and  car- 
tilages of  the  larjnx,  fracture  aud  dislocation  of  the  cervical  vertebrie. 
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rupture  of  the  iuterual  vertebral  ligaments  and  of  the  iiiuer  aud  middle 
coats  of  the  carotid  arteries.  Similar  changes  may  be  produced  iu  the 
dead  body  by  the  use  of  great  violeuce. 

If  death  occur  from  asphyxia,  the  iut«rual  lesions  are  similar  to  those 
described  above.  In  some  cases— for  example,  where  death  has  occurred 
from  fright  or  shock — the  results  of  i»ost-mortem  esamiiiatiou  are  en- 
tirely uegative. 

DKATH  FBOH  DROWNING. 
In  examining  the  bodies  of  persons  who  have  been  drowned,  it  ia 
necessary  to  bear  in  mind  a  number  of  questions  which  may  arise: 
A\'liether  the  person  came  into  the  water  alive  or  deadT  How  long  a 
time  has  elapsed  since  death  I  WTiether  the  jrei-son  committed  suicide, 
or  was  drowned  by  accident,  or  was  mnrderedT  These  questions  are  to 
be  solved  sometimes  certainly,  sometimes  with  probability,  sometimes 
not  at  all,  by  the  post-mortem  examination.  Persons  dying  iu  the  water, 
to  which  condition  the  term  drowning  is  commonly  applied,  may  die 
from  asphyxia,  from  exhaustion,  from  fright  or  syncoi>e,  from  disease  of 
the  heart,  apoplexy,  injuries,  etc.  ^V^liIe  in  the  majority  of  cases  as- 
phyxia is  a  predominant  or  important  factor  in  death  by  drowning,  th»( 
conditions  nnder  which  death  occurs  are  so  apt  to  be  complex  that  iu  the 
minority  of  cases  only  are  the  lesions  of  pure  asphyxia  found  after 
death,  while  in  most  cases  the  bodies  present  the  more  or  less  mcII -marked 
lesions  of  asphyxia  together  with  those  Judicative  of  cpmplicatiug  coii- 
ditious.  There  are  uo  post-mortem  conditions  which  alone  are  abso- 
Intelj-  characteristic  of  drowning,  and  it  is  only  by  considering  all  the  facts 
elicited  by  the  autopsy  together  that  any  just  conclusion  can  be  arrived 
at.  It  should  always  be  borne  in  mind,  moreover,  that  even  the  most 
characteristic  of  the  evidences  of  drowning  are  apt  to  be  modified  or  to 
disappear  as  decomposition  goes  on. 

External  Inspectiox. 

Post-mortem  rigidity  usually  sets  in  early,  sometimes  immediately 
after  death.  Decomposition  progresses,  especially  in  summer,  with  uu- 
usnal  I'apidity  in  bodies  which  have  been  removed  from  the  water.  Fie- 
quently,  but  by  no  meaus  constantly,  the  i>eeuliar  roughening  of  the 
skin,  known  as  goose  skin  (cutis  anserina),  is  found,  but  this  may  occur 
after  death  from  other  causes.  A  light,  lathery  fi-oth,  either  white  or 
blood-stained,  is  frequently  seeu  about  the  mouth  and  nostrils  within 
twelve  to  twenty-four  hours  after  removal  of  the  body  from  the  water, 
but  it  may  be  absent,  and  may  be  seeu  after  death  from  other  causes. 
After  the  body  has  lain  for  several  hours  in  the  water  (twelve  to  twenty- 
four)  the  thick  skin  of  the  palms  of  the  hands  and  soles  of  the  feet  may 
become  macerated  and  thrown  into  coai'se  wrinkles,  just  as  it  may  after 
prolonged  soaking  during  life,  or  in  a  dead  body  thrown  into  the  water. 
The  ]>enis  and  nipples  may  be  retracted,  and  the  scrotum  shrunkeu,  but 
this  is  not  constant  nor  characteristic. 
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If  the  i>ersou  has  struggled  in  the  vater  and  clutched  at  objects 
within  his  reach,  there  may  be  evidences  of  this  in  excoriation  of  the 
fingers  or  in  the  presence  of  sand,  weeds,  etc.,  under  the  nails  or  grasped 
in  the  hands. 

External  marks  of  injury,  bruises,  etc.,  should  be  sought  for,  since 
persons  in  dying,  or  on  being  thrown  into  the  water  with  homicidal 
intent,  may  have  died  from  the  violence,  and  not,  strictly  speaking,  from 
drowning.  It  should  also  be  borne  in  mind  in  such  complex  cases  that 
injuries,  not  in  themselves  fatal,  may,  when  the  body  is  in  the  water, 
prove  so  on  account  of  the  inability  of  the  person  to  rescue  himself  or 
gain  time  for  recovery  from  the  injurj-,  and  that  then  the  struggle  for 
breath  may  be  but  slight,  and  the  more  prominent  signs  of  drowning  but 
little  marked. 

Internal  Examination. 

The  Brain. — Congestion  of  the  brain  and  its  membranes  is  found  only 
in  a  small  proportion  of  eases. 

The  Blfxxl,  when  death  occurs  from  asphyxia,  ia  usually  fluid  through- 
out the  body  and  of  a  dark  color,  as  in  asphyxia  from  other  causes. 

The  Air  Passages.  — In  persons  who  die  from  asphyxia  the  mucous  mem- 
brane of  the  larnyx,  trachea,  and  bronchi  is  usually  congested,  and  the 
air  passages  contain  a  variable  quantity  of  blooily  or  mucous  froth.  In 
pers<.»ns  dying  in  the  water  from  other  Ciiuses  than  asphyxia,  these  ap- 
pearances aie  absent.  Foreign  substances  from  the  water,  such  as  sand', 
weed-s,  etc.,  or  materials  regni^itated  from  the  stomach,  may  find  their 
way  into  the  air  passages  during  the  act  of  drowning  or  as  a  post-mortem 
occurrence.  Thus,  in  bodies  washed  about  the  bottom,  sand  or  mud  may 
get  into  the  air  passages  for  a  certain  distance,  from  the  mechanical  ac- 
tion of  the  water. 

The  Lungs  in  typical  cases  are  distended  so  that  they  fill  the  thorax 
and  cover  the  heart.  The  increased  size  is  due  partly  to  congestion, 
partly  to  the  pre-sence  of  the  fluid  in  which  the  person  was  drowned, 
which  is  often  inspired  during  the  act  of  drowning,  a"d  partly  to  the 
distention  of  the  air  vesicles  with  air.  In  cases  of  drowning  in  which 
there  is  a  struggle  and  water  is  breathetl  in,  the  lungs  may  contain  con- 
siderable fluid;  but,  as  a  re-sult  of  decomposition,  this  may  find  its  way 
in  greater  or  less  quantity  into  the  pleural  cavities  by  transudation, 
lea\'iug  the  lungs  comparatively  empty.  It  should  be  remembered,  how- 
ever, that  a  considerable  quantity  of  reddish  fluid  may  collect  in  the 
I)IeuraI  cavities  under  other  conditions  than  drowning,  through  a  post- 
mortem change,  by  transudation  from  the  blood-vessels  and  other  ad- 
jiKt'nt  tissue. 

The  Jfeaii. — In  those  who  die  from  a-sphyxia  the  right  cavities  are 
usually  filled  with  fluid  blood,  while  the  left  cavities  are  empty.  But 
when  death  is  due  to  complex  causes  this  may  not  be  the  case. 

The  Abdomimil  Viscera  may  be  congested  in  persons  who  die  from 
a-spbyxia. 
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The  Stmaaek, — The  fluid  in  which  the  person  was  drowned,  Hometimes 
miied  with  saud,  weeds,  etc.,  maybe  swallowed  during  the  a«t  of  drown- 
ing. Siind  may  wash  for  a  short  distance  into  the  cesophagus  after 
death,  in  bo<lie»4  washing  about  the  bottom. 

In  persons  dying  in  the  water  from  syncope,  shock,  etc.,  we  may  find 
no  lesions.  When  the  death  is  partly  due  to  asphyxia  and  partly  to  other 
causes,  the  lesions  may  vary  in  numerous  ways,  which  ueed  not  he  de- 
scribed here. 

In  important  cases  of  doubtful  drowning  it  is  desirable  carefully  to 
collect  and  save  some  of  the  fluid  from  the  lungs  and  stomach  for  micro- 
chemical  examination,  since  the  identification  of  these  fluids  with  those 
in  which  the  person  was  presumably  drowned  will  often  give  certainty 
to  an  otherwise  doubtful  case. 

For  the  detailed  consideration  of  the  anatomical  diagnosis  of  drown- 
ing, the  changes  which  bodies  dead  from  drowning  undergo  from  decom- 
position, and  the  factors  bearing  on  the  question  of  suicide,  homicide, 
etc.,  we  refer  to  works  on  medical  jurisprudence. 

DEATH  FBOK  ELXOTBIOITT. 

lAghining. — Persons  who  are  struck  by  lightniug  may  die  instantly; 
or  may  continue  for  several  hours  comatose  or  delirious,  and  then  either 
die  or  recover;  or  they  may  die  after  some  time  from  the  effects  of  the 
burns  and  injuries  receive*!. 

The  post-mortem  apj>earances  are  very  variable.  Sometimes  there 
are  no  marks  of  external  violence  or  internal  lesions.  Sometimes  the 
clothes  are  burnt  and  torn,  while  the  skin  beneath  them  is  unchanged. 
Usually  there  are  marks  of  contusion  and  laceration,  or  ecchymoses.  or 
lacerated,  punctui-ed  wounds,  or  fractures  of  the  bones,  or  superficial  or 
deep  burns.  The  track  of  the  electric  current  may  sometimes  be  marked 
by  dark-red  arborescent  streaks  on  the  skin.     Fractures  are  rare. 

The  internal  viscera  may  be  lacerated  and  disoi^nized  from  lightning. 

ArtificUil  Eteetriml  CurrenU. — In  death  from  powerful  artificial  elec- 
trical currents,  either  by  accident,  as  in  linemen  and  others,  or  in  elec- 
trical executions,  there  may  be  local  burnings  of  varying  degree  where 
the  wires  or  electi-odes  come  in  contact  with  the  skin.  The  clothes  may 
be  pierced  with  holes  at  the  point  of  exit  of  the  current.  Internally 
there  appear  to  be  no  marke<l  or  characteristic  lesions,  either  gross  or 
microscopical,  in  this  form  of  death.  Van  Gieson  and  others  have  ob- 
served the  occasional,  but  not  constant,  occurrence  of  small  hiemorrhages 
in  the  floor  of  the  fourth  ventricle,  the  significance  of  which  is  doubtful. 
Other  petechial  spots  ha\e  been  observed  beneath  t!ie  serous  surfaces  of 
the  endocardium,  pericardium,  and  pleura,  and  on  the  spleen.' 

'  Van  Qieton,  "A  Report  of  the  Gross  and  Microscopical  Examliiatlou  of  Six  Cases 
of  Death  by  Strong  Electrical  Currents."  New  York  Mtdiral  .loiirnal.  May  7tli  aud 
14tb.  1893.  Cuitntagluim,  "Tbo  Cause  of  UeatJi  from  IndiistHal  Electric  Ciirrents," 
New  York  Me<ilcal  Journal,  vol.  Ixx.,  pp.  5S1  aod  615,  1899.  Jelliffe,  Peterson  and 
Haines'  "Text-book  of  Legal  MediciDe."  p.  245. 
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Death  may  be  caused  by  the  iuspiratlon  of  smoke  aud  flame ;  by  the 
drinking  of  hot  fluids;  by  the  direct  coutact  of  flame  or  hot  substances 
with  the  external  surface  of  body.  It  may  be  due  to  the  direct  effect  of 
the  agents,  to  secondary  affections  of  the  viscera,  or  to  the  exhaustion 
produced  by  long- eon  tinned  iuflammation  and  suppuration.  Sudden 
death  may  occur  after  extensive  burniugs  of  the  skin." 

The  burned  skin  divested  of  epidermis  may  preseut  a  peculiar  red. 
hard,  parchment -like  appearance.  If  the  patient  have  lived  for  some 
time,  suppuration  of  the  injured  surface  may  ensue.  Or  there  are  small, 
bladder-like  elevations  of  the  epidermis.  The  base  of  these  blisters  is 
red,  aud  they  are  surrounded  by  a  red  zone,  or  suppuration  may  have 
commenced.  These  appearances  cannot  be  produced  by  heat  applied  to 
the  skin  after  death. 

After  death  from  severe  burns  there  is  apt  to  be  congestion  of  the 
brain,  and  the  thoi-acic  and  abdominal  viscera.  The  lymph  nodes  and 
the  lymphatic  tissues  throughout  the  body  may  be  swollen  and  the  seat 
of  endothelial  cell  proliferation  and  necrosis.  There  is  usually  album! 
nous  degeneration  of  the  liver  and  kidneys;  the  spleen  is  swollen  and 
the  seat  of  focal  necrosis.  Focal  necrosis  in  the  bone  marrow  has  been 
noted.  Them  may  be  c^pillaiy  thromboses,  interstitial  hemorrhages  in 
the  kidney,  and  leucocytosis.  These  lesions  indicate  the  presence  of 
toxic  substances  in  the  body  fluids,  and  thus  the  general  condition  may 
be  regarded  as  an  instance  of  anto-intoxication,* 

Secondary  lesion  are  not  infrequent  after  severe  burns.  There  may 
be  (Edema  of  the  glottis,  pseudo-membranous  inflammation  of  the  larynx 
aud  trachea,  pneumonia,  ulceration  of  the  duodenum,  aud  pyeemia  with 
infarctions  in  the  lungs,  liver,  spleen,  and  kidneys. 

Sudden  Death. 

Some  forms  of  sudden  death  from  violence  have  t>ecn  already  consid- 
ered. Aside  from  these,  by  sudden  death,  in  the  ordinary  sense,  is  usually 
meant  "  the  rapid  and  unforeseen  termination  of  a  latent  acute  or  chronic 
disease."  We  shall  not  consider  here  sudden  death  either  from  violence 
or  poisoning  or  in  well-defined  and  evident  acute  or  chronic  diseases:  it 
will  be  practicable  only  to  enumerate  some  of  the  more  common  condi- 
tions under  which  sudden  death  may  occur — and  first  in  the  aditlt. 

Circulatory  System. — Heart — fatty  degeneration,  chronic  myocardtiis, 
abscess  of  the  myocardium,  rupture,  lesions  of  the  coronary  arteries, 
endocarditis,  and  pericarditis.  Blood -vessels — arterio-Bclerosis,  aneu- 
rysms— esiKcially  intracranial,  intrapericardial,  abdomiual,  and  pulmo- 

'  For  a  sliiib'  of  sudden  death  followiug  severe  bums,  consult  ^Iberm/inn,  Vircli. 
Arch..  Bd.  cxix..  p.  488,  1H90.     Blhllog, 

'For  B,  study  of  the  vlaccrnl  clinngi>s  following  cxtPiisive  burns,  consult  Banleen. 
Jour.  Exp.  Med.,  vol.  ii.,  p.  501,  1897,  Bibliog.  .V'-Cmt.  Tmus.  Asa.  Am.  Phys.,  vol 
xvi.,  p.  153;  (ilao.  T^'rh  ;  Uiwtou  M.'il.  iiiiil  Surg.  Jour.  October  80.  1908.  Bibliog. 
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nary ;  rupture  of  the  aorta,  cougeuita.1  narrowuesB  of  the  aorta,  throm- 
bosis aud  embolisDi  of  the  pulmouary  or  cerebral  arteries. 

Brain — h»morrhage,  meiiiugitis,  abscesses,  and  tumors.  Very  slight 
iDJories  of  various  parts  of  the  body  have  been  followed  by  sudden 
death,  probably  through  inhibition.  Syncope  or  Khock  may  terminate 
in  death. 

Rfgpiratori/  Sy«((*»t.— Foreign  bodies  lodging  at  the  entrance  to  the 
larynx  are  not  infrequently  followed  by  immediate  death  without  evi- 
dence of  asphyxia.  (Edema  of  the  glottis,  oe4leina  of  the  lungs,  hyper- 
trophy of  the  thyroid,  mediastiual  tumors,  pleurisy,  aud  pueumothorax 
may  lead  to  sudden  death. 

AbdonUtial  Viscera. — Buptuie  of  visceral  abscesses;  perforation  of 
ulcers  of  the  gasti-o-iutestlDal  canal ;  rupture  of  the  spleen,  especially 
if  the  latter  be  enlai^ed  as  in  malaria;  extra-uteriue  gestation,  retro- 
uterine hfematocele,  and  rnptuie  of  the  uterus,  are  among  the  lesions  not' 
infrequently  leading  to  sudden  death. 

Sudden  death  is  frequent  in  diabetet<,  iu  various  forms  of  kidney 
lesion  aud  in  alcoholism,  and  in  association  with  the  so-called  lymphatic 
constitution. ' 

"Sudden  death  iu  young  children  is  most  often  associated  with  disorders 
of  the  respiratory  system,  thtis  differing  from  adults,  iu  whom  lesions  of 
the  circulatory  system  are  of  the  greatest  significauce.  Brouardel  attrib- 
utes sudden  death  in  children  usually  to  one  of  five  principal  causes — 
syuco)>e,  couvulsioris,  asphyxia,  pulmonary  congestion,  and  intestinal 
disorders.  A  large  thymus  with  the  lymphatic  constitution  is  frequent 
ID  cases  of  sudden  death  in  young  children.' 
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CHAPTER  ni. 

QENEBAL  METHODS  OF  PRE8BBVINO  PATHOLOai- 
CAL  SPECIMENS  AJSTD  PKEPARUTa  THEM  FOB 
STUDY. 

It  is  not  onr  pnrpose  in  this  section  to  give  a  complete  account  of 
the  technical  procedures  required  in  the  study  of  pathological  specimens, 
since  the  methods  are  for  the  most  part  identical  with  those  employed  in 
the  study  of  normal  tissues,  with  which  the  student  or  practitioner  is  pre- 
sumably already  familiar.  We  wish  simply  to  give  a  few  brief  hints  as 
to  the  most  useful  methods  for  the  ordinary  purposes.  Additional  sug- 
gestions will  be  found  in  parts  of  the  book  dealing  with  special  tissues 
and  organs;  but  for  the  technical  details  of  many  methods  which  are  in- 
valuable for  special  purposes,  oue  may  consult  the  "Pathological  Tech- 
nique "  of  MaUoty  and  Wright. 

The  Study  of  Fresh  Tissues. 

Althoi^^h  for  the  most  part  the  couditious  for  the  miuute  study  of 
tissues  are  more  favorable  after  these  have  been  fixed  and  hardened  by 
a  suitable  chemical  agent,  it  is  yet  in  mauy  cases  very  important  to  ex- 
amine them  in  the  fresh  state.  For  this  purpose  they  may  be  teased 
apart  in  a  one-half-per-eent  solution  of  sodium  chloride  and  mounted 
and  studied  in  the  same.  Sodium  chloride  is  also  useful  for  the  separa- 
tion by  dilution  of  the  structural  elements  of  fluids  such  as  exudates,  pus, 
etc. 

Rapid  Fixation  and  Frozen  Sections. 

A  rapid  fixation  and  development  of  detail  in  structural  elements  in 
fluids  may  be  secured  by  allowing  a  drop  of  formalin  to  run  under  the 
cover  glass  and  mingle  with  the  salt  solution,  the  flow  being  directed  by 
a  bit  of  filter  paper  put  close  to  the  edge  of  the  cover  glass  on  the  side 
opposite  to  that  on  which  the  fixative  is  added.  The  formalin  may  be 
washed  out  by  water  and  the  latter  replaced  by  dilute  methylene  blue 
for  staining. 

When  an  immediate  diagnosis  of  a  solid  tissue  is  required,  useful 
results  may  sometimes  be  obtained  by  a  combination  of  the  freezing 
method  with  the  use  of  formalin  as  a  fixative  as  suggested  by  Cullen.' 
'  C'lllen.  Johns  Hopkins  Hospital  Bulletio,  April,  1895. 
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Any  form  of  freeziDg  microtome  and  either  ether  or  liquid  carbonic  acid 
may  be  osed. 

Colleu's  procedure  is  as  follows :  The  frozen  sections  are  pnt  in  a  five- 
per-cent  watery  solution  of  formalin  for  from  three  to  five  minutes; 
in  fifty-per-cent  alcohol  for  three  minutes;  in  absolute  alcohol  for 
one  minnte.  They  are  now  washed  in  water,  stained  with  luematoxyliu, 
decolorized  in  acid  alcohol  (oue-per-cent  hydrochloric  acid),  rinsed  in 
water,  contrast  stained  and  dehydrated  with  eosin  alcohol,  cleared  with 
creosote  or  oil  of  cloves,  and  mounted  in  balsam.  The  tissnes  shrivel 
considerably  by  this  metliod.  The  disintegration  of  the  sections  and 
especially  tiie  considerable  shrinkage  which  they  nndergo  on  treatment 
with  alcohol,  may  be  largely  obviated  by  spreading  the  sections,  as  they 
thaw,  on  an  albumin  fixative  film  upon  a  cover  glass  or  slide — see  below 
— and  conducting  the  hardening  and  staining  manipulations  with  the 
specimen  in  position  upon  the  glass. 

Hodeupyl '  has  found  that,  when  time  permits,  satisfactory  results 
are  secured  by  placing  very  small  pieces  of  the  fresh  tissne  for  an  hour 
in  five-per-cent  solution  of  formalin ;  then,  after  washing  out  the  fonna- 
lin,  making  frozen  sections  in  the  nsual  way.  The  sections  are  now 
dropped  for  a  moment  into  a  solution  of  egg  albumen  of  the  following 
composition : 

Egg  AlbiimeD 10 

Sodium  Carbonate       ....  ...     1 

Water 80 

Add  a  lump  of  campbor  u>  prevent  decoinpositlon. 

"Die  sections  are  now  spread  on  the  slide,  the  excess  of  fluid  being 
drained  off,  and  are  pressed  against  tlie  glass  with  a  bit  of  fine  cheese 
cloth.  They  are  finally  fixed  in  place  by  a  short  immersion  in  strong 
alcohol.  The  section,  now  fast  on  the  glass,  is  stained  and  mounted,  in 
mtu.  This  procedure,  which  can  be  carried  ont  in  a  little  more  than  an 
boor,  gives  a  fair  chance  for  an  early  morpholt^cal  diagnosis  in  solid 
tissues,  though  the  minute  structural  details  are  often  much  altered. 

Fixation :  Hardening  and  FreBerration. 

Alcohol  is  the  most  commonly  employed  fixative  and  hardening 
agent  for  routine  porposes.  It  is  used  in  the  strength  of  from  eighty  to 
ninety-five  per  cent  at  first,  the  pieces  of  tissue  to  be  hardened  not  being 
lai^r  than  1  or  2  c.c.  There  should  be  in  bulk  many  times  as  much 
alcohol  as  of  tissue  to  be  hardened.  A  little  absorbent  cotton  may  be 
placed  in  the  bottle  to  keep  the  blocks  of  tissue  from  sticking  to  the 
bottom.  After  twenty-four  hours  the  alcohol  should  be  renewed.  On 
the  third  day  the  tissue  is  transferred  to  niiiety-seven-per-ceut  or  to 
absolute  alcohol  for  completion  of  the  hardening,  which  will  usually  be 
within  five  or  six  days. 

'Hodtnpyl,  "A  Modiflcat 

HicTDBCOplc  Work,"  Medical  Record,  llarch  5, 
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While  for  many  purpoeeB  other  and  more  delicate  methods  of  harden- 
ing tissues  are  to  be  recommended,  alcohol  is  most  useful  for  most  solid 
tissues  in  which  barteria  are  to  be  sought :  for  snch  specimens  as  are  not 
quite  fi'esh  and  in  which  the  process  of  decay  in  to  be  immediately 
checked,  and  in  general  for  tissues  in  which  the  detenuiuation  of  topo- 
graphical features  for  diagnostic  or  other  purposes  is  the  chief  end  in 
view, 

FoKHALiN,  or  fonnol,  is  the  trade  name  for  a  forty -per -cent  aqueous 
solution  of  formaldehyde.  In  diluted  solutions  it  is  a  valuable  fixative 
for  delicate  tissues.  It  is  most  commonly  used  in  a  solution  of  5  parts 
(of  the  commercial  formalin)  to  100  of  water.  The  fresh  tissues,  in 
small  pieces,  are  put  in  this  solution  for  forty-eight  hours,  the  fluid 
being  renewed  at  the  end  of  twenty-four  hours.  They  are  then  trans- 
ferred to  sixty -per -cent  alcohol  for  twenty-four  hours,  and  the  harden- 
ing is  completed  with  strong  alcohol. 

MtiLT.ER'8  FLltiD  wbich  has  been  much  used  as  a  hardening  agent 
has  the  following  composition : 

Potassium  Bichromate 2part!i 

"  Sulphate I  part 

Water 100  parts 

Miiller's  fluid  is  now  most  often  used  in  combiuatiou  with  other 
fixatives. 

Thus  Orth's  Fluid,  which  is  Miiller's  fluid  to  100  parts  of  which  10 
parts  of  commerical  formalin  are  added,  is  a  most  valuable  agent  for 
flxing  and  hardening  delicate  cells.  The  mixture  should  be  made  at  the 
time  of  using  because  it  soon  changes.  The  pieces  of  tissue  should  be 
small,  the  fluid  largely  exceeding  the  tissue  in  bulk.  The  hardening  is 
completed  in  three  or  four  days,  when  the  specimens  should  be  thor- 
oughly washe*l  and  i»reser\-ed  in  eighty- percent  alcohol. 

C>HMi<'  Acid  is  of  great  value,  especially  in  combination,  for  the 
hardening  of  small  portions  of  delicate  tissues,  since  it  serves  to  flx  the 
elements  in  a  nearly  normal  condition  and  stains  them  browu  or  black. 
Osmic  acid  stains  fat  black  and  on  this  account  is  a  valuable  agent  for 
the  detection  of  this  substance  in  the  tissues.  It  is  genei-ally  used  in 
one-percent  aqueous  solution,  the  tissues,  in  very  small  pieces  and  when 
quite  fresh,  being  placed  in  it  and  allowed  to  remain  for  twenty-four 
hours.  They  are  now  washed  thoroughly  in  water  and  may  be  preserved 
in  eighty  percent  alcohol. 

Flevtming's  Osmic  A<M  Mixture. — For  the  purpose  of  fixing  delicate 
tissue  elements  to  show  minute  stnictural  detail,  such  as  mitotic  figures, 
this  mixture  is  of  great  value.     It  is  made  of 

Onc-ppr-ccDt  soliiliou  of  Chromic  Acid,  :  .  .15  parts 

Two-per-CL'Dt  .<u)liition  of  Osmic  Acid, 4    " 

Glacial  Arctic  Add, 1  part 

Tliis  mixture  does  not  keep  well,  and  hence  should  be  made  up  in  small 
quantities,     ^mall  portions  of  tissue  should   soak  in  the  mixture  for 
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tweiity-foiir  hours,  then,  after  thorough  wiu^biii^  in  watei-,  they  are  put 
for  tweuty-four  hours  lit  seventy -per-ceiit  alcohol,  and  then  in  strong 
iilfohol,  in  which  they  are  kepi. 

CoEROsiVE  Si'Bi-iUATE, — ThiB  18  a  must  excellent  fixative  for  deli- 
cate structures.     A  convenient  form  in  Lang^B  isolation.     Its  formula  is  r 

Mercuric  Cliloride a  gam. 

Sodium         - B- 

Ilydrlc  Aratate,  Glacial Q  c.c. 

Water, 100  c.c. 

The  tJBSues  should  remain  in  sublimate  solution,  as  a  rule,  not  touger 
than  from  one  to  tbi-ee  hours. 

Specimens  fixed  in  sublimate  develop  a  mercurial  precipitate,  do  not 
stAin  well,  and  become  brittle  unless  the  excess  of  sublimate  is  removed. 
This  can  be  largely  done  by  prolonged  washing  in  running  water.  But 
it  is  much  more  easily  and  certainly  accomplished  by  the  chemical  action 
of  dilute  iodine  solution.  The  specimen  is  removed  from  the  sublimate 
mixture  and  put  at  once  into  seventy -per- cent  alcohol.  To  this  is  added 
from  time  to  time  a  sufficient  quantity  of  saturated  alcoholic  solution  of 
iodine  (or  tincture  of  iodine)  to  give  the  alcohol  a  mwlerately  deep 
iodine  color.  At  first  ihia  color  gradually  disappears,  and  the  iodine 
solution  should  be  repeatedly  adde<i  until  the  color  persists.  The  speci- 
mens are  now  transferred  to  seventy-per-cent  alcohol,  and  after  twenty- 
fonr  hours,  to  strong  alcohol. 

Zenker's  Fluid  is  a  good  fixative  and  acts  rapidly.  It  is  a  combina- 
tion of  Mailer's  fluid  and  corrosive  sublimate  with  acetic  acid.  Its 
formula  is: 

Potassium  Bictiroinab.'. 2  parts 

Sodium  Suipliate 1    " 

Mercuric  Chioridc, H    " 

Hydric  Acet&U\  Glacial, 5     " 

WaUT W    " 

The  acetic  acid  should  be  added  at  the  time  of  using,  since  the  com- 
plete mixture  readily  decomposes.  Small  pieces  of  tissue  nmy  be  har- 
dened in  this  solution  in  from  twenty-fonr  to  forty-eight  hours.  They 
should  then  be  carefully  washed  and  preserved  in  eighty- percent  alcohol. 
The  use  of  iodine  to  remove  the  excess  of  sublimate,  as  described  under 
Lang's  solution  above,  is  desirable  here  also. 

Pathological  specimens  which  occur,  or  are  isolated  in  the  form  of 
membranes,  should  be  stretched  with  pins  on  a  piece  of  wood  or  Hat 
cork  before  being  immersed  in  the  preservative  fluids.  Minute  struc- 
tures, such  as  occur  in  exudates  from  the  mucous  membranes  and  in 
cyst  fluids,  renal  casts,  etc.,  may  l>e  hardened  in  Flemmlng's  osmic  acid 
nnxture  or  in  formalin  followed  by  alcohol.  Under  these  conditions  re- 
newals or  changes  of  the  fluids  may  be  effected  in  tubes  by  the  use  of  the 
centrifoga)  machine.  The  specimens  may  finally  be  preserved  ineighty- 
per-eeot  alcohol. 
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DeoaloUying. 

Bones  which  are  the  seat  of  lesiona,  and  calcified  tissues,  most  be 
freed  from  lime  salts  before  thin  sections  can  be  made. 

Tissues  which  are  to  be  decalcified  should  be  in  small  pieces  and  first 
well  hardened  in  alcohol  or  in  Orth's  fluid. 

Rapid  decalcification  may  be  secured  by  the  combination  with  nitric 
acid  of  phlon^luciu,  the  latter  agent  preventing  the  swelling  of  the  tissue 
elements.  One  gram  of  phlorogluciu  is  dissolved  with  gentle  heat  in  5 
c.c.  of  nitric  acid.  This  solution,  when  eS'ervescence  has  ceased,  is  of  a 
ruby-red  color.  To  this  are  added  70  c.c.  of  strong  alcohol  and  30  c.c. 
of  water.  This  solution  deteriorates  with  age.  Small  pieces  of  bone  or 
other  tissue  are  suspended  by  thread  in  relatively  large  quantities — at 
least  twenty  times  the  balk  of  the  specimens — of  this  fluid.  In  from  one 
to  twenty-four  hours,  depending  upon  the  size  of  the  piece  of  bone, 
the  decalcification  is  usually  complete.  The  specimen  is  now  wa^ed 
thoroughly  in  running  water ;  put  for  twenty-four  hours  in  eighty-per- 
cent alcohol  and  then  in  strong  alcohol.  Bone  decalcified  in  this  way 
may  be  stained  with  heematoxylin  and  eosin. 

Embedding  and  Section  Cuttii^. 
BHBBDDZNO. 

Some  dense  tissues,  after  being  well  hardened,  are  sufficiently  solid  to 
I>enuit  of  thin  sections  being  made  from  them  without  further  prepara- 
tion, but  in  most  cases  very  thin  sections  cannot  be  prepared  without  fill- 
ing the  interstices  of  the  tissue  with  some  embedding  material,  which 
gives  it  greater  consistence  and  holds  the  tissue  elements  firmly  in  their 
natural  relations  to  one  another,  while  (he  section  is  being  made.  Cel- 
loidin  and  paraffin  are  the  most  geuerally  useful  materials  for  this 
puri>oBe. 

Celloidin,  a  non -explosive,  purified  form  of  gun-cotton,  is  best  ob- 
tained in  the  form  of  thin  shavings,  since  in  this  form  it  is  most  easily 
dissolved.  A  six-percent  solution  is  made  in  equal  part  of  sulphuric 
ether  and  strong  alcohol.  The  specimen  in  small  pieces  is  soaked  for 
twelve  hours  in  this  celloidin  solution,  diluted  with  an  equal  amount  of 
the  mixture  of  alcohol  and  ether,  then  for  twelve  hours  in  the  six-per- 
cent celloidin  solution.  If  the  specimen  be  small  and  require  but  little 
support,  it  may  now  be  laid  directly  on  the  end  of  a  small  block  of  wood 
or  cube  of  glass  or  vulcanite,  and  a  few  drops  of  celloidin  poured  around 
it.  In  most  cases,  however,  it  is  better  to  make  a  small  paper  box,  in 
which  the  specimen  is  i)laced  in  a  proiwr  i>o9ition,  and  the  celloidin 
poureil  in  around  it  so  as  completely  to  enclose  it.  In  either  case  a  con- 
siderable quantity  of  celloidin  should  be  poured  around  the  specimen, 
since  the  celloidin  shrinks  considerably  in  hardening.  The  paper  box 
may  be  made  by  winding  a  strip  of  thin  paper  around  the  end  of  the 
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sapportiug  block,  allowing  it  to  project  for  a  Bofficieot  distance  beyond 
the  end.  The  paper  is  held  in  place  by  a  rubber  band.  We  have  thus 
a  cylindrical  box  with  a  solid  t>ottom  projecting  below  it  by  which  the 
whole  caa  be  held  in  the  clamp  of  the  microtome. 

After  the  specimen,  either  free  on  the  end  of  the  block  or  in  its  box, 
is  surrounded  by  celloidin,  it  should  be  allowed  to  stand  for  a  short  time 
exposed  to  the  air,  so  that  the  celloidiu  may  harden  on  the  outside  by  the 
evaporation  of  the  ether.  If  the  temperature  be  high,  the  too  rapid 
evaporation  of  the  ether  will  cause  bubbles  to  appear  in  the  mass.  This 
should  be  avoided  by  covering  the  specimea  with  a  bell-jar.  After  the 
celloidin  mass  has  acquired  sufficient  hardneas  on  the  outside  ^o  keep  its 
shape,  the  whole  should  be  placed  in  eigbty-per-ceut  alcohol,  in  which 
the  celloidin  will  harden  and  acquire  a  sufficient  consistence  for  cutting 
in  a  few  hours.  When  this  is  accomplished  the  paper  may  be  stripped 
off,  and  the  specimen  is  ready  for  sectioning. 

After  the  sections  have  been  cut  they  may  be  stained  in  the  usual  way 
{see  below)  and  mounted  in  glycerin  or  balsam.  If  mounted  in  balsam, 
the  oil  of  origanum  cretici  is  used  for  clearing. 

The  uncut  portion  of  tissue  may  be  preserved,  emliedded  in  celloidin, 
by  keeping  it  In  eighty-per-cent  alcohol.  It  is  better,  in  permanent 
preservation  of  uncut  celloidin-embedded  specimens  in  bulk,  to  cut  them 
off  from  the  wooden  blocks,  since  alcohol  extracts  from  these  a  dark 
resinous  material  which  colors  the  specimen  and  interferes  with  the 
staining  of  sections.  If  glass  or  vulcanite  blocks  be  used,  the  whole  may 
be  kept  in  alcohol. 

Stepanow  has  recently  devised  a  more  rapid  procedure  iu  celloidin 
embedding.  The  celloidin  solution  is  made  by  the  following  formula,  a 
few  day  being  required  for  dissolving: 

Celloidin, IS  gm. 

Oil  of  ClovM 50  CO. 

Ether, 200   " 

Absolute  Alcohol 10    " 

The  hardened  specimen  is  transferred  from  strong  alcohol  to  a  small 
portion  of  the  solution  in  a  closed  bottle.  In  from  three  to  six  hours  a 
small  piece  of  ordinary  tissue  is  usually  impregnated.  It  is  then  put  in 
position  on  the  mounting  block  and  placed  in  pure  chloroform.  In  this 
the  proper  consistency  for  section  cutting  is  secured  in  from  two  to  three 
hours,  after  which  the  whole  is  transferred  to  eighty-per-cent  alcohol. 
If  the  specimen  remaining  after  sections  have  been  secured  is  to  be  kept, 
it  should  t>e  removed  from  the  block  and  placed  in  chloroform. 
For  further  details  of  this  method,  see  the  original  description." 
Paeaffin. — For  some  purposes,  especially  when  extremely  thin 
though  not  large  sections  are  required,  paraffin  embedding  is  almost  in- 
dispensable. The  sections  of  tissues  thus  embedded  may  be  cut  exceed- 
ingly thin  (2  to  3  n,  or  even  1 ,",  with  the  Miuot-Blake  microtome)  and 

>  StepaniM,  Zeitscbr.  f.  ntosenscbaftl.  Milcroscopie,  Bd.  xvit.,  p.  186.  1900. 
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when  tliese  are  &xeii  tb  the  slide  aad  appropriately  stained,  the  condi- 
tious  for  the  study  of  cytological  details  are  more  favorable  thau  by  any 
other  method.  For  the  paraiSii  technique  the  specimen  shonld  be  small, 
say  i  ce.  as  a  maximum  limit.  The  specimen,  freed  from  the  preserva- 
ti\'e  fluid,  is  dehydrated  by  graded  alcohols  as  follows:  thirty  per  cent, 
fifty  per  cent,  seventy  per  cent,  eighty-five  per  eenl,  and  finally  ninety- 
five  per  cent,  remaluing  in  each  of  these  alcohols  for  Iwo  or  several 
hours,  and  is  theu  placed  in  absolute  alcohol.  Complete  dehydration  of 
the  specimen  is  indispensable,  for  if  the  slightest  trace  of  water  In*  left 
in  the  specimen,  shrinkage  or  other  artificial  changes  in  the  tissues  are 
apt  to  occur,  when  the  specimen  is  transferred  to  the  dealing  media 
preparatory  to  immersion  in  the  melted  parafRii. 

When  the  specimen  is  thoroughly  dehydrated  by  at>solute  alcohol,  it 
may  be  put  iu  xylol  or  oil  of  cedar,  remaining  in  this  until  it  sinks  and 
t>ecomes  clear.  It  \\  then  immersed  in  a  small  <lish  or  glass  box  of 
melted  pai-affin,  kept  in  a  constant  temperature  bath  held  at  r>2°  C, 
where  it  remains  until  completely  permeated  by  the  parafSii.  It  is  best 
to  use  paraffin  which  has  a  melting-point  of  50°  C.  After  the  specimen 
has  remained  for  a  while  in  the  first  disli  of  inelled  paraffin,  it  is  trans- 
ferred to  a  second  and  theu  to  a  thinl  dish  of  the  same,  in  order  to  re- 
move any  clearing  oil  remaining  in  the  specimen.  The  length  of  time  of 
the  paraffin  immersion  depends  upon  the  size  and  density  of  the  speci- 
men; usually  oue-half  hour  is  sufficient  for  small,  soft,  or  porous  frag- 
ments; an  hour  or  one  and  a  half  hours  for  larger  and  denser  tissues. 
A  longer  i)eriod  of  immersion  may  interfere  with  the  finer  structural 
details  of  the  tissues. 

A  small  paper  box  considerably  lar^r  than  the  specimen  itself  is 
filled  with  melted  paraffin,  and  with  a  warm  needle  or  forceps  the  speci- 
men is  transferred  to  the  paper  box  and  set  in  its  proper  position  in  the 
bottom,  so  that  the  surface  to  be  cut  lies  against  the  bottom  of  the  box. 
In  order  to  avoid  the  slow  cooling  of  the  paraffin  around  the  specimen  in 
successive  layers,  which  prevents  the  formation  of  a  homogeneons  mass, 
the  paper  box  with  its  contents  is  quickly  cooled  by  being  put  into  cold 
water,  even  iced  water.  WTien  the  paraffin  block  is  hard,  it  is  fastened 
with  paraffin  on  to  one  of  the  various  discs  belonging  to  the  paraffin 
microtome,  trimmed  so  as  to  have  a  rectangular  cutting  surface,  and 
sections  are  cut  with  a  drj'  knife.  In  order  to  stain  these  sections, 
the  paraffin  must  be  I'emovedfrom  the  interstices;  this  maybe  done  with 
xylol.  But  when  the  supporting  paraffin  is  removed  from  the  sections 
they  are  liable  to  fall  to  pieces  during  the  further  staining  and  other 
manipulations.  The  only  practical  plan  therefore  with  the  great  major- 
ity of  paraffin  sections  is  to  affix  them  to  a  slide  and  carrj'  them  in  this 
way  through  the  various  staining  and  mounting  procedures. 

The  best  way  of  affixing  delicate  pai-afiiu  sections  to  a  slide  is  by 
means  of  a  thin  film  of  albumen.  Equal  parts  of  white  of  egg  and  gly- 
cerin are  thoroughly  stirred  together,  filtered  through  paper,  and  a 
small  amount  of  carbolic  acid  is  added  to  prevent  the  growth  of  micro- 
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ort^nisms.  A  very  small  drop  of  this  albumen  mixture  is  placed  ou  one 
end  of  tlie  slide,  and  with  the  ball  of  the  finger  or  a  fold  of  cloth,  it  Is 
spread  over  the  rest  of  the  slide  in  as  thin  a  film  as  possible.  While  this 
scarcely  perceptible  film  of  albumen  fixative  is  still  moist,  the  paraffin 
sections  or  the  ribbons  of  serial  sections  divided  into  proper  lengths,  are 
laid  upon  the  film  and  gently  tapped  down  flat  with  a  small  camePs-hair 
brush  or  the  finger-tip.' 

The  slide  with  the  attached  parafBu  sections  is  now  heated  over  a 
flame,  warmed juHtsafficientlytobegin  tomelt  the  paraffin;  thisisavery 
delicate  point  in  the  operation.  Just  enongh  heat  must  be  used  to  melt 
the  paraffin  and  no  more.  If  the  slide  be  heated  beyond  this  point,  the 
sections  may  be  shrunken  or  completely  ruined.  WTiile  the  slide  is  still 
warm,  it  is  prunged  into  a  jar  of  xylol,  oscillated  to  and  fro  a  few  sec- 
onds, then  placed  in  a  jar  of  absolute  alcohol,  then  passed  through  a 
series  of  jars  containing  different  strengths  of  alcohol — niuety-five  per 
cent,  seventy  per  cent,  fifty  per  cent,  and  thirty  per  cent,  remaining  a 
few  minute  in  each,  and  finally  into  water.  Now  the  sections  upon  the 
slide  may  be  stained  in  whatever  way  desired,  carried  np  through  the 
graded  alcohols  to  absolute  alcohol,  then  cleared  in  xylol  or  other  clear- 
ing media,  and  mounted  in  balsam. 

Tightly  covered  cylindrical  jars — the  Coplia  jar  is  excellent — or  wide- 
mouthed  bottles  are  used  for  tbe  better  manipulation  of  paraffin  sections, 
the  whole  slide  being  dropped  into  the  receptacle  for  staining  as  well  as 
for  the  dehydration  and  clearing. 

SBOnON  OVTTINO. 

This  may  be  done  in  an  emergency  by  the  free  hand  witii  a  razor 
ground  flat  on  the  lower  side,  but  better  sections  can  be  obtained  by 
means  of  a  iricrotome,  and  practically  all  section  cutting  for  microscop- 
ical purposes  is  done  by  some  form  of  this  instrument.  One  of  the 
most  useful  of  these  is  Thonia's.  The  Schanze  microtome  is  also  well 
adapted  for  general  work,  as  are  some  of  the  American  instrnraents 
made  on  the  same  plan.  For  cutting  sections  of  tissues  embedded  in 
paraffin,  and  especially  for  serial  sections,  the  Minot  microtome  of  the 
improved  form — the  Blake-Minot  microtome  can,  in  skilled  hands,  cut 
sections  1  /i  in  thickness — is  excellent. 

'  Not  infrequeutly  very  thin  paraffin  sectioDS  curl  or  become  comigated  as  thej- 
kave  the  knife,  so  that  it  is  difflciilt  to  place  tliem  flat  upon  the  flicative  tllm.  Should 
this  occur,  a  few  drops  of  water  may  bo  spread  out  in  a  thin  layer  over  the  albumen 
film  wbileit  is  Htill  moist  on  the  slide,  and  the  whole  slide,  with  the  layer  of  w&tet  upoo 
its  surface,  is  very  gently  heated  over  the  flame— juat  sufficiently  to  soften  but  not  to 
melt  the  parafllD.  If  the  sections  are  then  floated  od  the  warm  layer  of  water,  tliey  will 
uncurl  and  flatten  out.  The  water  la  then  drained  off,  wlien  the  flattened  sections  will 
lie  fiat  upon  the  fixative  film  and  remain  fastened  there.  All  traces  of  the  water  are 
now  allowed  ui  evaporate  in  the  air;  or,  the  evaporation  of  tbe  water  may  be  liastened 
bj  exposure  to  a  temperature  four  or  five  degrees  below  ilie  melting-point  of  iha 
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methods  of  Staining. 

Sections  of  hardened  tissues  noay  be  stained  for  microscopical  stndy 
in  a  variety  of  ^ays,  bat  for  routine  work  the  double  staining  with 
heematozylin  and  eodn  is  most  generally  useful,  and  is  applicable  to 
nearly  all  cases. 

H^iaiATOxTLiN  solutiou  (Delafield's)  is  prepared  as  follows:  To  100 
c.c.  of  saturated  solution  of  ammonia  alum  add  1  gram  of  biematoxylin 
crystals  dissolved  in  6  c.c.  of  ninety-five-per-ceut  alcohol.  This  solution 
is  exposed  to  the  light  for  a  week,  the  color  meanwhile  changing  from  a 
dirty  red  to  a  deep  bluish-purple  color.'  Then  25  cc.  each  of  glycerin 
and  wood  naphtha  are  added.  This  mixture  is  allowed  to  stand  for  a  day 
or  two  and  is  then  filtered,  and  the  filtration  is  repeated  at  intervals  until 
a  sediment  no  longer  forma 

The  solution  is  now  ready  fpr  staining,  the  beat  results  being  obtained 
by  diluting  the  dnid  with  from  ten  to  twenty  times  its  balk  of  water. 
The  sections  are  immersed  in  the  fluid,  and  allowed  to  remain  until  they 
have  acquired  a  distinct  purple  color  which  persists  after  rinsing  in 
water.  They  are  now  placed  for  a  moment  iu  a  dilute  alcoholic  solntion 
of  eosin,  and  then  mounted  in  glycerin  which  has  been  colored  lightly 
with  an  alcoholic  solution  of  eosin.  In  this  way  the  nuclei  of  the  cells 
will  be  stained  of  a  purple  color,  while  the  cell  bodies,  and  to  a  certain 
extent  the  intercellular  substance,  will  be  colored  a  light  rose-red. 

If  specimens  are  to  be  mounted  in  Canada  balsam,  they  are  stained 
with  heematoxylin  aa  before,  and  the  eosin  staining  is  done  by  tinging, 
with  a  saturated  alcoholic  solution  of  eosin,  the  alcohol  with  which  the 
final  dehydration  of  the  specimen  is  accomplished,  A  similar  result 
may  be  obtained  by  tinging  the  oil  of  cloves  or  origanum  with  which  the 
clearing  of  the  sections  is  effected. 

Iron  Hematoxylin  (Ifeidenhain'8). — Sections  are  soaked  for  an  hour 
in  a  two-percent  solution  of  ammonia  sulphate  of  iron,  then  rinsed  with 
water  and  put  for  an  hour  in  a  one-half-per-cent  aqueous  solution  of 
heematoxylin  (prepared  by  heating) ;  again  rinsed  and  put  again  in  the 
iron  solution,  in  which  the  color  gradually  fades.  The  section  must  be 
watched  during  the  process  of  the  difi'erentiation  whidi  takes  place  in 
the  iron  solution,  aud  when  this  is  accomplished  to  a  proper  extent  the 
section  is  thoroughly  washed  in  running  water  and  mounted  in  the  usual 
way.  This  method  is  especially  valuable  for  the  study  of  nuclear  struc- 
tures, the  color  of  these  ranging  from  blue  to  black,  depending  upon  the 
length  of  time  of  immersion  in  the  stain  and  the  grade  of  differentiation. 

By  the  use  of  this  method,  micro-organisms  may  be  stained  black,  and 
in  this  condition  are,  as  Leaming  has  shown,  well  fitted  for  the  purposes 
of  photomicrography. 


Digitized  by  Google 


PEE8EBVING   AND  PREPAEING  PATHOLOGICAL  BPECIMEN8.  59 

PiCBO-AciD  Fuc^N  {Van  Gieaon's  SUtin). — This  double  stain,  first 
suggested  by  Van  Gieson,  especially  for  the  uerve  tissue,  has  wide  ap- 
plicationa  in  both  normal  and  patholc^ical  histology,  and  is  most  useful 
when  following  a  deep  hsematoxylin  stain. 

It  colors  the  fibrillated  conaective-tissne  fibres  and  the  neuroglia  in 
general  a  bright  or  garnet  red,  and  also  the  axis  cylinders  and  ganglion 
cells.  Myelin,  muscle  fibres,  and  certain  other  cells  are  stained  yellow, 
while  the  nuclei  after  the  htematoxylin  stain  are  brownish-red  iu  color. 
Van  Gieson's  stain  is  also  of  value,  although  its  limitations  in  this  par- 
ticular are  not  yet  fully  determined,  as  a  coloring-agent  for  hyalin, 
amyloid,  colloid,  and  mucin  in  the  tisuea.  As  a  differential  stain  for 
fibrillated  connective-tissue  fibres  it  is  of  value  in  the  study  of  various 
tumors  and  especially  of  the  sarcomata. 

It  is  commonly  prepared  in  two  strengths,  the  stronger  for  use  espe- 
cially in  nerve-tissue  staining,  the  weaker  for  general  purposes.  The 
formulae  and  method  of  using  as  suggested  by  Preeborn'  are  as  follows: 

Piero-aeid  Fuehsin. 
Stronger  miiution — 

One-per-cent  aqueous  solution  Acid  Fuchgin,     .         .  .15  c.c. 

Baturated  aqueous  solution  E*icric  Acid  aod  Water,  each  50  " 

Wtaker  totutimi — 

One-per-cent  aqueous  Acid  Fuchsia 5  " 

Saturated  aqueous  solution  Picric  Acid, 100  " 

The  tissues  may  be  hardened  either  in  alcohol,  or  in  Orth's  fiuid,  or 
in  formalin. 

Sections  are  first  stained  deeply  with  beematoxylin,  washed  in  water, 
and  put  into  the  staining  fiuid,  in  which  they  remain  for  varying  periods, 
depending  upon  the  tissue  and  the  strength  of  tiie  stain,  but  in  general 
from  one  to  five  minutes.  The  sections  are  now  rapidly  dehydrated  by 
alcohol,  cleared  with  oil  of  origanum,  and  mounted  in  balsam. 

Mallory's  Anilin  Blue  Stain. — This  stain  is  especially  useful  in 
bringing  out  in  blue  the  fibrillse  and  reticulum  of  connective  tissue, 
though  various  hyaline  substances  are  similarly  colored.  The  nuclei, 
protoplasm,  elastic  fibi'es,  axis-cylinders,  neuroglia-fibres,  and  fibriu  are 
stained  red ;  white  red  blood  cells  and  myeliu-sheaths  are  yellow. 

The  details  of  the  method  are  as  follows:' 

1.  Fix  in  corrosive  sublimate  or  in  Zenker's  fiuid. 

2.  Embed  in  celloidin  or  paraffin. 

.3.  Stain  sections  on  a  1.20  to  1.10  of  a  oue-i»er-ceut  aqueous  solution 
of  acid  fuchsin  one  to  three  minutes. 
4.  Wash  in  water. 
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5.  Place  iu  a  oue-per-ceiit  aqueous  solution  of  pbospbomolybdic  acid 
for  one  minute  or  longer  (use  glass  or  platinum). 

6.  Wafih  in  two  eliaiigesof  water. 

7.  Stain  in  the  following  solution  for  five  to  twenty  iniuutee. 

Aniline  blue  soluble  In  wal*r  (Grtlbler)  ,  .                  .0.5 

Omuge  G.  (Qiiihler),  .         .       2.0 

Oxalic  acid      .        .                -        .  ...      3.0 

Waier .        ,  100.0 

8.  Wash  in  water. 

9.  Dehydrate  in  ninety-five  per  cent  alcohol. 

10.  Blot  on  the  slide,  aud  clear  in  xylol,  or  clear  in  olenin  origani 
oretici. 

11.  Xylol  balsam. 

Methylbnb  Blue  is  a  useful  staiu  lor  niauy  purposes.  The  tissues 
may  be  hardened  in  Zenker's  or  Orth'a  fluid.  Unna's  polychrome  methy- 
lene bine  is  made  by  adding  one  part  each  of  methylene  blue  iuid  potas- 
Hium  carbonate  to  one  hundred  parts  of  water.  This  should  staud  for 
several  weeks  before  use.  The  section  is  overstaiued  and  tlieii  decolor- 
ized aa  follows:  Stain  for  flfteeu  unuute«4  or  longer;  rinse  in  water,  de- 
colorize in  oue-half-per-ctMit  acetic  acid  or  in  alcohol;  clear  in  xylol, 
Thionin  or  toluidin  blue  gives  similar  results.  By  the  use  of  these  stains 
the  bodies  of  plasma  cells  (see  p.  103)  are  coloi'ed  bhiisli- violet,  the 
nuclei  blue.  The  granules  of  "mast  cells"  are  stained  i-ed  if  the  tissue 
be  hardened  in  alcohol  or  Zenker's  fiuid,  bluish  if  hardened  in  Orth's 
fluid. 

Methods  of  Preserring  Specimens  for  Oroes  Demonstration 
and  for  Museums. 

When  specimens  of  abnormal  tissues  or  organs  are  to  l»e  preserved 
entii-e  for  exhibition  in  jars  in  a  niueeuni,  the  superfluous  parts  are  first 
removed  aud  the  requisite  dissections  made.  Then  they  are  etrefully 
placed  iu  the  position  aud  fonn  which  it  is  wished  to  preserve,  by  stuff- 
ing with  horsehair  or  absorbent  cotton  and  by  the  use  of  thread.  When 
thus  carefully  adjusted  they  are  either  susi)euded  or  laid  on  a  wad  of 
absorbent  cotton  iu  sixty  to  eighty- per-cent  alcohol,  or  in  five-jier-cent 
formalin  Kolutiou.  In  this  Ihey  usually  bet^ome  hard,  and  finally,  afler 
the  removal  of  the  temporaiy  stufling  aud  biiices,  are  ti'anKferi'e<l  for 
permanent  exhibition  to  fresh,  clear,  eighty -jwr-cent  alcohol,  or  in  case 
of  formalin  hardening  to  a  fresh  solution  of  the  formalin,  to  which,  if 
the  jar  is  likely  to  be  exposed  to  cold,  a  little  glycerin  is  added  to  pre- 
vent freezing.  This  description  applies  especially  to  such  si>ecimensa8 
have  cavities  to  disteiid  or  display. 

The  more,  simple  specimens,  snch  a-s  the  solid  viscera,  tiinioi-s,  etc., 
may  he  washed  aud  haitlened  in  sixty-per  cent  alcohol  or  in  formalin 
solution. 
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In  iiiaiiy  cases  aii  excelleut  hardening  is  obtained  by  injecting  the 
prenervative  fluid  thi-ongh  the  blood-vessels.  The  lungs  are  well  hard- 
ened by  pouring  the  fluid  through  the  trachea  into  the  air  spaces. 

Firm-walled  cyata  of  various  kinds  are  well  preserved  in  a  condition 
of  distention  by  drawing  off  the  natural  contents  through  a  fine  canula 
and  refilling  with,  and  immersing  in,  formalin  solution.  Delicate  ej/ds, 
such  as  echinococcus  cysts,  small  embryos  ia  their  membranes,  cystic  kid- 
neys, etc.,  may  be  preserved  in  a  nearly  natiu^l  condition  in  formalin. 

Kaiserlii^'8  Method  of  Fixinfr  Natural  Colors  in  Museum 
Specimens.' 

I.   Fixation  for  one  to  five  days  in : 

Formatdebf  de 200  c.c 

Water 1000  " 

Nitrate  of  polassiuni IS  gnnis 

Acetate  of  potasuuni     ......       80      " 

Change  the  position  of  the  specimen  frequently.  The  time  of  fixation 
varies  with  the  tissue  or  organ  and  size  of  the  specimen. 

2.  Drain  and  place  in  eighty -per- cent  alcohol  one  to  six  hours,  and 
then  in  ninety- five-per  cent  alcohol  for  one  to  two  hoars,  to  restore  the 
color,  which  is  somewhat  affected  in  the  fixing  solution. 

3.  Preserve  in : 

Acetate  of  potaaalum 300  granie 

Glycerin 400  c.c. 

Water    ...  3000     " 

Since  exposure  to  light  reduces  the  color  contrasts  the  specimen  should 
be  prepared  and  kept  in  the  dark. 

The  Importance  of  Careful  Fixation  and  Preservation. 

We  would  most  urgently  commend  to  the  reader  the  importiance  of 
putting  pathological  specimens  which  are  to  be  hardened  and  subse- 
quently examined  microscopically,  at  the  earliest  possible  moment  into 
the  preservati\e  fluids,  wAtcA  ahovld  alicays  be  abundant.  Furthermore, 
when  specimens  are  lai^  it  is  very  desirable  to  cut  them  open,  so  that 
tbe  fluids  may  come  into  direct  contact  with  the  tissues.  It  should  be 
borne  in  mind  that  immediately  after  death  or  the  removal  of  parts  from 
the  body,  especially  in  warm  weather,  changes  commence  in  the  tissues 
and  progress  very  rapidly,  so  that  in  some  cases  a  few  hours'  or  even  a 
few  moments'  delay  will  not  only  render  subsequent  microscopical  exam- 
inations difficult  and  unsatisfai'torj',  but  may  lead  to  serious  errors.  Al- 
cohol, and  five-percent  formalin  are  ttie  most  generally  useful  agents. 
Oirfiolic  acid  and  glycerine  should  not  be  used,  even  for  the  temporary  preser- 
'Sot  Mallori/ ttnd  Wright:  "Pathological  Tecbniqne,"  1001,  p.  860, 
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vatUm  of  fresh  tisaue.  They  not  only  do  DOt  harden  and  preserve  tbe 
tissue  elements,  but  tbey — especially  glycerin — render  them  almost  use- 
less for  microSGopio  examination. 

The  not  uncommon  practice  of  wrapping  a  specimen  in  a  cloth  soaked 
in  alcohol  or  carbolic  acid,  and  permitting  it  to  remain  in  this  for  hours 
or  days,  is  of  no  use  whatever  in  preserving  specimens  of  which  micro- 
scopic examinations  are  to  be  made.  Almost  equally  useless  is  the  too 
common  practice  of  placing  a  specimen  in  a  bottle  which  it  nearly  fills, 
and  pouring  a  little  preservative  fluid  around  it.  Not  only  should  tbe 
proper  fluids  be  used,  but  these  should  be  abundant,  and  tbe  specimen 
so  prepared  and  arranged  that  they  may  come  into  direct  contact  with  it. 
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INTRODUCTION. 

The  successful  pursuit  of  pathology — the  science  which  treats  of 
disease— depends  largely  upon  the  cleaniess  and  accuracy  of  the  stu- 
dent's knowledge  of  normal  anatomy  and  uormal  physiology. 

Leaving  aside  as  not  iudispenBable,  and  at  present  Dot  attainable,  an 
accurate  definition  of  life,  it  is  important  constantly  to  realize  that  the 
normal  li(ing  body  is  a  complex  and  delicate  mechanism  incapable  of 
creating  new  forces  but  able,  by  means  of  its  cellnlar  and  moleenlar  or- 
ganization, to  accumulate  or  store  energy  derived  from  without,  releas- 
ing thiK  under  fixed  and  definite  eruditions.  This  storing  of  enei^y  is 
possible  by  means  of  the  capacity  of  living  body-cells  to  build  up  com- 
plex molecular  combinations.  These,  owing  to  their  instability,  may  be 
readily  re«olve<l  into  less  complex  and  more  stable  combinatious  with 
the  release  of  the  stored-np  energy.  This  it  is  which  makes  possible  all 
expression  of  life, 

Mauy  of  the  earlier  views  concerning  life  and  death  and  health  and 
disease,  which  have  long  since  given  way  to  more  accurate  conceptions, 
still  hold  a  certain  sway  among  the  thoughtless,  perpetuated  by  tradi- 
tional forms  of  speech.  One  of  these  is  that  disease  is  an  entity,  some- 
thing foreign  to  the  body  which  may  enter  from  without,  and  with  which 
the  IXKly  may  struggle  and  fight,  which  it  may  conquer  or  to  whose  rav- 
ages it  may  succumb.  It  will  be  wis»i  for  the  student  constantly  to  re- 
meinbei'  that  disease  is  not  a  thing,  but  a  process.  It  is  an  abnormal 
l>erformi)nce  of  certain  of  the  functions  of  the  body.  This  may  or  may 
not  l>e  associated  with  appreciable  morpholt^cal  alterations  of  the  body 
siructui-e.  It  is  those  agencies  and  couditioiLs  to  which  the  body  ha^ 
not  adapted  itself,  which,  swaying  its  normal  capacities  now  one  way  and 
now  another,  iudnc«  the  functional  aberrations  and  structural  alterations 
by  which  disease  is  manifested. 

It  follows  from  this  that  the  functional  abnormalities  and  the  struc- 
tural alterations  which  make  up  the  signs,  symptoms,  and  lesions  of  dis- 
ease involve  the  expression  of  no  new  fuuctioual  capiurities  which  the 
normal  l>ody  does  not  possess.  These  may  Ite  dimiuished  or  exalted, 
they  may  be  perverted  or  abolished ;  or  the  cells  may  uom'  and  then  re- 
vert to  forms  and  to  phases  of  iictivity  which  the  body  has  long  since 
outgrown  or  lately  suppressed  in  its  slow  adaptation  to  conditions  of 
life  which  now  constitute  the  normal.  But  the  body  in  disease  manifests 
no  new  fimctious,  develops  no  new  forms  of  cnei^y,  i-eveals  no  new  ca- 
pacities. 

Thus,  if  patbolog>-  is  to  be  for  the  student  or  the  practitioner  any- 
thing but  a  uiasa  of  more  or  less  useful  facts,  he  must  le-arn  to  correlate 
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its  data  with  the  facts  and  laws  of  uormal  morpholt^ry  and  normal  phys- 
iol(^y.  While  he  sliould  he  conscious  always  on  the  one  hand  of  the 
invisible  molecnlar  changes  which  iiuderlie  the  manifestations  of  energy, 
and  on  the  other  will  not  ignore  the  details  of  gross  morphology,  his  at- 
tention will  be  most  constantly  drawn  to  the  cells  as  the  life  units  upoii 
which  ultimately  both  the  fonn  and  function  of  living  things  dei>eud. 
He  will  realize  that  as  the  cells  of  the  normal  body  are  what  they  are  in 
form  and  in  function  because  of  the  conditions  under  which  they  have 
been  slowly  evolved,  and  are  at  the  moment  placed ;  so  when  the  condi- 
tions change  and  become  abnormal,  it  is  to  the  cells  that  he  must  look 
for  an  understanding  of  the  aberrations  and  disturbances  by  which  we 
recognize  disease. 

In  uormal  physiology  attention  ia  most  keenly  ceuli'ed  to-day  upon 
the  structure  and  performances  of  cells  as  the  field  richest  in  the  prom- 
ise of  significant  revelations.  So,  also,  in  pathology  by  similar  methods 
and  with  eiiual  i)ersisteue«  mnst  the  structure  and  performances  of  cells 
under  abnormal  conditions  be  studied  if  we  are  to  hope  with  reason  for 
a  clearer  comprehension  of  disease.  This  has  long  been  recognized,  and 
to  the  conception  of  the  pathological  processes  as  essentially  cellular 
processes  are  dne  the  great  ad\'auces  which  this  phase  of  biological  science 
has  made  during  the  past  few  decades.  But  the  newer  knowledge  of  the 
cell,  not  as  a  membranous  bag  nor  as  a  mere  lump  of  protoplasm  but  as 
a  complex  machine  whose  various  stmctural  features  are  of  the  utmost 
significance,  has  greatly  widened  the  field  of  cellular  pathology. 

Manifestations  of  heredity  which  ai-e  displayed  in  the  body  as  a 
whole  have  long  been  known.  To-day  we  may  and  must  take  accouut 
of  the  nuirk»  of  heredity  iu  individual  cell  life.  Sot  a  few  of  what  we 
call  the  abernino«s  of  cells  in  disease  are  but  tie  expression  of  cell  traits 
and  capacities  latent  in  the  environment  which  has  become  the  usual  and 
therefore  the  normal,  but  finding  expression  as  the  sway  of  the  body- 
oi^anism  is  released  under  distui'bances  of  its  equilibrium.  Thus  cells 
thrown  out  of  function  may  in  a  measure  revert  in  character  to  less  dif- 
ferentiated types,  and  cells  long  comparatively  quiescent  may  under 
varying  stimuli  assume  capacities  and  forms  which  they  seemed  to  have 
out  g  row  u. 

Of  course  iu  the  pursuit  of  pathol«^cal  morphology  it  is  the  dead 
body  and  dead  tissues  with  which  we  are  most  often  engaged.  But  these 
are  of  special  interest  only  !is  they  revesil  structures  or  indicate  proces.ses 
which  were  maintained  during  life.  So  that  he  who  can  most  closely 
correlate  the  knowledge  of  the  living  cells  with  his  ol)ser\atious  upon 
those  which  are  dead  will  gain  most  from  his  niorphol(^caI  studies. 

WTiile  the  pathol<^y  of  to-day  is  esseutijilly  a  cellular  pathology, 
while  it  is  illuminating  and  convenient  to  consider  the  cells  as  physio- 
logical and  structural  units,  maintaining  a  certain  independence  of  ex- 
istence and  function,  it  is  nevertheless  true  that  beyond  their  mere  jux- 
taposition in  the  bo<ly,  l)eyond  a  close  mutual  dependence  upon  the 
common  blood  supply  and  nerve  control,  there  is  a  subtle  and  as  yet 
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lUtie  understood  traiismissiou  of  physiological  impulses  from  cell  to  c«ll. 
"Whether  this  is  by  protoplasmic  continuity  or  iu  some  other  way,  we  do 
not  know.  Bnt  it  should  not  be  left  out  of  the  account  in  some  of  the 
more  complete  and  subtle  problems  which,  in  health  as  in  disease,  the 
life  of  the  cell  and  the  life  of  the  body  present. 

When  we  study  the  so-called  causes  of  disease,  we  should  remember 
always  that  underlying  the  manifestations  of  disease,  as  well  as  sustain- 
ing the  correlated  processes  which  we  name  health,  are  the  complex  and 
ceaseless  chemical  transformations  which  in  both  health  and  di^iease 
alike  supply  the  euei^y  which  sustains  all  espresaiou  of  life.  So  that 
what  we  are  wont  to  call  the  causes,  whether  external  or  internal,  of  dis- 
ease are  really  not  primary  causes,  but  liberating  impulses  or  excitants 
which  sway  and  modify  the  orderly  transformations  of  energy  constitut- 
ing health  with  those  manifestations  of  perturbed  function  or  altered 
structure,  or  both,  on  which  our  conceptions  of  disease  are  framed. 

Pathology,  then,  deals  with  the  disturbances  of  function  and  the  al- 
terations in  structure  in  living  beings,  induced  by  unusual  agencies  and 
cMinditions.  The  functional  disturbances  thus  induced  are  embraced  as 
symptoms  of  disease  in  patholoffical  physiology,  which  so  largely  dominates 
the  scientific  activities  of  the  physician,  and  forms  the  ttasis  for  the  pnic- 
tiw  of  his  art.  The  phenomena  of  x>^thological  physiology  ai*  iu  no 
sense  opposed  to  those  of  normal  physiology,  but  are  their  inevitable 
correlatives  when  the  living  body  is  placed  under  sufBciently  abnormal 
conditions,  i^fto/ojncff/ morpAo/o^.!/ is  concerned  with  the  structuml  al- 
terations of  the  oi^nism  which  may  result  from  abnormal  conditions. 
Pathological  morphology  deals  with  both  the  gross  and  the  microscopic 
alterations  of  structure,  and  heuee  embraces  both  pathological  anatomy 
and  pathological  histology. 

But  alterations  in  structure  are  so  closely  associated  with  distiiibanoes 
in  function,  and  both  are  so  constantly  dependent  upon  the  inciting  fac- 
tors in  disease,  that  an  intelligent  study  of  morphology  necessitates  a 
constant  consideration  of  etiology  and  of  certein  phases  of  pathological 
physiologj-. 

It  is  customary  and  convenient  in  the  study  of  pathology  to  consider 
together  the  general  or  elemeulary  abnormal  processes  and  conditions 
and  the  etiological  factors  in  disease  without  I'eference  to  their  special 
manifestations  in  particular  organs  or  parts  of  the  body.  This  division 
of  the  subject  is  called  General  Pathology.  Special  Pathology  deals  with 
the  forms  and  details  of  lesions  iu  individual  organs  or  parts  of  the 
body. 

The  human  body  is  so  complex  iu  its  organization  that  the  student  of 
pathology,  like  the  student  of  normal  morphology  and  physiology,  is 
under  the  constant  necessity  of  seeking  light  through  the  study  of  sim- 
pler ot^nisms.  In  our  extremely  differentiated  and  intimately  co-ordi- 
nated cells,  many  features  fundamentally  simple  are  veiled  or  modified ; 
so  that  we  can  understand  them  only  when  we  interpret  them  in  the 
light  of  less  advanced  forms. 
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Thus  it  is  that  in  the  lore  of  the  zoologist  and  the  botanist  we  tuay 
find  the  key  to  obscure  and  iniportaiit  manifestatious  of  aberraut  cell 
life.  It  in  in  truth  through  the  pursuit  of  Comparative  PaOiolog}/  that 
some  of  our  gi-eatest  advances  iu  the  coucepfions  of  disease  have  beeu 
■won,  and  in  it  lies  the  brightest  promise  for  the  future.  Iu  the  light  of 
enibrjology  many  obscure  pathological  processes  become  plain  and  many 
clews  to  fruitful  research  are  secured. 

Furthermore,  so  much  depends  upon  the  metAbolisni  of  the  body  iu 
health  and  disease  that  it  is  to  ehemii^ry,  both  physiological  and  patho- 
logical, that  the  scientific  physician  looks  most  eagerly  for  the  solution 
of  problems  which  each  day  become  more  numerous  and  urgent. 

Finally,  we  are  daily  realizing  more  clearly  that  in  those  complex 
and  subtle  processes  which  we  are  wont  to  call  vital,  such  physical  fac- 
tors as  molecular  constitutiou,  osmosis  and  diffusion,  gravitation,  elas- 
ticity and  pressure  are  of  the  highest  significance  and  cannot  in  our 
studies  be  wisely  ignored. 
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CHANGES    IN    THXl    CIBCT7LATI0N    OF    THE    BLOOD. 
Hypersemia  and  Aneemia. 

There  are  several  nbaomiiil  e«)u(l)tioiis  of  the  circulation  which  at 
death  may  either  alter  cotiKiderably  or  tlisijppear  altogether.  Among 
the  more  important  of  these  conditious  are  hgperamtia — excess  of  blood 
in  a  part;  and  wnrt-m mi —deficiency  of  blood  in  a  [art.  These  and  the 
conditions  which  lead  to  them  will  not  Ik;  de8cribe<l  in  detail  in  this 
hook,  which  han  ehiefiy  to  do  with  altei-ationn  of  the  tissue  which  persist 
and  miiy  be  studied  after  death.  Tissues  which  have  lH>eu  the  seat  of 
temporary,  and  sometimes  of  prolonged,  hyiH>riem!a,  iiniy  not  )i;>]Hiir 
abnormal  after  deiith,  or  they  may  look  redder  than  normal ;  the>'  may 
l>e  UHleinatons,  and  more  blood  than  nsnal  may  flow  from  them  when 
incised.  On  microscopic  examination  the  blood-vessels  may  lx>  normal 
in  appearance,  or  more  or  less  distended  with  blood.  Tjong- continued 
hypeiieniia  may  lead  to  hemorrhage  and  transudation,  to  pigmentation, 
to  hyperplasia  of  tissue,  or  to  an  atrophy  of  tissue  through  i)i'es»nre, 
or  even  to  death  of  tissue. 

The  paleness  which  is  characteristic  of  timrmic  tissues  may  not  l>e  evi- 
dent after  death.  Amemia  may  lead  to  no  recognizable  niici-oacopic 
changes.  On  the  other  hand,  if  long  continue<l  it  may  induce  atrophy 
and  fatty  degeneration,  and,  if  excessive,  may  lead  to  death  of  tissue. 

Hsemorrhage  and  Transudation. 

HSHOBBHAOE. 

Hfemorrhage  is  an  escape  of  blood  from  the  heart  or  vessels.  It  may 
opeur  from  a  rupture  of  the  walls  of  the  vessels,  and  is  then  called  hiem- 
orrhage  by  rkerin.  The  rupture  may  be  occasioned  by  injurj*,  by  lesion, 
of  the  walls  of  the  vessels  which  renders  them  too  weak  to  resist  the 
blood  pressure  from  within,  or  it  may  occur  from  the  blood  i)ressiire  in 
the  thin  and  incompletely  deveIox)ed  walls  of  new-formed  vessels  as  in 
granulation  tissue,  tumors,  etc. 

Tinder  other  conditions,  without  recognizable  changes  in  the  ves.sels, 
all  the  elements  of  the  blood  may  become  extravasiited  by  passing, 
without  rupture,  through  their  walls.  This  is  called  htemorrhage  by 
diapedeais.  Such  hieniorrhages  are  usually'  small,  but  may  bt;  veiy  ex- 
tensive. They  occur  in  the  smaller  veins  and  capillaries,  the  cells  and 
fluids  of  the  blood  passing  out  through  the  cement  substance  between  the 
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endothelial  cells.  Althougli  uo  murked  morphological  changes  have 
as  yet  been  detected  which  explain  this  extravasation,  it  is  probable 
that  some  change  in  the  nutrition  of  the  walls  does  occur  which  renders 
tlieni  more  permeable.  Htemorrhage  by  diapedesis  is  apt  to  occur  a«  a 
result  of  venous  congestion,  or  when  the  flow  of  blood  in  the  smaller 
vessels  has  been  suspended  for  some  time ;  or  it  may  result  from  the 
action  of  some  poison,  or  from  an  injury  not  leading  to  rupture;  or  it 
may  occur  in  incompletely  de\'eloped  blood-vessels,  in  tiunors  and  other 
new-formed  tissues. 

In  the  extravasation  of  blood  by  diapedesis  the  white  blood  cells  may 
pass  thi'ough  the  walls  of  the  vessels,  partly  at  least  in  virtue  of  their 
amoeboid  movements;  the  red  cells,  on  the  other  baud,  having  uo  power 
of  siMintaueous  movement,  are,  according  to  Arnold,  carried  passi\ely 
through  the  walls  by  minute  cun-euts  of  fluid  which,  under  the  changed 
condition,  stream  in  increased  force  and  volnme  through  the  endothelial 
cement  substance  into  the  tissue  spaces  outside. 

The  altered  condition  of  the  blood-vessels  leading  to  Lremorrhage  may 
be  locaJ  or  general,  and  in  the  latter  case  it  may  either  be  congenital,  as 
in  some  cases  of  the  biemorrbngic  diatliesis,  or  it  may  be  the  result  of 
a  general  disease,  such  as  scurvy,  purpura,  etc.  The  presence  of  bacteria 
in  the  vessels,  or  of  bacterial  or  other  poLsous  in  the  bloml,  as  in  malig- 
nant endoeai-ditis  and  in  htemophilia  neonatorum,  may  induce  changes  in 
the  walls  of  the  vessels,  leading  to  extravasation, 

"W'l-y  small  hremorrhages  are  called  pclcehiie;  larger,  diffuse  accumu- 
lations of  blood  in  the  interstices  of  the  tissues  are  commonly  called  ec- 
chymmes  or  suffffUlatiom.  A  complete  infiltration  of  a  circumscribed  por. 
tion  of  tissue  with  blood  is  called  a  htonorrhagw  in/ai-ction.  A  collection 
of  blood  in  a  tumor-like  mass  is  called  a  luptatiloiua.  Sometimes  the  ele- 
ments of  tile  tissue  ijito  which  the  blood  escapes  are  simply  crowded 
apart ;  sometimes,  as  in  the  bniin,  they  are  broken  down. 

Tile  extl■a^■a8ated  bliKHl  in  the  tissues  usually  soon  coagulates,  al- 
though excei)tionally  it  remains  fluid  for  a  long  time.  A  certain  num- 
bei-  of  tlie  white  blood  wUs  may  wander  into  adjacent  lymph  ^■essels,  or 
they  may  remain  entangled  with  the  red  cells  in  the  meshes  of  the  fibrin. 
The  fluid  is  usually  soon  absorbed ;  the  fibrin  and  a  portion  of  the  white 
blwKl  cells  disintegrate  and  are  absorbed.  The  ntl  blood  cells  soon  gi\e 
up  tlieir  hfemoglobin,  which  decomposes  and  may  t)e  earried  away  or  be 
deposited  either  in  cells  or  in  the  intercellular  substance  at  or  near  the 
sejit  of  the  ha'morrhagc,  either  in  the  form  of  jcllow  or  browu  granules 
or  :ls  ciystals  of  hivmatoidin.  Sometimes  all  trace  of  extravasations  of 
bloiMl  in  the  tissues  disappeara,  but  fi-wjuently  their  sesit  is  indicate*!  for  a 
long  time  by  a  gi'esvtcr  or  less  amount  of  pigment  or  by  new-formed  con- 
nective tissue.  Occasionally  the  blood  mass,  in  a  more  or  less  degenerated 
condition,  becomes  enovpsuhited  by  connective  tissue,  forming  a  cyst. 

The  action  of  phagocytes  (see  page  lltf)  in  the  disposal  of  dead  ma- 
terial is  here,  as  it  is  under  a  grejit  variety  of  conditions,  an  important 
factor  in  the  i-estoratioii  of  the  iKMly  after  lesion  to  its  normal  conditions. 
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H^ilHOKBHAGES   IN   THE  NeW-BoBN. 

Htemorrhages,  sometimes  extensive,  in  various  parts  of  the  body — 
ga8(ro-int€6tiiial  caual,  month,  nose,  ouvel,  or  the  viscera — are  not  infre- 
quent in  the  first  few  days  of  life.  Aside  from  the  occasional  discovery 
of  ulcers  in  the  gastro- intestinal  oralis,  the  reason  for  these  bEemorrhages 
is  not  evident  at  autopsy.  This  condition  has  been  called  morbus  macu- 
losus  ueonatorum.  Heemoirhages  from  the  skill,  mucous  membranes,  or 
navel  may  take  place  iu  the  syphilitic  new-born.  Hsemoglobinuria  may 
occur  in  epidemic  form  iu  young  children. 

H-SMOPHILIA  {HtBrnorrhoffic  JXathesis). 

This  abnormal  condition  consists  iu  a  liability  to  persistent  haemor- 
rhage on  the  slightest  provocation,  and  is  dependent  upon  some  consti- 
tutional peculiarity  which  is  unknown  to  us.  It  is  usually  hereditary. 
An  uncommon  thinness  of  the  iutima  of  the  arteries  has  been  noticed  in 
some  cases,  and  other  changes  have  been  described ;  but  there  are  no  con- 
stant lesions  associated  with  the  hemorrhages,  as  yet  discovered,  which 
would  satisfactorily  account  for  their  occurrence.  The  htemorrhages  may 
be  traumatic  iu  origin,  or  they  may  occur  spontaueottsly  from  the  mu- 
cous membranes. 

TBANSITDATIOH. 

Transudation  is  the  passage,  through  the  walls  of  the  blood-vessels 
iuto  the  interstitial  spaces  outside,  of  fluid  fiom  the  blood,  with  little  or 
no  admixture  of  its  cellular  elements.  This  occurs  constantly,  to  a  cer- 
tain extent,  under  normal  conditions,  and  forms  the  commencement  of 
the  lymph  circulation.  But  when  the  amount  of  fluid  passing  through 
the  walls  of  the  blood-vessels  is  increased,  or  its  outflow  into  tlie  lai^r 
IjTMph  trunks  is  hindered  so  that  it  accumulates  in  undue  quantity  iu  the 
intersliees  and  lymph  channels  of  the  tissues,  the  condition  is  pathologi- 
cal. An  accumulation  of  transuded  fluid  in  the  interstices  of  the  tissues 
is  calltnl  orilema  ;  in  the  serous  cavities,  drt^sy. 

Its  occurrence  may  depend  upon  some  hindrance  to  the  venous  circu- 
lation or  increase  of  capillary  pressui-e,  especially  when  associated  with 
alterations  in  the  walls  of  the  blood-vessels  or  upon  changes  iu  osmotic 
pi-essui-e  induced  by  a  reduction  in  the  imlrient  efficiency  of  the  blood, 
by  injuries,  or  in  other  ways  which  may  affect  the  proi'esses  of  filtration 
and  osmosis,  by  which  chiefly,  it  is  believed,  the  normal  transudation  of 
fluids  occurs.  There  is,  furthermore,  strong  and  increasing  evidence  tliat 
the  endothelial  cells  of  the  cai>illarie8  possess  active  secretory  or  other 
functional  capacities  which  should  be  taken  account  of  in  the  attempt  to 
comprehend  transudation  as  well  as  many  other  pathological  phenomena 
and  lesions.     A  simple  interference  with  the  outflow  of  lymph  docs  not 

'  For  a  Htudy  of  l3-nipli  formation  sec  Himhurger.  Zie^lcr's  "  Btilrftgc  zur  path, 
Anat.."  Bd.  14,  p  448.  1BQ8,  fur  uedema  see  Meitzei;  IlamugtoD  Lectures,  Univ.  uf 
Bu&lo,  1904. 
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usually  alone  suffice  to  iiidutv 
tnuiHiidatioii,  at  though  it  luuy 
favor  its  occarreiice. 

Tlie  transuded  fluid,  called 
tfanmdaie,  is  usually  ti-ansparcut 
and  coloilcMS or  yellowisli ;  it  coii- 
tuiiis  the  same  salts  as' the  blood 
plasma,  hut  lem  albumin..  It  may 
contain  fat,  nuiciii,  urea,  biliary 
acids,  coloring-matter  of  the  bile; 
fibi-inogen  is  usually  present  in 
\'ariHble  quautity,  and,  rai-ely, 
fibrin.  It  may  contain  endothe- 
lial cells  from  the  lymph  M|>aces, 
and  a  variable  number  of  i-ed  and 
white  blood  cells.  The  amount  of 
fluid  which  may  jicciuuulate  in  the 
tissues  varies  greatly,  deiieiiding 
upon  whether  they  are  loi>se  or 
dense  in  texture.  The  fibres  and 
cells  of  loose  tissues  may  be 
crowded  widely  apiirt;  the  cells 
are  apt  to  be  more  granulai*  than 
nonnal,  they  maycontaindro])lets 
of  flnid  or  they  may  be  atrophied. 
Transudates  occurring  in  inflam- 
mation usually  contain  a  consid- 
erable number  of  white  blood  cells  and  more  or  less  fibrin,  and  difl'er  in 
this  from  tbe  non- inflammatory  transudations;  but  in  some  cases  there 
is  no  sharp  distinction  between  them.  The  inflammatory  transudates 
are  often  called  exudations  or  exudates. 

ThromboBis  and  Embolism. 

THBOMBOSIS. 

Thrombosis  is  a  coagulation  of  blood  in  the  heart  or  vessels  during 
life.  The  co^idum  is  called  a  thrombus.  Thrombi  may  lie  against  the 
wall  of  the  vessel,  only  partially  filling  the  lumen,  and  are  then  called 
parietal  thrombi ;  or  they  may  entirely  fill  the  vessel,  and  are  then  called 
oeclttdiag  thrombi  (Fig.  81. 

The  thrombus  nmy  foi-m  first  upon  the  wall,  and  by  more  or  less  eou- 
tinuous  deposit  of  fresh  material,  may  extend,  usually  but  not  always,  in 
the  direction  of  the  blood  current,  either  sis  a  parietalor  an  occluding  or 
obstructing  thrombus  along  the  vessel  or  into  connecting  channels. 

Thrombi  may  occur  as  the  result  of  an  injurj'  to  the  wall  of  a  vessel, 
or  may  follow  its  conipi'ession  or  dilatation ;  they  may  result  from  some 
alteration  of  the  wall  of  the  \essel  by  disease  or  by  tbe  retardation  of  the 
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circulation.  So  long  as  the  endothelial  lining  of  the  vessels  is  intact, 
simple  retardation  of  the  circulation  does  not  usually  alone  suffice  to  in- 
dnce  coagulation;  but  changes  in  the  en- 
dothelium, in  a  great  variety  of  condi- 
tions, such  as  inflammation,  degeneration, 
atheroma,  calcification,  and  the  pi-esence 
of  bacteria,'  tumors,  and  foreign  bodies, 
favor  its  occurrence,  especially  when  as- 
sociated with  changes  in  the  circulation 
or  in  the  character  and  contents  of  the 
blood.  Thrombosis  is  a  not  infrequent 
complication  of  the  infectious  diseases  as 
ivell  as  of  the  cachectic  conditions  a^eoci- 
ated  with  various  acute  and  chrouic  gen- 
eral diseases. 

Thrombi  may  be  composed  of  flbriii 
and  of  red  and  white  blood  cells,  iuter- 

miugled  in  about  the  same  proportion  as      ''"'■ »-''''"""'  "^  «"•  thrombib. 
in  au  ordinary  extravascular  bloo<l  clot  Tbi,.how,r«dbto«d^^ii^Dhrtn.»nd«fei^ 
(Fig.  9).     These  are  called  red  Ihronibi, 

and  usually  occur  from  some  sudden  stoppage  of  the  circulation.  Other 
thrombi,  usually  snch  as  form  while  the  blood  is  in  motion,  may  consist 
almost  entirety  of  white  blood  cells  with  a  little  fibrin,  or  of  these  inter- 
mingled with  blood  platelets,  or  they  may  consist  almost  entirely  of 
blood  platelets ;  all  of  these  forms  are  called  white  Virombi.  Red  thrombi, 
when  decolorized  by  changes  in  the  blood  pigment,  may  somewhat  re- 
semble genuine  white  thrombi.  MUed  thrombi  are  usually  lamellated 
(Fig.  10)  and  contain  varying  proportions  of  fibrin,  red  and  white  blood 
cells,  and  platelets,  Tlie  fibrin  fibrils  in  thrombi,  as  elsewhere,  often 
coalesce,  forming  hyaline  masses.  .\  similar  change  may  take  place  in 
the  blood  platelets. 

After  a  certain  amount  of  shrinkage  by  wiiich  the  fiuids  are  squeezetl 
out  and  the  thrombus  becomes  denser  and  drier,  the  changes  which 
occur  in  the  thrombus  may  be  either  in  the  direction  of  degeneration 
and  absorption  or  organization.  The  leucocytes,  the  fibrin,  and  the 
blood  plates  may  degenerate,  forming  a  gi'anular  material  which  may  be- 
come infiltrated  with  salts  of  lime,  forming  the  so-called  phleboUthn,  or 
r^n  gtonea.  In  other  cases  the  thrombi  may  soften  and  disint^rate. 
This  softening  may  be  simple  and  the  result  of  fatty  or  other  fonn  of  tis- 
sue degeneration,  resulting  in  a  white  or  reddish  or  brown  grumous 
mass,  which  may  I'esemble,  but  is  not,  pus.  Or,  in  many  instances, 
softening  probably  occurs  through  the  autolytic  processes,'  initiated  and 
sustained  largely  by  leucocytes.  On  the  other  hand,  softening  of  the 
lhrombr.8  may  be  associated  with  bacteria  or  other  infectious  niatcriiU 

'  For  a  etiidv  of  tbe  rcMe  of  micro  organisms  in  Uic  formation  of  venous  thrombi  sw 
JakoiPtH,  Cbl.  f.  Bak.,  Ablh  I  ,  ltd.  28,  p.  801.  IBOO,  Bibl.  Conaii'.-.  also  Welch  on  iii- 
fective  thrombi.  Albutt'a  "SyMcm  of  Meilicint',"  vol.  vi  ,  p.  169. 

*  See  p.  92. 
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with  genuine  suppuration.     lu  this  "purulent"  or  "septio"  softening  of 
tlie  tlLTOmbus  tbe  risk  is  great  of  a  cUstribution  of  the  infectious  material 


through  the  circulation.     Finally,  the  thrombus  may  be  replaced  by  a  new 
formation  of  vasculiir  connective  tissue,  itself  ilisappearing  by  autolysis 
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as  the  uew  tissue  is  formed.  Tliis  iscalled  "  organization  of  the  thrombus, " 
but  in  reality  the  nev  couaective  tissue  its  produced,  uot  from  the  cells 
of  the  thrombus  itself,  but  from  tbe  cells  of 
the  walls  of  the  affected  traok,  from  whose 
vessels  the  new  blood-vessels  of  the  thrombus 
also  arise  (compare  page  104).  In  this  way 
the  vessel  may  be  completely  and  perma- 
nently occluded,  or,  more  rarely,  one  of  severa". 
channels  may  be  establisheil  through  the  new 
connective-tissue  mass  (Fig,  11). 

Thrombi  in  veius  may  lead  tu  hy|>erEemia 
and  oedema;  in  arteries,  to  an  autemia  whose 
sign ifieauee  will  vary  greatly,  depending  upon 
the  situation  of  the  occluded  ve.-wl.' 

Aggliitiitative  Tkrombi.^—The  recent  studies 
on  f^;;hiti  nation  and  hfemolysis  (see  p.  190) 
have  led  to  the  lielief  that  certain  thrombi  oc- 
curring in  infectious  diseases  as  well  as  under 
other  conditions  may  arise  from  the  develop- 
ment of  a^Iutinati\-e  substajic^*  in  the  blootl. 
Under  the  action  of  these  .substances  the  red  ai>tk>"'- 
blood  Mils  may,   withoM  Ihe  formation   of     j:»^Er?:;".'w™" 


fibrin,  clump  together,  leading  to  thrombosis,     um  swept  aiorw  me  biood  n 

|[  baa  Increaaed  In  IvdrUi  by 
latloD  II  Jta  [ree  extremlllee. 


Such  thrombi  are  called  agglutinative  thrombi.     "  ^  ""^'™^  "■  i™"^  "y  «wi- 


Siich  thrombi  have  been  repeatedly  observed 
in  typhoid  fever  and  other  infections.     In  such  masses  of  (^lutinated 
"  red  blood  cells  tbe  individual  corpuscles 

may  not  be  seen,  the  whole  presenting 
a  hyaline  mass.  Thus  may  be  formed  a 
variety  of  the  so-called  hyaline  thrombi. 
Welch*  has  suggested  the  probability 
that  under  similar  conditions  leucocytes 
also  may  form  a^lntinathe  thrombi. 

Hyaline  ThromM. — Under  a  variety 

of  conditions,  but  especially  in  local  and 

Fio.  13.-FAT  Emboli  in  thk  BLoon  vi»-  general  infections  and  in  iufoxications, 

BBLs  OF  THE  LcNo.  there  18  prcscut  in  the  capillaries  and  in 

ThI,  followed  bo„e  fraotor*.  ^^^  ^^^j  ^^^^^^^  ^„(,  ^.^j^^  ^  homOgCUe- 

008,  translucent,  nearly  colorless  material,  partially  or  wholly  blocking 
the  vessels.  This  hyaline  material,  whose  origin  is  still  in  doubt,  has  in 
some  instances  a  staining  reaction  similar  to  librin.  In  other  cases  hyaline 
thrombi  are  probably  special  forms  of  agglutinative  thrombi  (see  above). 


'  Conault  Flexner  "  On  Tlirumbi  Composed  of  Agglutinated  Red  Blood  Corpusclea." 
Journal  of  Mt.'dical  Researcli,  vol.  vlli..  n.  8t6. 

'  Wetek,  Huiley  Lecture,  Medical  News,  October  18th,  1902,  p.  TBI. 
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EICBOLIBH. 

Embolism  is  the  stoppage  of  a  blood-vessel  by  the  arrest  iu  its  limieu 
of  some  material  carried  along  iu  the  circolatiug  blood.  The  mass  caus- 
ing the  stoppage  is  called  an  embolus  (Fig,  12).  This  may  be  compoMe<l 
oi'  a  greiit  variety  of  substances.  The  most  common  emboli  are  detiwlied 
portions  of  thrombi,  and  these  may  have  all  the  variety 
of  ati-ucture  which  thrombi  present.     Mitsses  of  bac  /"^^ 

teria  or  other  parasites,  fragments  of  the  heart  vahes 
aud  of  tumors,  droplets  of  fat  from  the  medulla  of 
fractured  boue«  (Fig.  13).  parenchyma  cells.'  masses 
of  pigment,  bnbbl&s  of  air,  etc.,  may  form  embol 
Embolism  is,  in  a  majority  of  cases,  eontiued  to  the 
arteries  and  to  the  branches  of  the  portal  vein. 

The  primary  eifect  of  the  stoppage  of  an  arter  al 
trunk  is,  of  course,  lai^ely  to  deprive  the  region  of 
the  body  to  which  its  branches  are  distributed  of  ts 
normal  supply  of  blood.  If  the  branches  of  the  oc 
elnde<l  artery  foim  anastomoses  with  other  arter  es 
l)eyond  the  point  of  Ktoppi^^,  a  collateral  circulatio 
may  be  established  and  the  emt>olus  do  no  harm.  If 
however,  the  occluded  vessel  be  a  so-called  teitninal 
aiiery — that  is,  one  whose  branches  do  not  form  a 
aNtomoses  with  other  arteries—the  result  of  the  e  u 
1>olism  is  quite  dilFerent.  When  a  terminal  artery 
is  occluded  by  an  embolus,  the  tissue  of  the  affected      p>  Rrrors 

region  usually  dies,  and  there  may  be  an  extravasa-  "'  "* 

tiou  of  blood  by  diapedesis,  leading  to  the  formit  o     of  a  dark  red 
solidified  area,  csilleda  h(emoiT/uiffic  in/ardion.'    The  area  ot    ufa    t 
corresponds  to  the  region  supplied  with  blood  bj  tie  occlude  1    esr^l 
and  is  usually  moi-e  or  less  wed(^-sbaped  (Fig.  14) 

After  a  time  the  infai'Ctiou  becomes  decolorized,  iuflammatorj'  changes 

'  Til e  presence  of  liver-cell  emboli  in  ilic  lung  capillariea  aud  ii:  tlit  lieart  diits  after 
inmmatic  rupture  of  the  liver,  and  in  iuftclious  diseuscs  involving  liical  nccrosts  of  llie 
liver  lias  been  described  by  various  observers.  Emboli  believed  to  be  cnniposeil  lar^fcly 
of  placental  cells  or  of  celU  from  the  bone  marrow  are  also  deBcribeil  under  various  ci>n- 
ilitious.  The  facts  relnling  to  tiiis  Bubject  of  pnrencliynia-cell  emtioll  and  Us  alleged 
signitlcancc  may  be  found  summarlxed  bv  LnbaTseh.  Fortscbritte  der  Hedi7.in.  B<l.  xL, 
pp.  «05  and  840,  1893;  aud  bv  J«(^ojr,'Virebow's  Archiv.  Bd.  cxxxiv.,  p.  II.  18U8. 
Consult  also  Wurthin,  Tbe  Meifical  News,  September  IStli.  1900.  Bibl. 

*  When  an  embolus  lodp's  in  a  terminal  artery,  and  the  cireulatinii  in  Uie  terril'iry 
supplied  by  its  branches  ceases,  the  pressure  from  the  side  of  the  arterj-  is  niluceil  ii) 
xero'  but,  on  the  other  band,  according  to  Colmbeim.  tile  venous  pressure  now  makes 
itself  felt  in  a  Irackward  dlrertion,  ana  the  cupillaries  and  small  veins  in  the  afTe<-ted 
region  become  crowded  with  bloiKl.  This  blood  is  stagnant,  however,  and  the  walls  of 
the  small  vessels,  being  deprived  of  tlieir  usual  nourishment,  undergo.  It  is  lielieved, 
degenerative  eljanj;cs  whicli  favor  the  occurrence  of  extensive  diape<lesis.  Thus  in  the 
luemorrhagic  infarction  not  onl>' the  blood -ves.se  Is.  hut  the  extra  vascular  I  is.<ines  also, 
are  crowded  with  stagnant  blood,  Tlie  reseurclies  of  Lllten  malie  it  seem  proliable  that, 
in  most  cases,  the  back  pressure  in  the  ri'gion  of  infiirc-tion  comes,  not  from  the  veins. 
or  not  from  tliem  alone,  but  from  adjacent  arterial  twigs  wliieb  communicate  witli  the 
vapillariea  of  'he  affected  ri'glon. 
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limy  occur  iu  its  periphery,  the  blood  and  involved  tissues  may  uudergo 
de^iierution  and  be  absorbed,  and  finally  the  seat  of  the  infarction  may 
l>f  indicated  only  by  a  mass  of  cicatricial  tissue,  which  frequently  con- 
tains mure  ur  less  pigment. 

Jn  another  class  of  cases,  instead  of  an  extravasation  of  blood  in  the 
affected  region  the  tissue  is  simply  deprived  of  nourishment  and  under- 
goes neci'osis.  The  nlTeGted  area  is  then  tistially  light  iu  color  and  in 
called  a  trhile  infarction.  Inflammatory  changes  may  occur  iu  its  periph- 
ery* aud  a  new  couuective- tissue  capsnle  form  around  it,  and  the  detwl 
niasK  may  thus  persist  for  some  time,  or  be  gradually  absorbed  aud  re- 
plaeeil  by  cicatricial  tissue.  The  scope  of  thi8  book  does  not  permit  us 
to  consider  the  somewhat  complicated  aud  often  obscure  reasons  why  in 
one  case  thei-e  is  iKemorrbagic,  in  another  white  infarctiou,  as  a  result  of 
emt>olus. 

If  the  embolic  material  consists  of  or  cuutaius  infectious  substances, 
such  as  some  forms  of  bacteria,  iu  addition  to  the  mechanical  effects 
of  simple  emlK)li,  we  may  have  gaugreue,  suppuration,  formation  of 
abscesses,  etc.,  as  the  result  of  the  local  action  of  the  infectious  mate- 
rial, even  though  this  nmy  be  present  in  very  small  amonnt. 

The  organs  iu  which  embolic  infarctions  must  frequently  occur  are 
the  spleen,  kidney,  brain,  tuugs;  less  fi-equently  the  heart,  retina,  liver, 
aud  small  intcKliues.  Htemorrhagiciufarctious  are  not  liable  to  occur  iu 
the  liver  fi-oiu  emboli  in  the  branches  of  the  portal  vein,  on  account  of 
the  blu4Kl  supply  wliich  may  come  to  the  affected  region  through  the 
branches  of  the  hepatic  artery.  On  the  other  hand,  embolic  abscesses 
from  infectious  emboli  are  of  nut  infrequent  occurrence  here.  Hiemor- 
rhagic  infarctions  may  occur  exceptioually  in  regions  not  furnished  with 
terminal  arteries,  as  in  the  small  intestines. 

Cases  of  alwrrant  embolism  are  reconled  in  which  venous  emboli  have 
passed  through  an  open  foramen  ovale  into  the  arterial  system. 

Retrograde  transportation  of  venous  emboli  has  beeu  several  times 
recorded. ' 
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Oeaeral  ConsideratioiiB. 

These  are  three  phases  of  activity  iu  the  transformatious  of  enei^ 
which  are  characteristic  of  living  cells.  These  are  uutrition,  reproduc- 
tion, and  fuDctional  activity.  But  while  these  manifestations  of  energy 
are  more  or  less  distinct  as  properties  of  living  matter,  they  are  closely 
interdependent.  It  is  the  suitable  balance  of  these  activities  fixed  by  a 
prolonged  environment  which  determines  what  we  call  health.  Mlien 
this  balance  is  disturbed  beyond  the  limits  of  physiological  variation,  the 
alterations  which  result  may  be  manifest,  either  in  the  diminntion  or  de- 
struction of  tissue,  or  in  its  increase  or  new  formation.  In  other  words, 
the  cells  of  the  body  when  placed  under  conditions  which  seriously  in- 
terfere with  the  orderly  transformations  of  enei^y  may  undergo  altera- 
tions from  the  normal  which  are  retroffresmve  on  the  one  hand,  or  pro- 
ffressive  on  the  other. 

It  is  well  to  remember  that  retrogressive  as  well  as  progressi\'e 
changes  in  the  body  are  not  limited  to  pathological  conditions  but  form 
a  part  of  the  normal  processes  through  which  growth  is  secured  and 
function  maintained.' 

We  shall  in  this  chapter  consider  the  retrogressive  processes  and  their 
effects ;  in  the  next  those  which  are  progressive. 

Atrophy. 

Atrophy  is  a  diminution  in  the  size  of  the  body,  of  organs,  or  of  tissue 
elements.  It  occurs  as  a  physiological  process  in  man  as  well  as  in  cer- 
tain of  the  lower  animals.  Thus  in  man  the  thj-mus  and  the  umbilical 
vessels  undergo  atrophy  at  an  early  period;  while  in  old  age  atrophy  of 
the  sexual  organs  and  of  the  tissues  in  general  is  the  usual  mark  of  senil- 
ity.' On  the  other  hand,  as  a  pathol(^cal  process,  atrophy  may  occur 
in  connection  with  disturt)ance8  of  innervation  or  nutrition ;  from  disuse 
or  from  pressure;  or  from  the  presence  of  poi,sons.  Although  it  is  con- 
venient to  name  these  as  phases  of  atrophy,  they  are  not  fundamentally 

'For  a  regime  of  the  relationship  lielwccn  normal  and  pathological  retrogressive 
processes  see  Minot.  Middleton  Goldsmith  Lecture  on  "Tlie  Embryological  B«8ia  of 
mhologv,"  Scipnre,  March  39th.  1901. 

'  For  a  study  of  the  ehanges  in  the  body  in  developmenl  and  senility  see  the  mono- 
graph ot  MuMiH'i/iii.  Wiesbaden,  1900.  Bibl. 
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distinct.  lu  simple  atrophy,  under  whatever  conditions  it  may  occur,  the 
tissne  elenieiita  become  smaller  without  marked  alterations  in  structure, 
and  may  finally  disappear  altogether.  In  the  majority  of  caaes,  how- 
e\er,  atrophy  of  cells  or  other  tissue  elements  is  not  simple  but  is  aaso- 
ciated  with,  and  often  determined  by,  various  phases  of  degeneration — 
degenerative  atrophy. 

Degeneration. 

AltBVKnrOITB  DBOBNXBATIOV  (Oloud?  Bwelling,  FaranchymAtoiu  I>»- 
gsaorKtioa,  Acnt«  I>*g»ii«ratu>ii,  Qnmular  X>«g«n«rfttion}. 

Under  a  variety  of  conditions  in  which  there  is  a  disturbance  of  tis- 
Bue  nutrition,  but  especially  ofteu  in  infectious  diseases  and  in  intoxica- 
trions  when  poisouous  substances  come  in  contact  with  the  tissues,  the 


cells  of  the  body  show  an  accumulatiou  in  the  cytoplafim  of  albuminous 
granules,  of  various  sizes  and  forms.  This  is  a  type  of  cell  degeneration 
which  is  so  often  associated  with  infectious  diseases  and  certain  phases 
of  inflammation,  that  it  is  sometimes  regarded  as  a  part  of  the  inflam- 
matory process.  The  cells  in  this  condition  are  usually  swollen  and  are 
more  opaque  than  normal,  the  nucleus  being  somewhat  concealed  in  the 
grannies  when  these  are  numerous  (Fig.  15).  The  albuminous  granules 
in  the  cells  are  soluble  in  dilute  acetic  acid  but  not  in  ether,  being  thus 
distinguished  from  fat. 

While  all  the  cells  of  the  body  are  subject  to  this  pha^  of  proto- 
plasmic degeneratiou,  it  is  most  pronounced  and  frequent  in  the  paren- 
chyma cells  of  the  liver  and  kidney,  in  muscle,  in  epithelial  cells  of  the 
mucous  membranes.  These  are,  it  will  be  seen,  cells  iu  which  metabolism 
isactive  and  the  exigencies  of  nutrition  are  imperative.  The  alterations  in 
the  ganglion  cells  of  the  central  nervous  system  in  infections  disease  and 
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iu  various  forms  of  iutoxication  are  somewhat  ditfei-eiit  from  those  oc 
curring  iu  other  parenchyma  cells  and  will  be  described  iu  the  section 
devoted  to  the  Braiu  aud  Spiua)  Cord. 

Cells  in  a  condition  of  albuminous  degeneration  may  return  to  their 
normal  state,  they  may  become  fatty  or  they  may  die,  become  necrotic 
and  disintegrate. 

The  liver,  kidney,  muscle,  mncoiLs  membranes,  etc.,  when  in  this  con- 
dition, are  often  Hwollen  and  in  gross  appearance  more  opaque  and  gray 
than  when  normal. 

The  exact  chemical  nature  of  this  d^enerative  process  is  obscure 
and  will  doubtless  remain  so  until  we  know  much  more  than  we  now 
do  of  cell  structure  and  cell  metabolism. 

TECHNHiiE,— Tlie  microscopical  aHidy  of  tbis  lesion  Is  beat  made  in  fresh  frozen 
sections  of  the  tissue,  by  the  nipid  formalio  meibod.  page  52 ;  or  iD  fresb  tissue  teased 
in  one-lialf-per-ceot  Bait  auliitiou. 

TATTT  DEOBITBBATION  AlTD  FATTT  INFILTKATIOV. 

It  is  customarj'  aud  convenient  in  considering  the  abnormal  accumu- 
lation of  fat  iu  the  tissues  to  assume  that  iu  one  set  of  cases — fatty  de- 
generation— the  fat  is  fonned  by  a  retrograde  metamorphosis  or  d^^u- 
eratiou  of  the  proteid  elements  of  protoplasm,  a  process  by  which  the 
integrity  and  capacity  of  the  cell  are  compromised ;  while  in  the  other — 
fatty  infiltration — it  may  be  due  to  a  simple  accumulation  in  the  cell  of 
fat  formed  elsewhei-e — a  condition  of  less  significance. 

The  validity  of  this  asiumption  has  of  late  been  called  in  question. 
It  involves  in  lai^e  measure  the  solution  of  the  physiological  problem 
whether  nonnally  the  fat  in  the  body  is  formed  from  proteids  or  from 
carbohydrates.  Concerning  this  many  experiments  and  much  ai^ument 
have  been  made ' ;  but  it  appears  not  yet  to  l)e  solved.  The  traditional 
distinction  between  fatty  degeneration  and  fatty  infiltration  will  there- 
fore be  made  here,  with  such  modification  aud  reserve  as  are  fitting  in 
view  of  our  lack  of  knowledge. 

Fatty  Degeneration. 

Ill  fatty  degeneration  there  is  an  accumulation  of  lai^r  and  smaller 
droplets  of  fat  in  the  cell,  sometimes  so  slight  as  to  be  scarcely  visible, 
sometimes  so  great  as  largely  to  replace  the  protoplasm,  crowding  the 
uncleus  to  one  side.  These  strongly  i-efractile  fat  droplets  are  uot 
changed  by  dilute  acetic  acid.  They  are  soluble  iit  ether,  aud  when  fresh 
are  .stained  black  by  osmic  acid  (Fig.  Ifi).  Xot  infrequently,  featherj" 
cinslei-s  of  delicate  fat  crj-stals  are  present  in  the  cells.  Cells  in  exces- 
si\e  futty  degeneration  may  disintCRi-ate,  forming  an  oily  detritus  in 
which,  especially  when  ranch  moistui-e  is  present,  cholesteriu  crystals 
may  form  by  decomposition  of  the  fat. 

y  of  this  question,  stf  TiiyUir,  Aniericau  Journal  of  Ibe  Med- 
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To  the  naked  eye,  ot^dr  in  a  conditiou  of  marked  fatty  d^eneratiou 
are  usually  lai^er  aiid  softer  than  normal,  have  a  grayish-yellow  color  or 
are  mottled  with  yellowiah  streaks  or  patches,  and  the  normal  markings 
of  out  8nrfa«es  are  more  or  less  obsenred. 

Fatty  degeneration  may  be  assfociated  with  or  may  follow  albuminous 
degeneration  and  may  occur  ander  similai'  general  oouditious.     It  may 


be  dne  to  local  or  general  disturbances  of  nutrition,  from  a  great  variety 
of  causes— disturbances  which  either  directly  affect  the  life  processes  of 
the  cells  themselves,  or  which  produce  alterations  in  their  nutritive  sup- 
ply. In  addition  to  its  local  occurrence,  as  a  result  of  local  disturbances 
of  circulation  in  the  vicinity  of  inflammations  or  in  tumors,  etc.,  it  is 
apt  to  occur  in  the  liver,  heart  muscle,  and  kidney  in  chronic  esbausting 
diseases  and  in  conditions  and  diseases  to  which  profound  aniemia  is  in- 
cident, or  as  the  result  of  the  action  of  certain  poisons,  such  aa  phos- 
phorus and  arsenic. 

Fatty  Isfilteation-. 

This  is  of  common  occurrence  under  normal  as  well  as  pathological 
conditions.  The  fat  is  believed  to  originate  outside  of  the  cells,  accumu- 
lating in  them,  and  inducing  a  piij«- 
ive  atrophy  of  the  cytoplasm.  Cells 
in  a  condition  of  abnormal  fatty 
infiltration  are  scarcely  to  l>e  distin- 
guished morphologically  from  those 
invoheil  in  fatty  degeneration.  The 
pi-esence  in  the  cells  of  large  or  small 
droplets  of  fat  without  marks  of  de- 
generation in  the  remaining  proto- 
plasm has  been  regarded  as  distinct- 
ive of  infiltration  (Fig.  17). 

In  some  phases  of  fatty  infiltra- 
tion, as  in  the  heart  (Fig.  232)  or  the 
pancreas,  for  example,  the  fat  accu-   ""' 
Dinlates  in  the  cells  of  the  interstitial    "    *""  '^iTbr  the  ^'munwd  a; 


IN)'JLTIt:lTtOS     OF     LlYEK  CELLS. 

(be  nucleua  Is  crowtlM  la  onu 


a  b,  Google 


82  ATKOPHY,    DKUEXERATIOX,    PIGMENTATION,    AND   XECB08IS. 

coDiiecti\'e  tissue  in  a  luaiiiier  identical  with  that  in  which  the  uomial 
paiiniculus  adipusus  is  furmed.  The  heart  muscle  or  the  glaud  cells  are, 
under  such  conditions,  affected  secondarily  through  pressure  atrophy 
from  the  accumulated  fat.'  It  should  be  remembered  that  fatty  infiltra- 
tion and  fatty  degeneration  may  occur  »iuiultnneously.  WTien  fat  pm- 
dnctlon  or  fat  stoi-age  is  largely  in  excei«  of  fat  consuiuption,  either  fmm 
local  or  genemi  causes,  the  condition  is  called  lipomatosis. 

Teciimquk. — l''atty  tissuus  may  be  teased  fri'sli  in  salt  solution:  or  ttii-y  may  lie 
lianlenni  in  Flcniniiiig's  nsniic  Rciil  solution  (mti  ])ugc  58)  in  prcparatioD  for  sit-tionitig 
HanleiiiDg  In  Ortli's  Hiiiil  ami  aftcrwani  in  ak'nlioi  gives  goml  nijiills  if  tlic  It-siou  Ix- 
cxtuDBivc-.  In  tissues  wliicli  liavc  bt-cn  soaknl  in  alcoliol  tliu  fat  is  uu  lon;;<;r  i>rc-<ii-iii. 
ils  former  aeaL  being  indicated  by  clear  spaces  tilled  with  tiiu  mounting  meilinm.  Fal 
crystals,  Iiowcvlt,  oflen  j>crsitit  aftLT  piulouged  soaking  in  ilIioIioI. 

AMTLOID  DEOENEBATION  (Waxy  or  Lardaceoua  Degeneration). 

This  is  a  process  by  which  the  basement  substance  of  variou.s  fonns 
of  connective  tissue,  and  cipecially  the  walls  of  the  blood-vessels,  l>e- 
oome  swollen  and  thickenetl  by  tlieir  conversion  into  a  translucent,  firm, 
gliiNsy,  colorless  material,  albuminous 
iu  character.  This  albuminous  ma- 
terial may  be  present  in  the  tissues  in 
such  small  amount  as  to  be  rect^iiiz- 
able  only  under  the  microsct>)>e,  or 
it  may  be  so  abundant  as  to  give  a 
very  ehanicteristic  appearance  to  llie 
tissue.  Parts  in  which  the  lesion  is 
marked  ai-e  usually  lai^r  and  contain 
less  blood  and  feel  harder  than  nor- 
mal, and  ha\'e  a  peculiar  shining  and 
translucent  a])iiearanc«  which  varies 
iu  eharaclcr,  depending  upon  the  ex- 
tent and  distribution  of  the  degener- 
ated aix-iiK  and  upon  its  association 
with  othci-  lesions,  such  as  fatly 
degcncr.iMon.  It  most  freqwently 
no.  1H.-AMVL01D  dkukmjbatkij,-^  of^capil-  ^(-urs  in  the  smaller  arteries  and 
„'',.,„  '     '     capillaries  (Fig.  18),  whose  lumen  is 

i«ries.  encroached  upon   by   the  thickening 

of  the  walls  which  the  process  in- 
volves. It  is  usually  the  media  aud  intennediaiy  layei-s  of  the  iutinia 
which  are  earliest  and  most  extensively  affected.  The  change  also  often 
occurs  in  the  interstitial  connective  tissue  and  membrauK  pi-opriw  of 
organs  and  in  reticular  connective  tissue.  It  is  both  asserted  and  denied 
that  it  may  affect  the  paix'uchyma  cells  of  organs.  We  have  not  l>e<*n 
able  to  find  itumistakable  e\idence   of  its  occurrence   in   pareiichyma 

■  For  a  study  of  tbe  deposition  of  tat  iu  cells,  ste  AritM.  Virch.  Arch.,  Bd.  163.. p 
1,  1901, 
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cells.  These,  however,  freqneutly  uudergo  atrophy  as  the  i-esiilt  of 
pressure  from  the  swolleii,  degenerated  tissue. 

It  is  not  yet  kuowu  whether  iiinyloid  degeneration  is  due  to  a  direct 
trausfonnation  of  the  tissue,  or  is  an  infiltration  of  the  tissue  by  some 
abnoi'uial  material  formed  elsewhere  and  bronght  to  it,  or  is  derived  from 
the  blood. 

Amyloid  degeneration  ooeiii-s  most  frequently  and  abundantly  in 
the  liver,  spleen,  kidneys,  intestinal  caoal,  and  lymph  nodea;  but  it  may 
occur,  usually  in  a  less  marked  degree,  in  other  parts  of  the  bwly:  in 
the  larger  blood-vessels,  in  the  interstitial  tissue  of  the  heart  and  luueous 
membranes  of  the  air  passages,  and  in  the  generative  oi-gana.  It  may 
occur  locally  or  api>car  in  various  parts  of  the  body  at  ouee.  It  most 
frequently  occurs  in  connection  with  severe  wasting  diseases,  particu- 
larly in  those  invoh'iiig  chronic  suppuration  and  ulceration,  especially  of 
the  bones.  It  is  connnon  in  tubei-culosis,  syphilis,  in  the  cachectic  con- 
dition induced  by  malignant  tumors,  and  is  occasionally  seen  in  severe 
malarial  infection,  dysentery,  und  leuka-mia.' 

TEc'HNiqrE. — For  microscopical  cxainiuftiioii  tlie  tissui',  eillier  fn-sli  or  aftiT  iircs- 
frvutiuD.  slioutd  be  cut  into  tliJD  scctioua,  and  tlicsv  deeply  stained  uilti  out' -per -rent 
aqueous  solution  of  mc-tliyl  violet;  t|JC  sections  arc  washed  iu  water  aod  mouuted  iu 
glycerin.  Tbc  differenliation  bttwecn  tlie  amylniil  and  otiier  iiarts  is  more  distinct  if, 
aft«r  Bt&ining,  tlic  specimen  be  dipped  foran  instant  in  MCI  and  alcoliol  1 :  100.  and  llim 
carefully  rinsed,  before  mounting  in  glycerin.  The  degenerated  ureas  are  tbua  stained 
rose-rwl  (Fig.  18),  while  the  normal  tissue  elements  have  a  bluisli .violet  color.  In  wime 
coses,  for  reasons  which  we  do  not  know,  the  amyloid  snlmtance  di>es  not  show  a  well- 
uiarke<l  reaction  with  methyl  violet.     For  the  de-  ..rr^^ 

t^-ction  of  amyloid  in  fresh  tissiK-s  by  tbe  iodine  ,  -».         /r^^^ 


(hrpora  Awi/Uieea  are  small,  spbemidal,     ^-t.—  -y 
homogeneous   or   lainellated    bodies  (Fig.     f  : '  '"V  J 
IJ*),  which  assume  a  bhiish  color  on  treat-     \\^'~  / 
nient  with  solution  of  iodine  or  iodine  and       \jy 
sulphuric  acid.    They  are  frequently  found 
in  the  acini  of  the  prostate  gland,  some- 
times in  large  numbers;  in  the  eix-ndyma         p,,,  lo-ronpon*  autiack*. 
of  the  brain  and  cord;   also  iu  extravasji-  rrvm piwiaw Bisnd. 

tions  of  blood  and  in  various  other  situa- 
tions. They  may  occur  under  normal  as  well  as  pathological  conditions, 
and  are  appai'ently  of  little  importance.'.  They  seem  to  ha^'e  nothing  to 
do  with  amyloid  degeneration,  although  they  somewhat  resemble  its 
products.  Some  of  the  tul>e  casts  of  the  kidney  resemble  In  many 
respects  the  corpora  amylacea.' 

<  .\n  cxtcndetl  slndy  of  amyloid  di'genemtion  may  be  fiiunil  in  u  monograph  by 
Wiehmaiin.  Zieglcr's  Reitrilge,  Bd.  IS,  p.  487.  imi. 

A  later  liibliogmphy  with  ii  summary  of  experiments  on  tlic  production  of  uniyloid 
degeneration  in  animals  will  be  found  in  an  arliele  by  .Wim/Ho"',  Virch.  Arch.,  Bd.  cliii.. 
p.  353,  IS98. 

-  *  For  a  study  of  the  relationship  of  corponi  aniviacea  to  amyloid  suIisIuucl-s.  see 
Ophalr.  Jour,  E,vp.  Mi-d..  vol.  v,,  p.  Ul,  1900,  Bibl. 
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OLTCOOEK  IKFILTBATIOir. 

Glycogen  appears  under  abnormal  conditions  in  the  cells  as  hyalin, 

mostly  globular  masses  of  varyiDg  size  (Fig.  20).     It  is  solnble  in  water, 

is  stained   browDish-red  by  iodine,   aiid 

does  not  assume  a  greenish  color  by  the 

further  addition  of  sulphuric   acid.     In 

diabetes  it  may  occnr  in  large  quantities 

in   the  liver  cells  and  in  the  epithelial 

cells  of  the  uriniferous  tubules,  especially 

in  those  of  Henle's  loop  (Fig.  331)  and 

in  leucocytes.     It  may  be  found  in  fresh 

FIG.  m-«LYw«iNj»r.LTR*i:oN-Epi-   pyg  ^^^    jy  f^^^  ^Ug  of  various  forms  of 

Thegiroo(cendn.pi«,«»umtato«L       tumors,  and  in  leucocytes  in  the  blood  in 

leuktemia,    in    chronic    diseases    of    the 

gastro- intestinal  tract  in  children,  and  in  various  chronic  diseases. 

TEcnsiijuB. — If  the  tissue  to  be  examined  for  glycogen  be  fresh,  the  {odine  should 
be  used  in  sohition  in  glycerin  (equal  parts  of  Lugol's  sohition  and  glycerin),  in  order 
to  avoid  Its  solution.  If  specimens  are  to  be  hardened,  this  should  be  doue  in  absolute 
alcohol  to  avoid  the  solution  of  the  glycogen.  Sections  may  be  slained  wilh  picro-acid 
fuchsin  (Van  Qieson's  stain)  or  with  a  dilute  solution  of  iodine  in  alcohol  (tincture 
iodine  1  part,  absolute  alcohol  4  parts),  cleared  up  and  studied  in  oil  of  origaniini. 

8XB0UB   ZNPILTBATIOir   OF   OBLLB   (Hydropic   DegmarAticm, 
VacuoIizKtioo). 

Under  many  pathological  conditions,  cells,  especially  those  of  mucous 
membranes,  glands,  muscles,  tumors,  etc.,  contain  one  or  more  larger  or 
smaller  droplets  of  clear  fluid  (Fig.  21).     The  cell  may  thus  be  disteuded. 


FIO.    23.~>ll'C0);S    DEnENERlTION    OF    EPITHELIAL 
Fia.  SI.— SKROrS  iNriLTRATTDN 

or  Epithel!*!.  cells.  From  »  cyst-adenoma  ol  Uie  ovary. 

These  droplets  are  usually  extra-nuclear  and  may  crowd  the  nucleus  to 
one  side  of  the  cell.  The  nature  and  source  of  this  accumulated  fluid  are 
not  known.  Its  transparent  api>eai-ance  in  the  granular  protoplasm  has 
giveu  rise  to  the  term  "vacuole."  It  maybe  a,ssociated  with  general 
tissue  (edema,  with  inflammatory''  and  degeuerati\'e  processes,  etc. 
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HirCOTTS  DBOENXBATION. 

Macons  degcDcratiou  may  occur  in  cells  or  iu  intercellular  substance. 
When  occurring  in  cells  it  cousists,  under  patbolt^ical  as  under  normal 
conditions,  of  the  transformation  of  the  protoplasm  into  a  trausluceut, 
semi'flind  material,  occupying  more  space  than  the  unaltered  protoplasm, 
and  hence  causing  a  swelling  of  the  cells  (Fig.  22).  This  new-forme<l 
material  contains  mucin  in  solution,  which  is  precipitated  by  acetic  acid. 
It  occurs  under  a  variety  of  conditions,  sometimes  as  an  abnormal  in- 
crease of  a  normal  function  of  cells,  as  in  many  catarrhs,  sometimes  as 
an  entirely  abnormal  transformation.  The  cells  may  be  totally  destroyed 
by  the  accumulation  of  the  mucoid  material  within  them. 

Ill  certain  cases,  as  in  many  tumors,  in  cartilage,  bone,  and  other  tis- 
sues, the  intercellular  substance  may  undergo  conversion  into  mucin-con- 


Pin.  ^—Hccors  Dmrneration  or  FiDRors  Tibsck  or  Mahua. 

tainiug  material,  losing  almost  entirely  its  original  structure  (Fig.  23). 
The  cells  in  such  cases  may  be  affected  only  secondarily  by  the  pressure 
which  the  new-formed  material  exerts  upon  them. 

Technisve.— Tlaauea  aliould  be  hardened  io  Orth'a  fluid  or  fornmlin,  followed  by 
alcohol;  the  KclioDS  are  staioed  with  picro-acid.fiichsis  or  with  hfematoxylin.  which 
colors  the  niucia-cootaiDiog  poriioDS. 

COLLOID  DBOENEItATION. 

This  is  very  closely  allied,  both  in  chemical  and  morphological  char- 
acters, to  mucous  degeneration,  and  iu  many  cases  there  is  no  definite 
microscopic  distinction  between  them.  But  colloid  material,  which  is 
nonnally  present  in  the  thyroid,  is  firmer  and  more  consistent  than  mu- 
cous, does  not  yield  a  i>reeipitate  on  addition  of  acetic  acid  or  alcohol, 
and  its  formation  is  usually  confined  to  cells;  not  involving  intercellular 
substance,  except  by  an  atrophy  which  its  accumnlation  sometimes  in- 
duces. The  cells  may  contain  larger  and  smaller  droplets  of  colloid  ma- 
terial, or  the  latter  may  nearly  or  entirely  replace  the  protoplasm  and 
accumulate  to  such  an  extent  as  to  cause  rupture  aud  destruction  of  the 
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cell.  lu  thm  way,  aud  by  the  atrophy  of  hitercellular  substance  which 
its  HCCUDiulatioD  causes,  cystts  may  be  formed  coDtainiiig  colloid  material 
and  cell  detritus.  Colloid  degeneration  is  of  most  frequent  occurrence  in 
the  thyi-oid  gland.  A  material  resembling,  if  not  identical  with,  colloid 
is  occasionally  seen  in  the  foi'm  of  homogeneous  globules  in  the  tabiiles  of 
kidneys  which  are  the  seat  of  other  lesions,  in  the  hypophysis,  aud  iu 
various  tumors. 

Tetiinkji'k. — TfHBues  should  lie  lianleoed  in  TunnaliD,  or  Onh's  fluid,  and  stained 
nit  It  pic  ro -add  fiirbsiu. 

HTAUHB  BBOBNEKATION. 

This  is  the  transformation  of  tissues  into  a  transparent,  glassy  sub- 
stance, much  resembling  amyloid  iu  its  morphological  characters  (Fig. 
24) ;  but  it  does  not  give  the  micro-chemical  reactions  of  amyloid,  and 
appears  under   diflFerent  condi- 
tions.    Hyaline  substance  is  re- 
sistant totheactionofacids,  and 
stains  readily  with  acid  fuchsin 
and  eosin.     It  ocoum  esp<>cially 
in  the  walls  uf  the  smaller  blood- 
vessels in  various  parts  of  the 
body,  ill  volnntary  muscleflbres, 
and    is  said   sometimes    to   in- 
volve interstitial  tissue.     It  has 
been  described  as  occurring  in 
Fi«.  24.   Hr*.,isK  i>«.iNkR*TioN  IN  THi  WALLS  «i-  ,i,g    |j,.j^^y     lymph    Hodes,    and 
SHALL  Blood- Vis«Kij>.  .  .       1,       .    ,     ,  ,   ,, 

From»sar™n«  ovaries ;   in    the  tubules  of  thi' 

kidney,  in  the  walls  of  aneur- 
isms, in  muscle  fibres,  in  the  lesions  of  diphtheria,  tuberculosis,  and 
sj  pliilis,  in  the  hyaloid  niembmne  and  vessels  of  the  eye,  and  elsewbei'e. 
It  is  believed  by  some  olMervera  that  fibrin,  blood  plates,  and  leucocytes 
nniy  undergo  hyaline  degeuerati<m,  and  intlie  fonu  of  the  so-called  hyaline 
thrombi  this  substance  may  block  the  capillaries  in  many  infectious  dis- 
eases—typhoid fever,  pneumonia,  diphtheria,  pyn-mia,  etc. — and  under 
irtlier  conditions  (see  ]>.  75).  Hyaline  degenei-atioii  seems  to  be,  in  some 
wiiys,  allied  to  coagulation  necrosis,  lint  its  exact<  significance  and  ivla- 
liiins  to  other  forms  of  di^iieratiou,  and  the  couditions  of  its  occurrcnw. 
ai-e  imt  yet  known.  There  are  probably  varions  substances,  ownrring 
iiiidei'  many  difTerent  conditions,  which  we  now  oill  byalin  aud  whose 
relationship  toe^ich  other  and  to  amyloid,  muc/iid,  and  colloid  material 
is  little  understood.' 

Tki'HNhjik.— llnrdening  in  uli'oliol,  OrUi's  tliiid.  or  forniuliu.  Muiiiing  by  pitr» 
tkciil  riii:lj4iii.  or  by  hitniatiixylin  and  nnfiu. 

'Consult  for  biblliigrapLy  of  St  udi''!i<mhvnliiM;di'|,'fnerutiim  l,'i'«iitclituuiO»terlag'i 
"Ergebnisac  dcr  allg.  path.  Morplicilcigic  und  Pliy Biologic."  etc  ,  .lalirg  i..  Abth.  i.. 
1S9S,  p.  201. 
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OAI.CABBOUS  IHFH.TRATION. 

There  is  in  (his  CDtulitioii  li  dc]>onJtii>i),  either  iii  c^Ilw  »r  in  the  inter- 
cellular Kiibstanee,  of  lai^er  aud  Binaller  granulet«  comiM»«Kl  ehietly  of 
phosphate  and  carbonate  of  calcinm.  These  particles,  when  abundant, 
ff\ve  hanlness,  brittlenesa,  and  a  whitish  appearance  to  the  affecteil  tis- 
sue. Under  the  microscope  they  appear  dark  by  tran6initte<l,  white  and 
glistening  by  reflected,  light.  Tisswes  may  be  nearly  completely  per- 
meated with  salts,  or  the  latter  may  be  scattered  in  patches  throiigli 
them.  Sometimes  lai^  lamellated  cnneretiODS  are  formed  in  tissues, 
usually  at  the  seat  of  some  old  inflammatory  process.  Calcificatiou  usu- 
ally occurs  in  parts  of  tissues  which  are  dead  or  are  iu  »  condition  of 
reduced  vitality  as  a  result  of  some  antecedent  abnonnal  process,  as  a  rule 
of  an  inflammatory  nature.  Amoug  the  most  common  and  important 
examples  of  calcareous  degeneration  may  be  mentioned  those  which  occur 
in  the  valves  of  the  heart  and  walls  of  the  blood-vessels.' 

TECHMvi'ii, — The  carbonale  of  lime  depositeil  in  tlie  tiseuen  is  ilissolved  by  dilute 
aci<l)i  witli  cvnluttnu  of  carbonic  acid  gHS.  Tliis  process  may  be  observed  uoder  tlie 
microscope  by  nmniDg  flvc-per-cent.  hydrochloric  acid  under  tlie  cover  glass  upon 
unslainwl  seclions;  llie  gas  bubbles  are  caught  as  they  evolve  beneath  the  cover. 

PiSfmentation. 

Thei-e  is  under  normal  conditions  a  certain  amount  of  pigment  in  the 
body — in  the  rete  Malpigbi  of  the  skin,  iu  the  eye,  in  muscle,  and  in 
fat.  This  pigment  is  elaborated  by  the  body  cells  and  may  vary  consid- 
erably in  amount. 

The  pigment  which  is  formed  under  patholc^ical  conditions  may  be 
derive<l  from  the  blood — hiematoffenoug  f  from  the  bile — hepatogewnta }  or 
it  may  Ite  elaborated  by  various  cells  after  the  analogy  of  the  normal 
pigment — metabolic.  Finally,  pigment  may  be  introduce*!  into  the  body 
from  withont  by  drugs,  in  tattooing,  or  by  inhalation.  The  pigment  in 
the  body,  of  whatever  origin,  may  be  in  yellow,  brown,  black,  or  reddish 
gniniiles,  or  in  crystalline  form.  It  in  often  deposited  in  cells,  but  may 
lie  free  in  the  intercellnlar  substance. 

H.KMATOiJKSOi'M  Pigment. — Blood  pigment  may  fonn  by  the  decoin- 
l>osition  of  htemoglobin  in  thrombi  or  in  extravaSated  blood.  Under 
these  conditions,  the  hfenioglobin  which  is  loosely  associated  with  the 
pliisni  of  the  red  blo<Hl  cells,  readily  diffuses,  leaving  the  cells — so-called 
"bUH)d  shadows"— pale  and  almost  invisible  and  prone  to  disintegrate. 
This  destruction  of  blood  cells  is  called  hmiiolyaU.  Hemoglobin  in  solu- 
tion in  the  body  fluids  nndergoes  varioiut  phases  of  decomposition  which 
we  Ciinnot  follow  in  detail  here.  One  of  the  derivatives  of  the  hemo- 
globin ii*  called  hwniotiAerin.     This  pigment  gives  the  micro-cheniic^tl  i-e- 

'  Cak-uli  aiv  niitssi's  uf  solid  iiiaturiul  of  i-arioiis  composition  precipitated  from  tlii- 
body  HuidR  They  will  be  considered  mider  the  s<'|mnitc  organs  in  whic'i  they  inosi 
frequently  oeciif. 
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action  for  iron,'  while  Certain  further  decomposition  products,  lio'iiia- 
toidin,  forexample,  in  amorphous  or  crystalline  form,  do  not.  Eed  blood 
corpuscles  may  be  taken  up  by  vai-ioua  forms  of  phagocytes,  and  within 
these  cells  the  decomposition  of  the  hsemoglolnn  may  Iciid  to  their  pig- 
mentation. On  the  other  hand,  bcemolysis  may  take  place  in  the  circu- 
lating blood  in  many  forms  of  poisoning,  in  acnte  infections,  notably  in 
malaria,  in  pernicious  anfemia,  in  I'arious  eachexise.  etc.  The  hsemo- 
globin  thus  set  free  in  the  body  flnids  may  be  eliminated  or  it  may  un- 
dergo decomposition,  and  its  derivatives  may  be  deposited  in  the  tissues 
as  pigment  granules. 


ENT    [N  CONNKCTITI-TlBSUK  CELLS. 

A  condition  called  hmnwJiromalo^s  has  been  described,  in  which  a 
brown  pigment  probably  derived  from  the  hsemoglobin  of  the  blood  is 
deposited  in  various  tissues  of  the  body.  The  oi^ns  in  this  condition 
may  appear  notably  pigmented  on  gross  examination.  The  pigment 
particles  which  are  found  in  the  epithelial  cells  of  glands,  especially  of 
the  liver  and  pancreas,  contain  iron;  while  an  iron-free  pigment  may  be 
present  in  the  smooth  muscle  cells  of  the  gastrointestinal  canal  and  of 
the  blood  and  lymph  vessels,  and  in  connective- tissue  cells.  This  pig- 
mentation is  commonly  associated  with  cirrhosis  of  the  liver.  Hiemo- 
chromatosis  maybe  a&sociated  with  diabetes  niellitus  and  cirrhosis  of  the 
liver,  together  with  pigmentation  of  the  skin — "bronze  skin."  The  con- 
ditions leading  to  hseniochromatosis  are  still  obscure.' 

Hbpatoqbnoub  Pigment. — Pigmentation  of  tissues  from  the  bile 
occurs  under  various  conditions.  The  bile  may  enter  the  blood  and  tis- 
sue fluids  in  obstruction  of  the  gall  ducts  by  inOanimation,  tumors,  cal- 
culi, etc.  In  the  condition  called  jaundice  or  ictena  the  tissues  are 
stained  yellowish  or  yellowish-green  by  bile  pigment.  Icterus  may  also 
occur  in  infectious  diseases  and  in  toxemia,  under  conditions  which  lead 
to  destruction  of  red  blood  cells  within  the  vessels.     Bile  pigment  may 

'  To  diSertQtiHie  irou  coiiUit)iu|r  pigment  In  tissues,  sections  may  be  plared  for  nn 
hour  in  a  mixture  consisting  of  equal  parts  of  a  two-per  cent  solution  of  potassium  fer- 
rocyanicic  and  two-pcr-cent  solution  of  lij-drocliloric  acid  diluted  willi  ninety -nine  (wrts 
of  «'at«r.     TUoirou-containing  granules  under  tliese  conditions  become  green  or  bkiish- 

'  For  a  careful  study  of  hwmochromatosis,  with  bibliography,  see  OpU,  Jour.  Exp. 
Mtd.,  vol.  Iv.,  p.  279. 
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be  deposited  in  the  liver  and  elsewhere  iu  the  form  of  yellow  or  brown 
grail  ales. 

Metabolic  Pigment. — Pigment  may  be  elaborated  by  various  forms 
of  cells  by  processes  apparently  somewhat  analogous  with  those  con- 
cerned iu  normal  pigmentation.'  This  is  exemplified  in  melanotic 
tumors,  most  frequently  of  the  choroid  and  the  skin,  and  possibly  in  the 
bronze  skin  of  Addison's  disease. 

Pigment  whose  nature  is  not  verj'  clearly  defined  may  form  in  the 
smooth  muscle  tissue  of  the  gastro-intestiual  walls,  in  various  cachexia, 
iu  the  heart  muscle,  in  the  so-called  "brown  atrophy,"  and,  under  certain 
couditions,  in  the  liver. 

As  examples  of  pigment  introduced  into  the  body  from  without,  we 
may  mention  the  deposition  of  minute  particles  of  silver  from  the  inter- 
nal use  of  silver  salts — argyria;  the  coloring  of  the  skin  and  lymph 
glands  from  tattooing;  and  especially  the  pigmentation  of  the  lungs  and 
bronchial  glands  from  the  inhalation  of  coal  and  other  dust — fmeumono- 
konioais  (Fig.  26).     This  is  universally  present  under  the  conditions  of 


indoor  life  which  modern  civilization  imposes.  Such  pigment  may  be 
brown  or  black,  and  is  usually  in  very  small  particles  within  cells  or  in 
the  intercellular  stroma. 

Necrosis. 

Necrosis  is  the  death  of  a  circumscribed  portion  of  tissue.  It  may 
be  the  result  of  insnfScient  nutrition,  from  the  cutting  off  of  the  blood 
supply;  or  it  may  depend  upon  the  action  of  destructive  chemical 
agents,  extreme  degrees  of  temperature,  certain  materials  produced  by 
the  life  processes  of  some  forms  of  bacteria;  or  it  may  l)e  due  to  me- 
chanical injury.  The  general  appearance  of  dead  tissues  varies  greatly. 
Ill  some  cases  there  is  a  simple  and  gradual  disintegration  and  softening 

'YoT  a  study  of  the  nature  of  skin  pigment,  consult  Abel  and  Biirtt,  Journal  of 
Experimental  Medicine,  toI.  i..  p.  881. 1898;  also  Vhiitenden  and  Athm,  American 
Journal  of  PUysiology,  vol.  ii.,  p,  361,  1899, 
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of  the  tissue,  resulting  in  a  mass  of  degeneraled  cells  and  cell  detritus, 
with  more  or  less  fluid  and  various  chemical  substances  arising  from  de- 
comxKisition.  The  softening  of  tbe  brain  in  embolism  is  an  example  of 
simple  necrotic  softening.  In  some  cases  the  dead  tissues  merely  grad- 
ually dry  and  shrivel  and  become  hard  and  dark  colored. 

lu  another  class  of  cases  the  dead  tissues  are  permeated  by  fluids 
■which  may  be  dark  red  in  color,  from  the  solution  of  coloring  matter 
from  the  blood,  and  may  contain  bacteria  which  induce  putrefaction,  with 
the  production  of  gases  and  various  new  chemical  substances.  The  tissues 
become  swollen  and  granular,  and  disintegrate;  and  finally  the  whole 


The  r«lli  la  (he  lower  ponkin  o[  the  rti 


may  form  a  mass  of  irregular  granules,  with  fat  droplets,  tyrosin,  leuciu, 
and  various  forms  of  crystals,  shrod.s  of  the  more  resistant  kinds  of  tis- 
sue, and  bacteria. 

There  is  at  fii-st  no  evident  morphological  difference  between  dead 
cells  and  living  cells.  But  very  .soon  in  the  former,  secondary  changes 
occur.  The  cytoplasm  becomes  more  coarsely  granular.  The  nucleus 
stains  less  deeply  or  not  at  all  with  hiematoxylin  or  other  nuclear 
dyes  (Fig.  27),  owing  to  the  di8api>earance  of  the  chromatin  which 
sH'ms  to  dissolve  in  the  tissue  juices;  this  is  called  karyolysis.  Some- 
times, howe\er,  the  chromatin  only  partially  di8api)ears,  the  remainder 
breaking  up  into  irregular,  more  or  less  deeply  staining  granules.  This 
is  called  karyorrhcxis.  Presently  tlie  cell  body  may  contain  fat  di-oplets, 
or  without  this  it  may  disintegrate. 

Gangrene. — \\lien  death  of  a  considei-able  mass  of  tiNsue  occurs,  and 
thi.s  either  dries,  as  is  possible  on  the  surface  of  the  body,  or  is  associated 
with  i)utrefaction  in  the  tissue,  the  condition  is  called  gangrene.  The 
iiivohed  part,  when  on  the  surfa^-e  of  the  body,  may  di-j-  and  become 
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harti  and  brown  or  black — mummijicatioti,  or  dry  gang rew, '  On  tUe  other 
hand  it  may,  when  patrefactive  bacteria  are  present,  in  addition  to  its 
discoloration,  become  soft  and  infiltrated  with  foul-RntelUng  gases — moixt 
gangrene.  If  the  affected  part  be  comparatively  bloodless,  the  disoolor- 
nlion,  which  is  largely  dne  to  decomposition  of  the  blood  pigment,  may 
be  abwnt. 

Focal  Necrosis. — Necrosis  io^'olving  a  small  circumscrilied  area  of 
tissue,  such  as  is  frequent  in  toxiemia,  is  called /octiJ  necroiia,  p.  201. 

Ulceration. — Necrosis  with  erosion  involving  the  snrface  of  the' 
skin  or  of  the  mncons  or  serous  membranes  is  called  an  nicer.  An  ulcer 
may  be  necrotic  in  origin,  from  the  cutting  off  of  nutrition  in  a  circum- 
scribed area,  as  in  some  forms  of  gastric  ulcer.  This  may  be  associated 
with  reactive  inflammatory  processes  which  tend  to  promote  repair.  On 
the  other  hand,  the  process  may  be  inflammatory  in  origin,  death  of  tis- 
sue following. 

<'oAGULATloN  NECROSIS. ^If  dead  area-s  of  tissue  (whether  this  con- 
dition be  dne  to  mechanical  injurj-,  to  distnrbances  of  nutrition,  or  to 
the  local  action  of  bacterial  or  other  poisons)  contain  the  substances 
nc<'e(isarj'  for  the  coagulation  of  their  albuminous  constituents,  or  if  they 
l(e  bathed  with  body  fluids  from  adjacent  parts  in  which  the  circulation 
is  uiaiotained,  a  characteristic  coagulation 
<         .        ■  of  the  necrotic  elements  is  apt  to  occur. 

-  V  The  composition  of  the  cells  of  the  tissue 

s^     i     ,  ■  '-'  is  altered,  .so  that  the  cell  bodies  are  shin- 

ing and  translucent,  sometimes  altered  in 
shape;  while  the  chromatin  and  finally  the 
nuclei  of  the  cell  disappear  (Fig.  28). 
The  white  infarctions  of  the  spleen  and 
kidneys,  the  areas  of  coagulation  necrosis 
in  tuberculosis,  and  the  iiellicle  in  croupous 
inflammation  of  the  mucous  membranes  aiv 
the  most  common  examples  of  this  lesion. 

If,  for  example,  in  the  spleen,  one  of 
the  small  arteries  is  plugged  by  an  embolus, 
a  corresponding  portion  of  the  spleen  1h*- 
comes  aniemic   and  aiii>eai-s  as    a  white, 
wedge-shaped  mass,  sharply  defined  fi-om 
'^   the  surrounding  splenic  tissue.     If  such  a 
m  white  infarction   has  existed  but  a  short 
II-  time  there  is  hardly  any  diffeivuce  between 
per  !*  ™"' "'*™"^  ""'™  "  ""  ""'^  ^^^-  apiieai'suice  of  its  anatomical  elenient« 
and  those  of  the  surrounding  spleen,  ex- 
cei>t  that  they  are  differently  affected  by  staiiiing-flnids.     If  the  infarc- 
tion is  older,  the  cells  are  small  and  shiny  and  their  nuclei  caiuiot  l>e 
seen. 

In  croupous  iuflammations  of  mucous  membranes  the  epithelial  cells 
Btud)'  of  STDile  gangrene  see  Fnlla.  Zeitschr.  f.  Heilkuniie,  Bd.  xx.,  p.  883. 
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become  shiny,  the  uuclei  disappear,  and  the  shape  of  the  cells  is  chauged 
by  the  coagulation  necrosis,  so  that  a 
number  of  tbem  together  often  look 
like  a  network  of  coagulated  fibrin. 

Cheesy  Degeneration  (Caseation), — 
As  commonly  used  this  term  embraces 
the  changes  in  the  tissues  which  we 
have  jtist  considered  under  the  more 
appropriate  name  of  coagulation  ne- 
crosis. But  it  is  also  applied  to  that 
form  of  degeneration  in  which,  under 
a  variety  of  conditions,  the  dead  tissue 
elements  lose  their  normal  structural 

features  and  become  converted  into  an  no-  ».— an  are*  of  CHu»r  deocneka- 
irregularly  granular  albuminous  and  Tthe  u'nT""*  "  *  "'""^  ^""^"^ 
fatty  material  (Fig.  29)  which  some- 
times tends  to  disintegrate  and  soften,  sometimes  dries  and  becomes 
dense  and  firm,  or  may  become  infiltrated  with  salts  of  calcinm.  Thus 
cheesy  degeneration  may,  and  very  often  does,  occur  in  tissues  which 
are  in  the  condition  of  coagulation  necrosis ;  but  it  also  occurs  in  tissues 
which  are  not  the  seat  of  coagulation  necrosis,  but  which,  for  a  variety 
of  reasons  and  in  a  variety  of  ways,  have  lost  their  vitality. 

The  terms  coagulation  necrosis  and  cheesy  degeneration,  as  com- 
monly used,  in  part  actually  cover  the  same  degenerative  conditions  in 
tke  tissues.  Both  are  indefinite,  and  will  no  doubt  remain  so  until  we 
gain  a  more  precise  knowledge  of  the  conditions  under  which  they  occur. 

Fat  Necrosis. — This  is  a  degenerative  process  most  frequent  near 
the  pancreas,  and  especially  associated  with  lesion  of  that  organ.  We 
refer  for  details  to  the  special  section,  page  578. 

Fragments  of  dead  tissues  in  the  living  body  are  in  part  dispo.sed  of 
by  leucocytes  or  other  inesoblastic  cells  which  are  attracted  to  them,  and 
may  cause  their  solution  by  a  ferment  substance'  which  they  set  free  or 
by  the  incorporation  of  particles  of  the  dead  tissue  into  their  bodi^. 
Thus  through  chemotaxis,  phagocytosis,  and  autolysis  (see  pages  111  and 
116)  considerable  masses  of  necrotic  tissue  may  be  finally  disi>osed  of 
(see  Fig.  45). 

Beceut  studies  relating  to  the  adaptation  of  the  body  to  various  alien 
substances  have  led  to~iiew  conceptions  of  the  nature  of  the  processes  by 
which  the  body  frees  itself  of  useless  or  harmful  material  either  devel- 
oped within  it  or  introduced  from  without.  For  a  fuller  consideration 
of  these  processes  see  cytoXysis,  ps^  182. 

'  For  a  consideration  of  autolysis  ami  Die  significance  of  ferments  ia  patliology  witli 
bibliograpliy  see  Jnct^y,  OcrtnUb.  f.  Patli.,  Bil.  xiii..  p.  3,  1902, 
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REGENERATION. 

Hyx>ertrophy  and  Hyperplasia. 

L'ndeb  a  variety  of  conditions,  parts  of  the  body  or  organs  become 
larger  than  normal.  The  stractural  change  to  which  this  ealargemeat  is 
dne,  may  be  a  simple  increase  in  size  of  the  elementary  structures  of  the 
part-cells,  and  other  tissue  elements.  This  is  called  mmple  hyperti-ophy. 
It  is  usually  associated  with  some  increased  functional  demand  upon  the 
cells;  as,  for  example,  in  the  hypertrophy  of  the  heart  with  lesions  of 
the  %'alves,  or  in  the  hypertrophy  of  one  kidney,  which  in  case  of  dimi- 
nution or  suspeosiou  of  function  in  the  other  assumes  the  work  of  both 
— compensatory  hypertrophy.' 

On  the  other  hand,  in  many  cases  the  increase  in  size  of  a  part  or 
organ  is  due  not  only,  or  not  at  all,  to  the  increase  in  size  of  its  elemen- 
tary stractures,  bnt  to  an  increase  in  their  number.  This  increase  in 
number  of  the  structural  elements  of  a  tissne  or  organ  is  called  numer- 
ical hypertrophy,  or  ht/perplasia.^ 

Simple  hypertrophy  and  hyperplasia  are  frequently  associated. 

Metaplasia. 

The  members  of  the  connective-tissue  group — fibrous  tissue,  mucous 
and  fat  tissue,  cartilage,  bone,  etc. — are  so  closely  related  in  nature  and 
structure  that  not  infrequently  and  under  a  variety  of  conditions  one 
form  of  tissue  assumes  the  characters  of  another.  This  change  of  oue 
form  of  closely  related  tissue  into  another  is  called  metaplasia. 

Thus,  by  a  gradual  change  in  the  cells  and  stroma  of  fibrous  tissue, 
this  may  be  converted  into  bone,  as  mucoiis  tissue  may  become  fat  tis- 
sue, and  hyalin  cartilage  become  fibrous.  Metaplasia  is  a  process  in- 
volving active  changes  on  the  part  of  the  living  cells  of  the  tissue,  and 
should  be  clearly  distinguished  from  certain  degenerative  processes,  in 
the  course  of  which  one  form  of  connective  tissue  may  assume  super- 
ficial resemblances  to  others  of  the  group,  as  in  calcareous  and  mucoid 
degeneration. 

While  metaplasia  is  most  common  among  the  members  of  the  con- 
nective-tissue group,  it  sometimes  occurs  in  other  tissues.     Thas,  for 

'  For  bibliography  of  pompeosatory  liypertropliy  sec  rcft-reiici'  to  Afr/ioff,  ]\  108. 
•ConsHll  for  examples  of  hyperplasia  and  liypertrophy  the  following  sections  on 
Regeneration  and  Inllammation. 
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example,  the  epithelium  of  the  iiose,  bronchi,  urinary-  passages,  eenix 
Hteri,  and  gall  bladder,  may  under  a  variety  of  eonditions  assume  the 
charactei-s  of  squamous  epithelium  of  the  skin  type. ' 

It  should  be  remembered  that  metaplasia  occurs  only  witbiu  the  limits 
of  closely  related  tissues :  when  differentiatiou  has  advanced  so  that  such 
distiuct  types  of  tissue  have  beeu  formed  as  connective  tissue,  epithelium, 
muscle,  nerve,  these  do  not  agaiu  mei^  through  metaplasia. 

Begeneration. 

General  Coniideratioiu, — It  is  during  the  earlier  periods  of  life  that 
the  new  formation  of  cells  in  the  body  is  most  active.  From  the  fertil- 
ization of  the  ovum  until  the  t  issues  and  organs  have  assumed  the  varied 
forms  aud  functions  which  the  physiological  division  of  labor  amon^  the 
cells  imposes,  cell  proliferation  and  cell  adaptation  to  a  changing  eini- 
ronment  are  constant  and  important  features  of  individual  development. 
After  this  time,  under  normal  eonditions,  new  cell  formation  is  lanie- 
ly  limited  to  the  replacement  of  worn-out  cells  or  to  the  restitution  of 
snch  cells  as  may  be  sacrificed  in  the  i>erformance  of  Iheir  physiological 
functions. 

Tlic  BtiidieB  of  Bixzoxcvo  Iiuvl'  shown tliat,  notwitlistaDding  tbe  great  diversity  i[i 
tbe  caparity  for  pliyaiolugical  regeneration  among  tissue's,  they  may  bo  eouvi'uieufly 
gmu])e<l  into  three  plaases,  as  follows:  Mnt.  lisaiies  wliost'  cells  are  capable  of  multipli- 
cation tlmnigliout  tlie  life  of  tlie  individual  or  for  a  considerable  peiioil  after  matiiriiy, 
and  so  lead  to  a  contiaiial  regeneratiun.  Tlicse  arc  tinsues  wliose  cells  are  labile  uiid 
i^vaiiesccDt.  In  this  claNg  arc  ihu  parencljynia  cells  of  those  glands  or  structures  which 
protluce  formed  elements,  such  as  the  spleen,  lymph-nodes,  bone-marrow,  ovary,  testi- 
cle. Also  tbc  epitUeliiini  of  the  skin  wilh  its  hair  follicles  and  scliaccous  glands,  and  of 
the  mucous  mendiran<-s  of  the  rcRpimtory.  digestive,  and  geni to- urinary  organs.  ,S<-- 
oiuf,  tissues  wliose  elements  increase  by  diviKinn  up  to  the  time  of  birth,  or  sometimes 
forasliort  periixl  thereafter,  when  evidenci- of  physiological  regeneration  ceases.  Tljcse 
are  tissues  with  permanent  evils.  In  tliis  class  are  the  |)arenchynta  cells  of  those  glands 
wldch  secrete  fluid  material,  such  as  the  liver,  kidney,  pancreas,  salivary  glanils,  i'i<'. 
Also  members  of  the  connei'tivpiis.sue  group,  fibrous  tissue,  cartilage  and  bone,  and  tlie 
smooth  inuEcle  fibres.  Thinl.  striated  miistrle  and  nerve  tissue.  In  these  (issues,  divi- 
sion by  mitosis  I'eases  at  an  <-arly  jierlod  and  before  the  tissues  have  acquired  ttieir  s)>e- 
I'ial  characters.    Here  a  physiological  regeneration  does  not  occur. 

This  gnm|>ing  of  tissw-s  in  accordance  with  their  capacity  for  physiological  regen- 
eration, while  liable  to  miHtilicalion  under  further  researeli.  affords  a  suggestive  guide 
in  our  Rtudies  of  n-gencratlon  under  ahnonnal  conditions.  For  l>eyond  tlie  regeuerati>'e 
capacity  tionnally  exercised  by  cells  in  rcsjionsi:  lo  Ihc  physiological  wear  aud  tear  of 
life.  Ihey  are  f]X-(|ueully  ealliii  u|Hin  to  inaki'  gixKl  unusual  losses,  as  the  result  of  many 
forms  of  injury. 

Kegeneration  of  injured  tissues,  all  new  growths,  as  well  a.*  Ihn 
hyperplasias  above  mentioned,  ai*  invariably  brought  about  by  prolifer- 
ation or  other  changes  in  living  cells.  Furlhemiore,  just  as  the  cells  of 
the  adult  organism  are  the  offspring  of  one  original  cell,  the  otuni,  so 
are  all  the  new  cells  which  api>ear  in  the  body  under  abnormal  coiidi- 
tiooB  derived  from  pre-existing  cells  by  division. 

'  For referenci'S  lo  epillielial  nietnplasia  sl*  .Vinetnur  in  Boueliai'd's  " Traite  de  Path, 
gen,,"  t.  iii,,  pt.  S,  p.  7S4. 
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"We  shall  now  briefly  »iuuiu»rizc  the  iuorphol(^ical  changes  which 
cells  uudei^o  in  division  ami  Khali  then  indicate  the  decree  of  i-egeuer- 
ative  capa<^ity  which  various  forms  of  tissues  possess. 

HODXS  OF  CELL  DIYISION. 

The  careful  and  minute  study  of  cells  during  the  act  of  di\-ision, 
which  has  been  recently  made,  has  revealed  many  most  curious  phe- 
nomena and  has  opened  a  new  world  of  observation  nearer  to  the  elemen- 
tary expression  of  life  than  has  seemed  possible  in  earlier  times.  It  will 
suffice  for  our  purposes  briefly  tu  indicate  some  of  the  more  striking  feat- 
ures of  the  new  cell  lore. 

It  is  well  to  FH-all  at  the  outset  that  recent  studies  of  cells  have  shown 
that  even  in  their  simplest  forms  they  are  highly  organized,  and  that 
their  different  parts  have  special  functions  to  perform.  Thus  the  nucleus 
presides  over  the  constructive  metabolism  or  assimilati\'e  proce-ss  of  the 
cell  and  furnishes  the  physical  basis  upon  which  the  transmission  of 
hereditary  characters  depends.  The  cytoplasm  of  the  body,  on  the  other 
hand,  is  concerned  in  those  phases  of  metabolism  which  result  in  the 
libei-ation  of  enei^y  in  movements  of  various  kinds  and  in  the  formation 
of  new  chemical  substances.  The  centrosome  also  in  certain  cells,  thou(;h 
not  apparently  in  all,  appeal's  to  play  an  important  i>art  in  the  changes 
incident  to  division. 

Two  modes  of  cell  division  are  commonly  recognized.  First,  indirrct 
divmwt  (mitosis,  or  karyokinesis);  second,  direct  dirittion  (amitosis;. 

ISDIKEtT  (MlTOTIf)   ('ELL   IHVISIOX. 

This  is  the  most  common  mode  of  cell  division  and  is  especially  char- 
acteristic of  embi-yonic  cells  and  those  which  are  undergoing  active  de- 
velopment. While  it  presents  great  variations,  its  general  featni-es  may 
be  thus  briefly  summarized: 

Among  the  earlier  changes  which  are  to  be  seen  in  a  cell  about  to 
divide  by  mitosis  are  a  condensation  and  an  increase  in  the  staining  capac- 
ity of  the  chromatin  of  the  intranuclear  network.  This  chromatin  sub- 
stance gathers  into  a  contorted  thread  or  threads,  called  the  spircmen 
(Fig.  yy,  2),  within  the  nucleus,  whose  membrane  with  the  nucleolus 
gradimlly  disap]>ejirs  so  that  the  spireme  lies  free  in  the  cytoplasm;  and 
at  the  same  time  with,  or  preceding,  these  changes  in  the  nucleus,  theie 
nmy  be  a  division  of  the  centrosome  when  this  is  present,  the  segments 
resulting  from  this  division  itassing  to  opposite  parts  of  the  cell,  usually 
outside  the  limits  of  the  nucleus.  Around  each  of  the  new  centrosonies, 
which  stain  deeply  with  hiematoxylin  or  other  nuclear  dyes,  nmy  be  a  cleai- 
zone  of  uiistaine<l  material,  or  a  series  of  fine  radiating  fibrils,  or  both; 
the  whole  forming  a  structure  called  apolar  body  (Fig;  ;ii>,  2  and  3). 

Now  the  threads  of  the  spii'eme  break  across  transversely,  forming  a 
series  of  more  or  less  rod-like  bmlies  called  chi-omosomes,  which  form  a 
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somewhat  flatteu«<l  duster  or  wreath  between  the  polar  bodies,  lying  in  a 
plane  at  a  right  augle  to  a  line  passing  between  the  latter.'  While  this 
mass  of  ehromosomes — sometimes  called  the  monoMer — has  a  stellar  or 
wreath-like  appearance  when  seen  from  the  side,  it  is  more  baad-like 
when  viewed  iu  profile  (Pig.  30,  3  and  4), 

Between  the  polar  bodies  and  across  the  monaster  there  may  now  be 
stretched  a  bridge  or  spindle  of  delicate  fibrils  resembling  those  about  the 
centrosoine  in  the  polar  bodies. 

This  fibril -spindle,  together  with  the  polar  bodies,  is  cal.led  the  achro- 
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1.  H«tliig  rell.  2.  Bplreme  phase:  Ihe  ccntfosome  baa  dlsfded,  the  polar  body  ts  seen  abOFe;  the  ait- 
clear  m^mbraiKi  haa  not  ;ret  dlsappt^red.  11.  Monastt^r  phase ;  tlie  polar  bodies  havR  arraiijred  tbemselve^ 
on  either  aide  ot  the  monisler  here  sBcn  frotp  the  edRp,  4.  The  monaater  seen  from  thrslde.  OandU. 
Dlaaler  phase:  the  chmoioaonie  elustera  have  separated  and  the  arbromiitlc  Dfture  Is  aeen  ;  InOtheaEitl- 
nieniatlon  or  tbe  celj  body  hai  begun.  7.  The  completion  of  Ibe  nurlear  dldaiiin  and  sesmenlatlon  at  Oh- 
cell  bod7. 

Viatic  Jiffure  ia  distinction  from  the  structure  formed  from  the  chromatin 
which  stains  with  nuclear  dyes,  and  is  called  the  chromatic  Jiffure. 

The  whole  complicated  structure  composed  of  both  the  chromatic  and 
achromatic  sabstance  constitutes  the  mitoiic  figure. 

Now  each  chromosome  splits  lengthwise  into  exactly  equal  parts. 
These  parts  separate  into  groups  which  pass  to  the  polar  bodies  at  op- 
posite ends  of  the  spindle.  This  is  sometimes  called  the  diasfer  phase  of 
mitosis  (Fig.  30,  5  and  6). 

Con-eaponding  to  the  division  of  the  chromosomes  into  eqnal  parts, 
the  cell  body  divides,  each  part  containing  one  of  the  gronps  of  dangh- 
tcr  chromosomes  <)r  diasters,  together  with  one  polar  body  and  a  part 
of  the  achromatic  spindle  (Fig.  30,  6).  Kow  a  new  nncleus  is  formeij 
about  the  daughter  chromosomes  which  gradually  assume  the  characters 

I  It  is  believed  tiiat  every  species  has  a  fixed  and  characteristic  number  ot  chromn- 
somes  ill  tlic  dividing  cells,  und  tlmt  in  forma  arising  by  sexual  repruduclloa  tliis  num- 
ber is  even.     In  man  tbe  uiiniber  i»  believed  t>y  some  to  be  16.  by  utiiers  32. 
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of  the  resting  iutrsDuclear  network  (Fig.  30,  7).  The  aebromatic  flbrila 
disappear  from  the  new  cell,  while  the  ceutrosome  may  also  disappear  or 
may  take  its  place  iu  the  cytoplasm  beside  the  uew  nucleus. 

There  are  countless  variations  and  details  in  the  minute  processes  of 
mitotic  cell  division  and  much  interesting  conjecture  as  to  the  meaning  of 
the  various  changes  in  mitosis,  which  the  scope  of  this  work  does  not 
permit  us  to  consider.  But  the  facts  already  at  hand  are  of  extreme  sig- 
nificance to  the  biolc^ist  and  point  toward  large  fields  of  research  in 
pathology  when  the  normal  processes  shall  have  been  more  clearly  and 
exhaustively  determined. 

Abnormal  Fbaim  of  Hitotia  are  not  infrequent.  Thus  the  mitotic  fig- 
ures may  be  asymmetrical,  so  that  the  distribution  of  chromatin  sub- 
stance to  the  daughter  cells  may  be  unequal  (Pig.  31).  There  may  be 
multipolar  mitosis,  so  that  instead  of  two,  several  nuclei  may  form.  Or, 
the  new-formed  chromosome 
masses  may  fail  to  share  in  the 
formation  of  the  new  nuclei.  _ 

Such  abnormal  mitoses  are 
frequent  in  certain  tumors,  and 
they  may  l>e  experimentally  in- 
duced by  the  application  of  ^'ari- 
ous  chemical  substances  toliving  ^,^  ^.-a^ho^l  ph^k  or  m,tob,s. 

cells.  Too  little  IS  known  about  |„i,otb«,ll.U.e  mlu>^  l.«rd.metrlail.,md  m  mecell 
the  conditions  uuder  which  ab-  touieiefttrtpoiar. 

normal   mitoses  occur,  and   too 

little  about  the  nature  of  the  impulse  to  cell  division  in  general,  to 
justify  to-day  far-reaching  conclusions  as  to  the  significance  of  these 
iuteresting  abnormalities  in  the  life  of  the  cell. 

The  Signifioanoe  of  Hitosis. — The  term  miUms  or  karyomitosU  is  applied 
to  th's  indirect  mode  of  cell  division,  on  account  of  the  involvement  of 
the  nuclear  threads.  It  is  also  sometime-s  designated  as  htryokinesiKi  from 
the  form  changes  which  these  threads  undergo.  Aside  from  its  intrinsic 
biological  interest,  a  knowledge  of  mitosis  in  proliferating-cells  is  of  im- 
portance in  pathology,  because  the  recognition  of  mitotic  figures  often 
euables  us  to  decide  with  certainty  what  particular  cells  or  cell  groiyis 
are  invohed  in  the  formation  of  new  tissue.  The  most  significant  feat- 
ure, however,  of  the  whole  proce.'s  of  mitosis,  with  alt  its  intricate 
variations,  appears  to  be  that  the  chromosomes,  during  their  sepai-ation 
into  two  or  more  clusters  to  form  the  basis  of  new  cells,  undergo  an  exact 
longitudinal  division.  So  that,  uuder  normal  conditions,  no  matter  how 
unequal  the  division  of  the  cjloplasm  may  be,  all  of  the  new  iniclei  sham 
alike  in  the  chromatin  substance  of  the  parent  nucleus.  This  fact  ap- 
pears to  be  of  extreme  importance  in  the  recognition  of  a  physical  basis 
of  inheritance. ' 

'  Sec  reference  to  summary  liy  Wilson,  pp.  273  flnri  273. 
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Direct  (Amitotic)  Cell  Division. 

In  this,  ^rhich  although  relatively  rare  appears  to  be  the  most  siiuple 
mode  of  cell  divisiou,  without  those  preliminary  changes  iu  the  nucleus 
which  are  seen  in  mitotic  cell  division,  the  nucleus  with  its  membrane 
becomes  constricted  and  finally  divides  into  two  or  more  parts  which  be- 
come new  nuclei.  At  the  same  time  or  following  this  simple  nuclear 
division  the  cell  body  divides,  and  thus  two  or  more  cells  may  form  iu 
the  place  of  one.  Sometimes  the  nuclear  division  is  not  followed  by  a 
di\isiou  of  the  cell  body,  and  thus  multiuuclear  cells,  or  "giant  cells" 
may  be  formed. 

The  signifiance  of  the  diflference  between  the  amitotic  and  the  mitotic 
cell  divisiou  is  that,  while  in  the  former  there  is  an  exactly  even  di\ision 
of  chromatin  to  the  daughter  nuclei,  the  division  in  the  latter  is  of  the 
nuclear  mass  as  a  whole. 

Amitotic,  as  well  as  mitotic,  division  occurs  in  leucocytes,  in  some 
forms  of  epithelium,  and  in  pathological  new  formations.  While  the  na- 
ture of  the  process  is  little  understood,  there  appears  to  be  much  reason 
for  the  belief  that,  in  general,  amitotic  division  is  "characteristic  of  highly 
specialized  or  degenerating  cells  in  which  development  is  approaching  its 
end. " ' 

OBNBBAL    CHABAOTEBS   AND    LWITATIONB    OF   CELL 
KEQENEBATION. 

It  should  be  borne  in  mind,  in  studying  the  r^eneration  of  ^-arious 
kinds  of  cells  and  tissues,  that  the  acquirement  by  certain  cells  of  special 
functional  powers  as  the  result  of  the  physiological  division  of  labor  has 
involved  the  impairment  of  some  of  their  more  primitive  general  capac- 
ities, among  these  that  of  reproduction.  Thus  it  is  that  we  find  in  the 
ganglion  cells  an  almost  total  lack  of  reproductive  capacity ;  while  in 
many  of  the  gland  cells  this  is  slight,  in  others  considerable.  In  some  of 
the  less  highly  differentiated  cells  of  the  body,  on  the  other  hand,  as  in 
certain  forms  of  epithelium,  in  blood  cells,  and,  in  the  cells  of  the  con- 
nective tissue,  this  primitive  capacity  of  protoplasm  to  form  new  simi- 
lar cells  by  division  is  maintained,  and  may  be  evoked  by  the  changed 
conditions  which  injury  or  loss  involves. 

Although  the  occurrence  of  mitosis  is  the  mark  by  which  we  espe- 
cially recognize  the  regeuei'ative  process  in  cells,  it  should  be  remembered 
that  mitosis  or  some  of  its  phases  may  occur  in  cells,  without  being  fol- 
lowed by  those  further  changes  which  lead  to  new  cells  or  new  tissues.* 

We  may  also  often  recognize  new-formed  cells  and  tissues  by  differ- 

'  For  a  comprehensive  Biimmary  of  facts  and  theories  concerning  the  cell,  both  in 
higher  antl  lower  forms  of  life,  consult  WiUon't  masterly  work,  "  The  Cell  in  Develop- 
ment and  Inheritance."  1900, 

'One  isoften  disappointed  in  seeking  for  mitotic  figures  to  find  bo  few  of  them  even 
in  rapidly  growing  tissues.  This  is  due  to  the  fact  that  cell  division  even  when  active 
is  not  continuous,  and  periods  of  rest  may  follow  the  act  of  division.  See  Thomn's 
"Textboolt  of  Geueral  Pathology."  Eugiisb  Tr.,  vol.  i..  p.  48L 
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eoces  ill  the  shape  aiid  character  of  the  cella  and  the  arraQgement  of  the 
tissue  elements,  the^  often  approaching  the  embryonic  type  in  form  aa 
well  as  in  character  of  development.  Furthermore,  the  atypical  arraQge- 
ment often  seen  in  new-formed  cells,  both  iu  regard  to  each  other  and  in 
their  association  with  older  tissues,  may  aid  in  the  identification  of  the 
formative  process. 

ludividnal  cells,  even  after  having  nudei^one  marked  strnctural 
changes — as,  for  example,  in  albnminoua  degeneration — or  after  a  certain 
degree  of  physical  injury,  may  be  restored  to  a  normal  condition. 

After  destructive  injury  or  loaa  a  full  and  complete  replacement  of 
cells  and  tissues  "an  occur  only  as  Ihe  result  of  a  proliferatiou  of  cells  of 
the  same  type  as  those  to  be  restored.  Thus  a  regeneration  of  epithe- 
lium occurs  by  pi-oliferation  and  growth  of  epithelial  cells  alone ;  regen- 
eration of  muscle  by  muscle  cells,  etc.  In  fact,  however,  iu  the  higher 
types  of  tissue,  after  considerable  injuries  with  loss  of  substance  or  after 
destructive  patholc^cal  processes,  complete  regeneration  is  not  common. 
This,  as  we  have  seen,  is  because  the  highly  8i>ecialized  cells  of  the  body 
are  limited  in  their  capacity  for  reproduction  closely  to  the  domain  of 
phyidolc^eal  regeneration.  What  we  ordinarily  call  healing  in  exten- 
sive wounds  of  the  more  highly  specialized  tissues  is  usually  a  provi- 
sional makeshift  rej>air  by  means  of  new-formed  connective  tissue. 

We  have  seen  that  the  regenerative  capacity  in  the  cells  of  the  human 
body  is  most  marked  in  the  less  highly  differentiated  types  of  cells,  and 
that  it  is  above  all  connective  tissues,  blood-vessels,  and  epithelium, 
which  most  frequently  and  most  completely  undergo  regeneration.  These 
are  relatively  lowly  organized  tissnes  and  serve  for  the  maintenance  or 
protection  of  more  highly  specialized  tissues,  and  with  them  regenera- 
tion maybe  complete  with  full  restoration  of  function.  But  although 
the  more  highly  organized  tissnes  in  man  do  not  undergo  after  injury  any 
considerable  regeneration,  they  are,  when  uninjured,  capable,  under  the 
stimulus  of  increased  functional  exercise,  of  compensatory  hypertrophy, 
so  that  the  loss  to  the  organism  of  similar  tissue  is  made  good,  thiui  by 
the  structural  hypertrophy  and  increased  performance  of  one  kidney 
after  the  removal  of  the  other. 

The  capacity  to  regenerate  lost  or  injured  parts  exists  to  a  certain  ex- 
tent in  all  animals  but  is  most  marked  among  the  lower  forms.  Thus  if 
an  amoeba  be  cut  in  two  so  as  to  leave  one  part  with  the  intact  nucleus, 
this  part  lives  and  the  one-celled  organism  is  completely  restored.  The 
fresh-water  hydra,  composed  of  many  cells,  may  repioduce  a  lai^e  por- 
tion of  the  organism  from  a  small  severed  fragment.  The  common  earth 
worm  can  reproduce  a  severed  head  or  tail.  Crabs  reproduce  a  whole  leg 
if  the  severance  takes  place  at  a  particular  joint.  Salamanders,  snails, 
etc.,  can  reproduce  leg  and  tail.  It  is  further  noteworthy  in  this  connec- 
tion that  the  larvse  of  many  lower  forms,  such  as  reptiles  and  insects, 
have  a  much  greater  capacity  for  the  reproduction  of  lost  parts  than  the 
same  species  have  when  in  the  adult  condition. ' 

'Consult  Morgan,  "RegeaeratiOB,"  Columbia  Uaiverdty,  Biol.  Scr.,  1901. 
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KEOENBBATIOH  OF  SPECIAL  TISSTTBS. 

Kegeneration  of  the  Herve  Tiuae.— In  the  nervous  Byslem  we  find  no 
evideoce  that  the  ganglion  ceils  are  capable  of  reproduction.  Some  phases 
of  mitosis  are  occasioually  fouud  in  them,  although  they  do  not  appear 
to  lead  to  proliferation.  But  if  the  esseutial  parts  of  the  ganglion  cells, 
iucludiug  the  nuclei,  be  intact,  a  restoration  may  occur  of  their  central 
as  well  as  their  peripheral  branches.  The  fibrous  and  the  neuroglia  tis- 
sue of  the  central  nervous  system,  on  the  other  hand,  may  increase,  and  in 
this  way,  e\en  with  considerable  loss  of  substance,  injuries  to  the  brain 
and  cord  may  undergo  a  sort  of  patchwork  i-epair. 

In  the  peripheral  nerves  a  considerable  regeneration  of  fibres  may 
take  place  after  injurj-,  wheu  the  corresponding  ganglion  cells  are  intact. 
This  restoration  may  be  efifected  in  i>art  by  fibrous  tissue  which  bridges 
the  damaged  region  and  affords  guides  or  channels  along  which  the  axis 
cylinders  may  grow  out  from  the  uninjured  central  segments,  finding 
their  way  to  their  endings,  as  in  embryonic  development  they  stretch 
into  the  tissues  far  from  the  ganglion  cells  in  which  they  originate.  The 
restitution  is  possible  here  because  the  centre  of  nutrition  aud  at  least  a 
limited  reparative  control  in  the  ganglion  cell  are  intact. 

Further  details  as  to  degenerations  and  regenerations  of  nerves  and 
nerve  tracts  may  be  found  in  the  chapter  devoted  to  The  Nenous 
System. 

Regeneration  of  Hnicle  Tiune. — Begeneration  of  smooth-vimde  tUeue 
after  injnry  is  slight.  Mitosis  may  occur  in  the  cells  and  preliminary 
phases  of  division  of  the  body  have  been  described,  but  it  is  doubtful 
whether,  except  possibly  to  a  veiy  slight  extent,  new  cells  are  formed. 
Such  healing  as  occurs  after  wounds  and  other  injuries  is  largely  effected 
by  new-fonned  fibrou.s  tissue. 

A  partial  regeneration  of  striated  vtusde  occurs  after  various  form  of 
dama^  and  losses  of  substance.  There  may  be  division  by  mitosis  in 
the  sarcolemma  nuclei  (Fig.  32)  associate<l  with  the  accumulation  near 
them  of  granular  protoplasm,  which  becomes  striated,  either  in  «(«  or 
as  independent  cells.  At  the  injured  end  of  the  muscle  fibre  a  similar 
process  may  occur,  so  that  these  damagedfibres  may  be  in  part  restored. 


sroa   uuouD    [  noa-tlriated  pro- 

If  as  the  result  of  the  injury  some  of  the  nucleated  protoplasm  escapes 
from  the  sivrcolemma,  a  similar  development  of  striated  cells  and  cell 
masses  niav  occur. 
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It  is  eepecially  in  certain  forms  of  d^eiieratiOD  of  the  contractile 
substance,  after  typhoid  fever  for  example,  in  which  the  nuclei,  the  sar- 
colemma,  and  the  general  framework  of  the  tissne  are  uninjured,  that 
T^^neration  of  striated-mnscle  fibres  is  most  complete.  After  injuries 
with  considerable  destrnctioa  of  the  muscle  tissue,  regeneration  is  apt  to 
be  irregular  and  incomplete.  ^Vhile  there  ik  often  much  nuclear  divi- 
sion and  often  the  formation  of  lai^e  numbers  of  more  or  less  striated 
and  variously  8hai>ed  cells,  these  are  apt  not  to  develop  into  useful 
muscle  fibres  and  may  disappear  by  de^neration  and  absorption  or  by 
pressure  atrophy.  Here,  as  elsewhere  in  highly  organized  tiRsues,  such 
restitution  as  is  possible  after  considerable  injury  is  achieved  by  fibrous 
tissue. 

It  is  interesting  to  note  that  such  regeneration  as  does  occur  in 
striated  muscle  is  not  initiated  by  the  highly  diffei-entiated  coutractile 
substance,  but  by  the  nuclei  aud  small  residual  amount  of  undifleren- 
tiated  protoplasm,  and  that  -such  more  or  less  definitely  striated  cells  as 
arc  formed,  are  in  many  respects  similar  to  certain  foi-ms  of  developing 
muscle  cells  in  the  embrj'o. 

Although  mitosis  and  nuclear  division  ha\e  been  seen  in  the  muscle 
fibres  of  the  heart  after  injurj',  there  is  no  evidenct^  that  new  muscle  can 
be  formed.     Repair,  which  is  not  infrequent,  is  secured  by  fibrous  tissue. 

R^eneration  of  Epithelium. — Owing  to  continuous  shedding  or  to 
functional  destruction  of  epithelium  of  the  skin  and  nnieons  membranes 
and  certain  of  their  adnexa,  physiological  regeneration  by  mitosis  is 
common. 


FlO.  33.— RlOKSEBillO.I  or  EPiTHELlCM. 

t  ihertBlil  tbeWn  pellkle  ot  new  formed 


After  injuries  also  regeneration  of  epithelium  in  these  situations  oc- 
curs by  mitosis  aud  may  t>e  extensive  and  complete.  The  new  epithelium 
always  forms  from  the  old,  and,  when  surface  losses  are  to  be  made  good, 
extends  inwanl  from  the  edges  across  the  injured  ai-ea  after  a  suitable 
substratum  has  been  formed  by  fibrous  tissue  and  blood-vessels  (Fig.  33, . 
The  new  epithelium  is  at  first  atypical  in  form  and  arrangement  owing 
to  the  necessity  for  a  gra<lual  adaptation  to  the  sustaining  and  associated 
tissues.  Thus  the  epitlielium,  which  at  first  presses  forwai-d  over  a  heal- 
ing wound  of  the  skin,  may  be  in  the  form  of  a  single  layer  or  a  thin 
smooth  pellicle  without  the  usual  variations  in  size  and  shai^e  by  which 
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it  is  later  eiiaracterized  when  the  papilla  of  the  new  cutis  are  formed 
and  the  new  cells  have  adjusted  themselves  to  these  and  to  each  other.' 
In  stratified  epithelium  it  is  the  deeper  layers  from  which  the  new 
cells  chiefly  arise.  Wliile  amitotic  divisiou  has  beeu  observed  in  the 
restitution  of  surface  epithelium,  this  occurs  iu  the  more  sui>erficial  cells 
and  is  believed  not  to  be  coucerned  iu  the  regeuerative  process. 

Regeneratiou  of  gland  epithelium  after  injury  is  of  frequent  occur- 
reuce,  though  this  capacity  varies  considerably  iu  different  glands.  In 
many  cases  it  appears  to  be  by  a  proliferation  of  the  epithelium  liniug 
the  smaller  excretory  ducts  that  the  restitution  is  accomplished,  rather 
than  by  the  more  highly  diffeientiated  secreting  cells.  This  is  of  espe- 
cial iuterest  because  it  affords  an  excellent  example  of  the  rehearsing  under 
abnormal  conditions  and  for  reparative  ends  of  a  developmental  phase 
of  cell  life. 

In  the  liver  very  extensive  new  formation  of  liver  cells  may  occur 
after  experimental  removal  of  a  portion  of  the  organ.  In  the  thyroid 
gland  also  new  gland  tissue  may  be  formed  after  injury.  In  the  kid- 
ney the  regenerative  capacity  of  the  epithelium  appears  to  be  less 
marked,  though  proliferation  of  the  epithelium  of  the  collecting  tubes 
may  take  place.  But  in  all  these  cases  it  is  often  dtflicult  to  determine 
how  much  of  the  increase  in  parenchyma,  which  oudoubtedly  may  occur, 
is  due  to  a  formation  of  new  gland  tissue  and  how  much  to  a  compensa- 
tory hypertrophy  of  the  old. 

WTiile,  therefore,  it  is  true  that  after  injuries  to  the  glands  a  consider- 
able regeneration  of  epithelium  may  occur,  when  the  loss  of  substance 
is  extensive  it  is  usually  rather  by  a  fibrous-tissue  rei>air  or  by  a  com- 
pensatory hypertrophy  or  hyperplasia  iu  the  uninjured  portions  of  the 
organ  than  by  the  new  formation  of  true  glaud  tissue  that  restitution 
occurs. 

Regeneration  of  ConnectiTe  Tisiue. — ^^'e  have  seen  again  and  agaiu  iu 
re^'iewiug  pathological  regeneration  that,  iu  local  restoration  after  in- 
jury, fibrous  tissue  plays  an  important  part,  either  by  itself  or  in  asso- 
ciation with  various  forms  of  parenchyma.  New  fibrous  tissue  may  be 
formed  in  the  atlult  to  replace  ti.ssue  which  has  beeu  destroyed.  It  re- 
sults from  many  kinds  of  prolonged  cliemiciil  and  mechanical  irritants. 
Thus  ati-ophy  of  the  parenchyma  may  be  followed  by  interstitial  fibrous- 
tissue  growth,  or  new  fibrous  tissue  may  develop  under  the  influence  of 
bacterial  and  other  toxic  sulwtances,  and  it  freqneutly  forms  dense  cap- 
sules about  the  seat  of  old  lesions  or  around  foreign  bodies. 

Many  forms  of  compensatory  fibrous- tissue  development  will  be  de- 
scribed in  the  second  section  of  this  book,  such  as  thickening  of  the 
walls  of  blood-vessels,  inflammatory  adhesions,  i-eplacement  hyperplasia, 
etc. 

Wc  have  now  to  consider  briefly  the  changes  involved  in  the  new 
formation  of  this  fibrous  tissue.     Here,  as  in  all  other  tissues  of  the  body, 

'For  a  study  of  tlic  regeiierution  of  mucous  tuembrftnus  sec  Vorniland  Carjiot,  Arch. 
de  Med.  Exp.,  toine  xi.,  p.  418,  1890. 
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it  is  the  cells  alone  which  take  the  iuitiative,  the  formation  of  intercel- 
lular substance  being  always  secoudarj'  to  the  formation  of  the  cells  and 
always  occurring  under  their  influence. 

New  connectii'e- tissue  cells  may  be  formed  by  mitosis,  either  from 
older  connective-tissue  cells,  or,  as  now  seems  certain,  from  the  endothe- 
lium of  the  blood-vessels  and  possibly  from  the  so-called  "plasma  cella"' 
In  either  case  the  cell  about  to  divide  shows  an  increase  in  the  size 
of  the  body,  which  becomes  more  granular;  the  nucleus  divides  by 
mitosis,  segmentation  of  the  cytoplasm  following.  This  process  may  be 
repeated  so  that  many  cells  are  derived  from  one,  separated  at  first  by 
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a  small  amount  of  homogeneous  intercellular  substance.  These  cells, 
at  first  more  or  Ie.ss  sphcroidiil  in  form,  may  become  larger,  aud  poly- 
hedral or  elongated.  Little  by  little,  fine  fibrils  appear  between  tlie 
cells,  sometimes  apparently  as  extensions  of  their  eytopliism,  sometimes 
along  their  sides  in  the  homogeneous  material  in  which  they  lie.     Such 

'  Plasma  Cei.lb. — It  is  believed  by  raany  that  tlie  so-called  pl/rnma  reUii  are  fre- 
quenlly  and  largely  concerned  in  tbe  formation  of  Dew  fibrous  tissue.  Plasma  cells 
are  rounded  or  polvbedral  or  elongated,  depeiuling  upon  tlicir  situation,  and  vary  in 
size  from  that  of  a  leucocyte  to  many  times  this  size.  The  rounded  or  oval  nucleus  ia 
usually  ex  centric  and  commonly  shows  several  irregular  groupings  of  chromatin  ma-sscs 
just  beneath  the  membrane.  The  body  of  the  plasma  cell  is  especially  characterized 
by  the  staining  of  its  protoplasm  b^  basic  auiliu  dyes — the  polychrome  methylene  blue 
of  Unna,  for  example.  The  stainuig  is  comiaonly  less  intense  near  the  nucleus  and  is 
otlierwise  frequently  uneven. 

Such  ceils  occur  normally  in  the  bone  marrow,  spleen,  lymph  nodes,  and  gastro- 
intestinal mucosa  ot  man,  and  may  be  found  under  various  patholo(iical  conditions, 
especially  in  hyperplasia  and  the  new  formation  of  flbroiiB  tissue.  It  is  believed  by 
many  ob3er\'ers  thai  plasma  cells  are  direct  derivatives  of  the  small  mononuclear 
lymphocytes,  and  that  when  these  gather  in  the  tissue  by  emigration  thoy  may  either 
undergo 'degeneration  and  destruction,  or,  on  the  other  liand,  that  they  may  become 
con nective-1  issue  cells  and  share  as  fibroblasts  In  tlic  formation  of  fibrillar  stroma.  The 
origin  and  significance  of  "  plasma  cells  "  is  not  yet  altogether  clear,  and  we  raiiet  refiT 
lo  larger  works  for  further  data.  See  "Critical  Summary  of  Recent  Literature,"  by 
WiOiamt,  Americau  Journal  of  the  Medical  Sciences,  vol.  cxix.,  p.  703,  1900. 
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new  oonnective -tissue  cells  coucerneil  in  the  fomiatiou  of  fibrillar  stroma 
are  c^ledfibroblasta  (Fig.  34).  As  the  fibronfi  stroma  iod'eases  in  amount 
the  cells,  at  first  relatively  abundant,  become  elongated  and  flattened, 
until  as  tbe  nev  tissue  approiKhes  maturity  the  more  or  less  dense 
fibrillar  stroma  preponderates,  pressing  the  cells  between  its  bundles 
or  layers  into  variously  shaped  plaques,  often  fusiform  or  linear  in 
profile. 

In  the  formation  of  fibrillar  connective  tissue  from  eudothelium  the 
endothelial  cells  of  thin-walled  blood-vessels  increase  in  size,  stretch 
slender  bud-like  extensions  into  the  adjacent  tissue,  where,  after  mitotic 
division,  they  assume  a  rflle  altogether  identical  with  that  of  the  ordinary 
connective -tissue  cell. 

The  formation  of  new  connective-tissue  cells  may  be  large  or  it  may 
be  limited  to  the  pi-oduetion  of  a  single  pair  of  cells;  the  stroma  may  be 
scanty  or  abundant,  loose  or  dense ;  the  process  is  essentially  the  same, 
namely,  the  division  of  cells  by  mitosis,  and  the  formation  by  them,  or 
under  their  influence,  of  more  or  less  fibrillar  stroma.  This  process,  it 
will  be  seen,  is  practically  identical  with  the  formation  of  fibrous  tissue 
in  the  embrjo,  • 

But  here,  as  elsewhere,  the  character  and  extent  of  new  tissue  pro- 
duction are  largely  influenced  by  the  environment,  and  particularly  by 
the  nutritive  supply,  so  that  the  formation  of  new  connective  tissue  in 
any  considerable  amount  is  closely  linked  to  the  development  of  blood- 
vessels. 

The  Formation  of  BUod-Veuels. — The  formation  of  blood-vessels  in 
post-embryonic  life  is  believed  always  to  start  in  a  budding  or  sprouting 
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of  the  endothelial  cells  of  pre-existing  capillaries.  The  sprouts,  directed 
outward  from  the  eudothelia  of  the  capillaries,  consist  at  first  of  slender, 
conical,  or  filiform  projections  of  c^-toplasmic  substance  (Fig.  .?a).  Now 
the  cytoplasm  of  the  cell  from  which  the  sprout  springs  may  increase  in 
amount  and  its  nuclei  divide  by  mitosis,  so  that  the  base  of  the  sprout 
may  consist  of  a  raultinuclear  mass  of  cytoplasm  or  of  a  cluster  of  new- 
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formed  cells.  The  spronts  may  exteud  for  a  loug  distaoce  into  the  sar- 
roundiug  region,  whether  this  be  already  oi^uized  tissue  in  which  the 
vessels  are  increasiug  in  Duuil>er  or  unorganized  lifeless  material  like  blood 
clot,  which  is  to  be  replaced  by  new  living  structures.  If  a  similar  proc- 
ess be  ill  prepress  in  neighboring  vessels,  tiie  sprouts  may  unite  at  their 
extremities,  forming  a  slender  solid  protoplasmic  bridge  from  vessel  to 
vessel.  The  sprouts  now  become  thickened  and  gradually  channelled 
out  at  the  base  by  pressure  of  the  blood  in  the  vessel  from  which  tUey- 
spring.  The  blood  enters  these  lengthening  channels,  forcing  its  way 
along  them,  forming  a  lumen  as  it  goes.  Simultaneously  with  this  ad- 
vance of  the  lumen,  new  nuclei  are  formed  by  division  of  the  old  along 
the  sides  of  the  vessel,  and  the  new  structure  gradually  assumes  a  dis- 
tinctly cellular  aud  vascular  character.  At  length  the  channel  is  com- 
plete ;  the  new  vessels  have  well-defined  endothelial  walls  and  eonnee- 
tive-tissue  cells  from  without,  or  new  connective- tissue  cells  which  have 
been  formed  about  the  nuclei  of  the  protoplasmic  sprout,  range  them- 
selves outside  along  the  walls.  So  the  new  vessel  takes  its  place  in  the 
vascular  system  of  the  part.  Thus,  in  a  short  time,  many  new  blood- 
vessels may  form,  furnishing  nutritive  centres  about  which  the  organiza- 
tion of  tissue  proceeds. 

Jn  the  new  formation  of  arteries  it  is  believed  that  the  smooth-muscle 
tissue  is  formed  by  a  growth  along  the  developing  vessel  from  a  pi'e- 
existing  artery. 

B^eneration  of  Cartilage  and  Bone. — New  cartilage  may  form  by  the 
proliferation  either  of  connective -tissue  or,  to  a  slight  extent,  of  carti- 
lage cells  and  the  formation  abont  the  new  cells  of  the  chai-act eristic 
basement  substance. 

The  new  formation  of  bone  under  pathological  conditions  takes  place 
by  the  development,  first,  of  fibrillar  connective  tissue  or  of  hyaline  car- 
tilage. These  tissues,  especially  through  the  influence  of  periosteal  cells, 
UDdet^o  by  metaplasia  a  gradual  conversion  into  characteristic  bone 
tissue.  This  mode  of  bone  formation  is  essentially  similar  to  that  in  em- 
bryonic development.     See  Pig.  479,  p.  727. 

Begeneration  of  Fat  Tiuue. — Fat  tissue  may  be  formed  by  the  accu- 
mulation of  fat  droplets  in  the  cells  of  various  types  of  connective  tissue, 
particularly  intheyoung  or  embryonic  forms;  but  adult  connective  tis.sue 
may  change  directly  into  fat  tissue.  The  lepair  of  fat  tissue  takes  place 
by  the  formation  of  young  fibrous  tissue,  whose  cells  and  stroma  gradu- 
ally assume  the  type  of  fat  tissue.  New  fat  tissue  which  i-eplaces  atro- 
phied organs  or  parts  of  organs,  such  as  kidney,  heart,  lymph  nodes,  etc. , 
is  formed  iu  the  same  way. 

Begeneration  of  Blood. — The  formation  of  latcoci/les  appears  to  occur 
chiefly  in  the  masses  of  lymphoid  tissue  which  ai-e  so  widely  scattered  in 
the  body  in  the  lymph  nodes,  in  the  spleen,  and  in  the  bone  marrow. 
Both  mitotic  and  amitotic  cell  division  are  to  be  observed  in  the  new 
formation  of  leucocytes,  but  the  exact  relationship  between  the  new  cells 
produced  in  these  two  ways,  aud  their  respective  destinies,  is  not  yet 
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^ery  clear.  Begeueratiou  of  red  blood  cells  seems  to  occur  iu  the  bone 
marrow  through  mitotic  division  of  uucleated  forms.  The  latter  may, 
under  pathological  coiiditious,  appear  in  the  veidselB  iu  varying  numbers 
(see  Part  III.,  Chapter  I.). 

TrouBplantation  of  Tiuue. — Transplantation  of  tissue  may  be  success- 
fully made  from  one  pait  of  the  indi\'idual  to  another  or  from  auothei* 
individual  of  the  same  species.  The  epithelium  of  the  skin  aud  the  vari- 
ous forms  of  connective  tissue  are  moHt  readily  transplanted  and  produce 
new  tissue  of  similar  type.  The  transplantation  of  gland  tissue  is  less 
successful,  certain  glands,  such  as  the  mammary  gland  aud  thyroid,  sliow- 
ing  some  new  glaud-tissue  formatiou ;  while  on  the  other  hand,  kidjey, 
licer,  and  testicle  do  not  proliferate  in  the  new  situation,  but  undei^ 
speedy  degeneration  and  absorption,  Neiertheless,  with  the  exception 
of  the  skin  epithelium  the  life  of  the  transplanted  tissue  is  usually  short 
and  it  degenerates  and  is  absorbed,  being  replaced  by  adjacent  tissues.' 

THB  IMPULSE  TO  CELL  BEOEITEBATION. 

While  we  can  thus  summarize  the  diflfering  capacities  of  the  body 
cells  for  regeneration,  while  we  know  many  of  the  general  conditions 
under  which  the  impulse  to  cell  proliferation  and  growth  is  manifested, 
while,  further,  we  have  learned  something  of  the  delicate  mechanim 
through  which  division  is  controlled  and  effected,  at  the  end  we  must 
acknowledge  that  we  do  not  know  why  cells  divide.  We  may  say  that 
it  is  due  to  a  chemical  or  a  mechanical  stimulus,  and  it  certainly  may  be 
associated  with  both,  or  that  increased  nutrition  favors  while  iunutrition 
rctiirds  cell  multiplication;  we  may  cite  direct  or  remote  injury,  or  talk 
of  the  inhibition  of  oi^i^inic  control,  disturbed  tissue  equilibrium,  dimin- 
ished pressure,  etc.,  but  when  all  is  said  we  are  forced  to  recui-  to  some 
unknown  factor  in  the  inherited  constitntiou  of  the  cell  which  determines 
the  measure  aud  character  of  its  response  to  the  most  varied  influences.* 

'  For  a  fuller  resume  of  lliis  subject,  with  bibliograpliy,  consult  Ziegler't  "  General 
Patliology,"  Warthin'H  translation,  1808. 

'  Consult  in  this  connecHi)n,  tor  bibliography  on  the  formative  stimulus,  references 
on  the  Origin  of  Tumors,  p.  301. 

See  also,  for  Bummary  of  a  new  phase  of  research  and  interpretation  in  the  nature 
of  the  "formative  stimulus"  involved  In  artitlcially  induced  cell  division  and  artilicial 
partlienogeneds,  Loeb,  Am.  Jour.  Phys.,  vol.  iv.,  p.  438,  1901.  and  for  a  review  of 
recent  advances  in  the  knowledge  of  the  cell,  Wilxon,  "Some  Aspects  of  Biological  Re- 
search." Tbe  International  Monthly,  July.  1900.  For  general  bibhography  of  regen- 
eration, compensatory  bvpertrophy,  etc..  sec  A^ckoff,  Lubarsch  and  Ustertag's  Ergeb- 
niase,  Jahrg.  v.  for  1898,  p.  23. 
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CHAPTEK  IV. 

nrFLAMMATION. 
General  ConBideratioiiB. 

The  conception  of  inflammation  vas  originally  a  clinical  one  in  vhicti 
the  process  was  marked  by  symptoms — I'edness,  heat,  swelling,  pain,  and 
impaired  function.  Tills  conception  was  gradually  enlarged  to  eiubraee 
the  new  formation  of  tissue  which  might  l>e  associated  with  or  follow 
the«te  symptoms,  or  which  might  be  independent  of  them.  After  the 
kuowledge  of  the  importance  of  the  cell  became  general  it  was  upon  the 
formation  and  accumulation  of  cells  and  other  substances  that  atteutiou 
was  especially  fixed.  Finally,  the  processes  and  structural  alteratious 
embraced  in  the  couceptiou  of  infiammatioii  became  so  varied  and  com- 
plex that  a  definition  or  even  a  characterization  seemed  not  only  difficnlt, 
but  wellnigh  impossible. 

It  is  only  within  the  past  decade  or  two  that  the  processes  and  lesions 
iovolved  iu  inflammation  have  been  seriously  considered  in  the  light  of 
comparative  pathology  and  as  biolt^ical  problems  divorced  for  purposes 
of  research  from  the  dominance  of  traditional  clinical  conceptions.  In 
view  of  our  increased  knowledge  of  the  sti-ucture  of  cells,  and  of  the  im- 
ptilses  immediate  and  hereditary  which  determine  their  performances,  it 
seems  possible  now  to  resolve  the  complex  processes  and  lesions  embraced 
ill  the  general  notions  of  inflammatiou  into  more  simple  factors,  and  to 
arrive,  if  not  at  an  exact  definition,  at  least  at  a  reasonable  conception  of 
the  relationship  of  its  phenomena  to  each  other,  to  those  of  nonnal  physi- 
ol(^y,  and  to  other  phases  of  disease. 

With  this  end  in  view  it  seems  wise  at  first  to  rehearse  as  simply  and 
briefly  as  is  practicable  some  of  the  more  typical  of  the  phenomena  and 
lesions  which  are  commonly  grouped  under  the  term  inflammation. 

While  the  death  of  tissue  from  trauma  and  degenerative  alterations 
in  the  tissues  in  the  presence  of  various  form  of  poi.sons  are  often  impor- 
tant factors  in  the  iuflammatorj-  processes,  we  shall  uot  consider  them 
separately  here,  because  they  are  incideutal  rather  than  inherent  and 
have  already  been  treated  in  the  section  on  degenerations  and  necrosis. 
But  it  should  be  noted  that  various  phases  of  albuminous  d^eneration, 
local  or  general,  which  are  induced  by  the  poisons  of  the  pathogenic 
bacteria,  are  very  often  associated  with  inflammation,  and  not  infrequently 
modify,  or  may  even  determine,  its  occurrence. 

A  comprehensive  survey  of  the  conditions  under  which  inflammation, 
most  frequently  takes  place  shows  at  once  that  it  is  almost  always  asso- 
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ciated  with  some  form  of  injur)'.  This  may  be  direct  tratuua,  or  exces 
sive  heat  or  cold.  It  iiiay  be  poisons  of  various  kinds — from  the  cruder 
inorganic  poisons  inducing  immediate  and  gross  tissue  destruction  to  the 
subtle  toxic  substances  which  result  from  the  metabolism  of  micro-oi^an- 
isms  or  from  the  aberrant  metabolism  or  degeneration  of  the  body  veils 
themselves. 

Let  us  now  look  at  some  of  the  ways  in  which  the  living  body  re- 
sponds to  injury,  and  first  at  an  injury  which  is  very  slight  and  simple. 

Types  of  the  Inflammatory  Beactiou  of  the  Body  to  Injury. 

Iiijniy  to  Non-VascnUr  Tinne. — If  a  small  clean  cut  be  made  in  liv- 
ing fibrillar  connective  tissue,  not  involving  blood-vessels  and  affectiug 
only  the  cells  and  fibres  in  the  vicinity  of  the  incision,  and  if  the  sides 
of  the  wound  be  immediately  placed  and  held  together,  the  resulting 
changes  which  lead  to  the  complete  restitution  of  the  part  are  compar- 
atively simx>le.  .A.  small  quantity  of  fluid  which  oozes  from  the  tissue 
spaces  sticks  the  sides  of  the  cut  together.  Such  connective-tissue  cells 
as  have  t>een  seriously  injured,  especially  if  the  nuclei  have  suffered,  die 
and  disintegi-ate.  But  cells  whose  nuclei  have  remained  intact,  whether 
directly  upon  the  incision  or  in  it.'^  immediate  vicinity,  become  lai^r  and 
more  grauular,  niay  divide  by  mitosis,  extend  their  bodies  or  processes 
across  the  plane  of  incision,  bridging  this  at  intervals  with  living  pi-oto- 
plasm.  Under  the  iuflueuce  of  these  cells,  new  intercellular  fibres  are 
formed,  which  iu  a  short  time  bind  the  sides  of  the  wound  firmly  together. 
Thus  with  but  the  slightest  amount  of  tissue  destruction,  and  with  no  in- 
volvement of  the  blood-vessels,  a  simple  mechanical  injury  may  be  nmde 
goo<i.  This  form  of  reaction  to  injurj-  of  living  tissue  is  known  to  the 
surgeons  as  heuJing  by  find  intention.  The  mode  of  healing  does  not  essen- 
tially difl'er  if  there  be  a  slight  injury  to  the  blood  vessels. 

Lijary  to  Tasoular  Tissue. — Let  us  now  look  at  the  effect  on  a  vascular 
tissue  of  an  injury  not  immediately  destructive.  For  this  purpose  the 
mesentery  or  the  bladder  of  a  cunirized  fn)g,  drawn  out  upon  a  suitable 
l»late  upon  the  stage  of  the  microscope  and  kept  moist  by  irrigation  with 
three-fourths-irer-ceiit  ssilt  solution,  affords  a  succession  of  most  instruc- 
tive pictures.  The  mechanical  disturlmnce  of  the  organs  exposed,  desic- 
cation, and  a  variety  of  other  physioil  and  chemical  vicissitudes  to 
which  they  are  subjected  are  sufficiently  damaging  to  incite  a  complex 
train  of  respoascs  on  the  part  of  the  living  tissues. 

In  studying  the  circulation  of  the  blood  in  smalt  vessels  under  the 
microscope  it  should  be  lemembered  that,  while  the  walls  of  these  vcs- 
sels  are  made  up  of  living  tissue  and  are  capable  of  responses  by  move- 
ment or  by  structunil  change  to  external  agencies,  whether  applied  direct- 
ly or  through  the  nerves,  they  are  also  elastic  pipes  through  which  fluid 
flows,  and  that  both  pii>es  and  fluid  are  subject  to  the  laws  of  mechanics. 
These  mechanical  laws  are  often  modified  in  expre-ssion,  it  is  true,  by  the 
subtle  energies  which  living  tissues  wield,  but,  as  Thonia  more  than  any 
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other  has  shown,  they  are  not  to  be  ignored  by  the  serious  student  of  the 
living  body,  either  in  health  or  disease. 

In  the  bladder  or  mesentery  of  the  frog  the  arteries  and  veins  vith 
their  coanectiug  system  of  capillaries  are  clearly  seen.  When  the  cur- 
rent is  rapid  the  cells  of  the  blood  in  the  arteries  and  veins  are  gathered 
into  a  red  axial  mass  in  which  the  separate  cells  may  not  be  distinguish- 
able, owing  to  their  crowding  and  the  rapid  flow.  Outside  of  this,  against 
the  walls,  is  a  clear  marginal  zone  iu  which  a  leucocyte  is  occasionally 
visible.  If  for  any  reason  the  rate  of  flow  be  considerably  diminished, 
the  leucocytes,  which  are  specifically  lighter  than  the  red  cells,  gather  in 
the  mai^nal  zone.  If  the  current  become  very  slow  or  be  arrested,  the 
mai^nal  zone  disappears  and  the  red  aud  white  cells  intermingle.' 

Soon  after  the  exposure  of  the  bladder  or  meseuterj'  the  arteries, 
veins,  aud  capillaries  dilate,  and  the  blood,  encountering  less  resistance 
from  the  walls,  flows  more  rapidly  through  them.  This  increased  rapid- 
ity of  the  blood  current  does  not,  however,  laKt  long,  although  the  vessel 
still  remains  dilated.  After  a  variable  period,  owing,  it  is  believed,  to 
changes  in  the  endothelia  of  the  vessels,  the  blood  meets  with  so  much 
resistance  that  it  flows  more  slowly  than  under  normal  conditions.  Tem- 
porarj'  or  even  permanent  stasis  may  occur  in  some  of  the  vessels,  but 
this  is  not  a  constant  nor  a  characteristic  occurrence.  White  blood  cells 
— leucocytes — now  begin  to  accumulate  along  the  inner  walls  of  the  veins 
and  to  become  fixed  there,  so  that  after  a  time  the  whole  inner  surface  of 
the  veins  may  be  more  or  less  thickly  sprinkled,  and  even  closely  crowded, 
with  adherent  leucocytes.  These  may  either  lie  firmly  agaitist  the  endo- 
thelium or  be  dragged  slowly  along  by  the  current  of  blood  sweeping 
past  them.  Some  are  dr^ged  by  the  blood  current  into  pjTiform 
8hai)es,  showing  that  they  are  adherent  at  a  small  point  only,  and  thus 
tbey  may  be  detached  from  the  wall  and  rejoin  the  circulating  blood. 
They  may  by  amteboid  movement  crawl  slowly  along  the  interior  of  the 
wall,  even  i^aiust  the  current.  In  the  capillaries,  also,  a  similar  com- 
portment of  the  leucocytes  may  be  seen. 

After  a  time,  which  varies  considerably — in  the  bladder  sometimes 
within  an  hour  after  its  exposure;  in  the  mesentery  usually  later — some 
of  the  leucocytes  commence  to  make  their  way  slowly  through  the  walls 
of  the  veins  aud  capillaries.  At  first  a  little  shining  knob  api>ear8  on 
the  outside  of  the  wall  opposite  to  the  cell  which  is  sticking  within,  and 
this  outer  portion  gi-ows  latter  as  the  part  still  within  grows  smaller, 
until  at  leugth  the  entire  cell  is  outside  of  the  vessel.  The  cell  now  may 
immetliately  detach  itself  and  wander  off  in  the  tissue  spa<>es,  or  it  may 
remain  for  some  time  attached  to  the  outside  of  the  wall  (Fig.  36).  This 
paf^age  of  the  leucocytes  through  the  walls  of  the  capillaries  and  ^'eins — 
it  does  not  occur  in  the  arteries — is  called  emigration.     The  emigrating 

'  This  distribution  of  the  blood  i%  almost,  if  Dot  wholly  mechanical,  and  may  l)e 
simulated  in  glass  tubes  with  a  fluid  in  whicii  lifeless  particles  of  <lifferent  specific 
icravities  are  suspended.  Tbe  particles  of  the  leaser  specific  gravity  assume,  wiien  tlie 
tlow  is  establislied.  tlie  periplieral  portion  of  the  stream. 
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cells  are  lai^Iy  the  polynnclear  leacocjies,  but  monoDiiclear  Toniis  and 
eosinophiles  may  also  pass  out  of  the  vessels. 

The  cells  paas  betveen  the  eodothelia  through  the  cement  substance, 
which  apparently  is  in  some  way  chauged  in  the  inflammatory  process. 


I  Blood-Vbseu  0 


They  may  pass  through  very  rapidly,  but  usually  their  progress  is  slow 
aud  often  interrupted,  so  that  cells  may  be  seen  motionless  for  a  long 


a  the  vklntiyof  u 


time  in  various  stages  of  progress  through  the  walls.  A  half  minute,  or 
even  less,  may  suffice  for  their  passage,  or  they  may  be  hours  about  it 
Thus,  after  a  variable  time,  if  the  conditions  have  been  favorable,  the 
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tissues  immediately  around  the  capillaries  and  veins,  and  even  tliose 
somewliat  remote  from  them,  may  be  more  or  less  densely  crowded  with 
lencocytes,  some  motionless  and  in  the  spheroidal  form,  others  moviug 
atHtnt  through  the  tissue  spaces  (Fig.  37).  Leucocytes  may  pass  out  of 
the  tissues  on  to  free  surfaces  of  the  inflamed  part,  or  they  may  wander 
into  the  lymph-vessels  and  so  re-enter  the  circulation. 

It  is  probable  that  the  emigration  of  the  leucocytes  is  due  in  part  to 
a  sort  of  filtration  process  with  which  the  pressure  of  the  blood  within 
the  vessels  is  concerned,  and  also  to  capillary  attraction  at  the  i>oint  of 
emergence.  But  the  inherent  contractility  of  the  cells  themselvesforms, 
doubtless,  a  very  important  factor.  That  in  moat  cases  chemotaxiA  plaj'S 
a  significant  part  in  directing  the  course  of  the  leucocytes  seems  to  be 
well  established,  and  it  is  largely  to  this  that  the  gathering  of  leucocytes 
is  due  in  the  vicinity  of  the  deleterious  agents  which  incite  inflammation. 
In  regard  to  chemotaxis  it  should  be  said  in  brief  that  the  direction  of 
locomotion  in  protoplasm  may  be  determined  by  chemical  substances  in 
the  vicinity.  This  is  the  case  not  only  in  the  lower  forms  of  life,  as  in 
certain  bacteria  and  protozoa,  but  also  in  such  cells  of  higher  organism 
as  have  retained  a  certain  independence  of  locomotion,  for  example,  in 
the  leucocytes  and  certain  cells  of  the  connective  tissue.  To  this  form  of 
response  to  external  agencies  the  name  chemotaxis  has  been  applied.  In 
some  cases  the  effect  of  chemical  agents  in  the  environment  is  not  to  at- 
tract, but  to  repel  protoplasm.  This  has  been  called  negative  chemotaxis. 
Chemotaxis  and  certain  allied  responses  to  outside  influences  have  been 
found  to  play  an  important  role  in  health  as  well  as  in  some  forms  of 
disease,  and  have  been  the  subject  of  much  careful  study.' 

If  we  return  now  to  our  observation  of  the  living  mesentery  it  will  be 
found  that  while  emigration  of  leucocytes  is  going  on  the  red  blood  cells, 
although  for  the  most  part  carried  along  as  usual  in  the  current  of  the 
veins  and  through  the  capillaries,  still  often  find  their  way  in  small,  and 
sometimes  in  very  lai^e,  numbers  into  the  surrounding  tissues.  They  are, 
it  is  believed,  carried  passively  through  the  cement  substance  between 
the  endothelia  by  minute  streams  of  fluid  which  under  these  conditions 
are  flowing  in  abnormal  quantities  through  the  walls.  This  extravasa- 
tion of  the  red  blood  cells  is  called  diapedesia.  It  appears  to  follow  the 
emigration  of  the  leucocytes,  which  seems  in  some  fashion  to  prepare  the 
way  for  the  more  mechanical  exit  of  the  red  cells. 

By  this  time  it  will  be  usually  found  that  the  tissue  around  the  ves- 
sels is  somewhat  swollen  and  more  succulent  than  normal,  and  fluid  may 
be  poured  out  on  the  free  surface.  The  fluid  which  thus  gathers  is  called 
serum.  It  is  similar  to  the  simple  non-inflammator>-  transudates,  except 
that  it  is  richer  in  proteids  and  is  mixed  with  cells.  This  serum  has 
passed  out  of  the  blood-vessels  along  with  the  blood  cells,  and,  as  its 
composition  differs  somewhat  from  that  of  blood  plasma,  it  is  evident 

'  For  a.  fuller  consideration  of  chemotaxis,  with  bibliography,  consult  DnrenjiorC, 
"Experimental  Morphology,"  Part  I,,  p,  83,  elgeq.  For  the  forms  of  leucncytes  which 
emirate  under  various  condttioiis  see  Adter,  A.  Jacobi's  FestsoJirift,  1900,  p.  B09. 
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that  it  has  andei^ODe  a  change  as  it  passed.  The  vray  in  which  this 
alteratioD  is  the  composition  of  the  blood  plasma  occurs  as  it  passes 
through  the  walls  of  tbe  vessels  and  becomes  the  serum  of  exudation,  ve 
do  uot  understand.  But  it  is  probably  doe 
to  metabolic  processes  Id  the  endothelial 
cells  by  which  what  has  been  called  a  "se- 
lective filtration  "  is  secured. 

The  fluid  exudate  contaius  fibrint^enons 
Bat>stance,  and  from  this,  when  the  condi- 
tions  are   favorable,  fibrin  may  be  formed 
(Fig,  38)  by  a  change  similar  to  that  which 
occurs  in  the  coagulation  of  the  blood.     The 
F.G.  88.-y.Bi.m^  m^iNi-LAMMATORT  ley^^y^^    ^tich  wander   into    the    tissue 
spaces  outside   the  vessels  may  encounter 
conditions  inimical  to  life,  from  innutrition  or  from  the  presence  of  dele- 
terious snbstances,  and  thus  these  and  other  cells  furnish  as  they  die  and 
disint^rate  the   fibrin   ferment  essential  to  coagulation.     Clusters   of 
fibrin  fibrils  may  thus  often  be  seen  surrounding  dead  and  disint^rat- 
ing  cells  (see  Pig.  39).' 

If  at  this  time  the  exposed  bladder  or  mesentery  of  the  fn^  be  re- 
stored to  the  abdominal  cavity  and  the  animal  placed  under  favorable 
conditions,  the  reaction  of  the  vessels  and  cells  to  the  unusual  environ- 
ment may,  if  the  injury  have  not  been  too  severe,  gradually  subside. 
The  circulation  is  then  re-established,  the  serum  is  absorbed,  the  leuco- 
cytes which  have  not  come  out  upon  the  surface  or  died  in  the  tissue 


spaces  may  re-enter  the  lymphatics.  Fibrin,  if  this  have  been  formed, 
and  i-ed  blood  cells  which  have  escaped  from  the  circulation  are  dis- 
posed of  by  simple  decomposition,  or  under  the  influence  of  ferments 

'  For  a  (liscu3.«ion  of  the  n'latioDship  of  flbrtn  fonnation  to  cells  which  nay  furniBh 
a  auhstance  inducing  cmgiilation  spy  I/imger,  Vircb.  Arch.,  Bd.  cliv.,  p,  836,  1888;  also 
Ariwkl,  Cbl,  f.  I'utii..  Bd.  x.,  p-  313.  1899. 
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which  lencocytes  furuish  (aee  p.  116),  or  may  be  carried  oflf  by  the  wan- 
dering leucocytes ;  or,  as  is  not  infrequently  the  case,  the  decomposed 
blood  pigment  may  remain  for  some  time,  in  sUu,  as  the  only  mark  of 
an  earlier  active  inflammatory 
pi-ocess. 

Thus  iu  the  living  animal ' 
we  can  learu  by  direct  obser- 
vation the  way  in  which  sernni, 
fibrin,  and  red  and  white  blood 
cells  get  into  the  tissues  and 
upon  free  surfaces  in  certain 
forms  of  injury  involving  the 
blood-vessels.  These  materials 
gathering  in  or  upon  the  tis- 
sues under  these  conditions  are 
called  exudates,  and  this  jihase 
of  inflammation  is  commonly 
called  ex^udative  inflammation. 
fhj.  ti>.-BAt.TKR]*L  embohs  IS  TiLK  LiTKR.  Let   US    HOW    look    at    the 

Tbe  bwvrtB  have  Brown  In  a  man  uitbln  llie  Bmatl       effect    UpOH    a   living   VaSCUlaT 

S^™"'"  ■^'""«' -^"""'^ '"""'" 'P'^'-"-     tissues  Of    injury   inflicted  iu 
a  different  way. 
Injury  irom  HicriKti^BJuamB. — Suppose  ve  inject  into  the  ear  vein  of  a 
rsibbit  a  small  amount  of  a  ))ure  culture  of  a  well-known  and  very  com- 
mon  nicro  -  organism,  Strepto- 
coccus pyogenes.    Little  masses 
of  the  living  germ  will  enter 
the    heart  and   be  driven  out 
ag;ain  through  the  arteries  iu 
whose   smaller  twiglets  or   iu 
the   ca])t11aries   some  of  them 
will  lo«ige.     Here  in  the  living 
tissues   the   bacteria  may  find 
good   nutrient   conditions  and 
begin  to  proliferate,  increasing 
so  rapidly  in  number  that  they 
may    distend     the    vessels    in 
which  they  lie.    If  after  twenty- 
four  horn's  the  animal  be  killed, 

and  one  examine  the  organs  in     ^"'-  *'-bait«ri,l  |^^o^u«  ''^  "k  uvkr  wm. 
which  the  bacterial  emboli  have       .....     ^  

,      ,  The  hacierlH  arp  alEII  lar(n?ly  ranflned  to  the  vensel  but 

canght  and  grown — in  the  liver,        a  tpv,-  an>  ouwuip.    There  is  a  mne  iif  nwmlli-  liver  i-elb 

for    example — he    finds  small     "**""  ""' ""'"""'  ■""** "'  '^^'■ 
blood-vessels  here  and  there  distended  with  bacteria.     But  the  paren- 
chyma and  interstitial  tissue  abont  them  appear  to  be  intact  (Fig.  40). 

'  Ttibma  lias  shown  by  simiUir  atudiea  on  warm-l)looil(xl  aaimals  tliat  tltv  i-eactioii 
to  injury  is  in  tliem  esaenllally  aimilar  to  that  in  tlie  frog. 
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If,  liowmtT,  llie  aiiinial  be  allowed  to  live  longer — say  two  or  tlii'ee  days 
— before  tlie  exaiiiiuatiOD,  the  coiiditiou  of  the  tissue  about  the  growing 
bacterial  mass  iu  the  typical  coui-se  of  events  shows  marked  and  signifi- 
cant alteration.  Immediately  arodud  the  bacteria  the  nuclei  fail  to  take 
the  nuclear  stains  (Fig.  41);  the  cytoplasm  is  unusually  granular  or 
fallen  into  fragments.  These  are  the  marks  of  cell  death,  and  from  the 
situation  of  this  ai-esv  of  dead  tissue  about  the  colony  of  growing  bacteria 
we  may  infer — and  the  inference  is  confirmed  by  a  host  of  tests  and  ob- 
ser\-ations — that,  iu  growing,  the  bacteria  have  set  free  iu  the  tissue  alwut 


Ptci.  is — NEcnoais  and  sippctuTioN  in  the  Liver  froh  Bacteriil  IsrEcrioN— ExmATivK  and 


them  some  chemical  substance  whose  presence  is  incompatible  with  the 
continuance  of  the  life  processes  in  the  liver  cells,  which  in  fact  has  killed 
them. 

But  very  soon  the  tissues  near  by  show  a  different  sort  of  reaction  to 
this  active  poison  set  free  upon  the  spot.  Leucxicytes  gather  on  the  bor- 
ders of  the  necrotic  ai-ea  and  may  form  a  dense  ensdieatbing  mass  about  it 
(Fig.  42).  If  ^e  look  for  the  origin  of  these,  we  find  that  close  outside 
the  area  of  dead  tissue  and  amoup  the  gathered  leucocjtes  the  smaller 
blood-vessels  are  dilated,  overfilled  with  blood,  and  such  marks  of  the 
emigration  of  leucocytes  aw  a  tissue  removed  from  the  animal  and  pre- 
pared for  examination  may  show  are  unmistakable.     Not  infreiiuently 
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extrava8at«d  red  blood  cells  and  fibriu  and  a  distention  of  the  tissue 
spaces  with  fluid  still  further  characterize  the  process  as  exudative  in- 
flammatioD. 

It  was  obsen-ed  in  the  exposed  mesentery  or  hliidder  of  the  fi-t^  thai 
the  leucocytes  otice  outside  the  vessels,  wandered  oflf  in  various  direc- 
tions in  the  tissues,  some  to  the  surface,  some  to  the  lymph- vessels,  and 
some  far  from  the  veins  or  capillaries  from  which  they  emei^ed.  Not  so 
here.  The  extravascuiar  leucocytes  gather  close  in  the  border  zone -of 
the  necrotic  area  or  enter  it.  And  we  may  usually  see  in  the  outer  parts 
of  such  an  area  of  dead  tissue  scattered  leucocytes  which  are  themselves 
undergoing  changes  indicating  the  death  of  the  cell.  The  changes  which 
have  just  been  described  as  the  result  of  experiment  in  the  animal  are 
practically  identical  with  those  occurring  in'man  as  the  result  of  acci- 
dental inoculation. 

If  the  process  continue,  one  may  find  on  later  examination  that  the 
dead-tissue  mass  has  softened,  the  bacteria  are  scattered,  and  the  whole 
central  portion  may  be  occupie<l  by  a  grayish  or  yellowish  gnimous  or 
fluid  mass  of  dead  cells,  cell  detritus,  albmniuous  and  fatty  granules, 
bacteria  and  leucocytes  in  various  stsiges  of  necrosis  and  disintegration. 

Such  a  localized  result  of  exudative  intlammation  with  death  and  dis- 
integration of  tissue  is  called  an  abscess ;  the  material  which  it  contains 
18  called  pus. ' 

The  changes  by  which,  if  the  animal  survive  the  formation  of  abscess, 
the  active  processes  are  brought  to  a  standstill  and  repair  is  effected,  we 
need  not  now  follow.  But  it  conceraa  us  here  to  appreciate  that  this  is 
a  type  of  one  of  the  most  important  phases  of  the  inflammatory  pi-ocess; 
a  phase  iu  which  a  poison  produced  in  the  body  by  the  metabolism  of 
micro- organisms  incites  a  complex  train  of  active  and  passive  tissue 
ehangee. 

In  our  study  of  illustrative  phases  of  inflammation  we  now  turn  to 
the  processes  by  which  repair  of  injured  tissues,  after  more  or  less  in- 
volvement in  the  inflammatoiy  phenomena,  are  brought  about. 

B«iolution  in  TngaTnmation^Phagocytea. — In  many  cases  of  exudative 
inflammation,  after  the  subsidence  of  the  active  changes  in  the  blood- 
vessels, the  exudates  are  entirely  absorbed,  and  the  tissue  returns  to  its 
□orraal  condition ;  this  is  called  resolution.  Under  certain  conditions,  on 
the  other  hand — for  example,  in  the  case  of  a  wouud  with  loss  of  sub- 
stance, or  in  an  acute  exudative  inflammation  of  a  serous  membrane 
in  which  the  surface  is  deprived  of  its  normal  mesothelial '  covering,  or 
in  the  healing  of  an  abscess — new  tissues  may  be  produced  through  the 
agency  of  old  cells  or  of  new  cells  formed  in  the  inflammatory  process. 

'  For  a  more  detailed  coDsidcrution  of  suppumtluD  and  the  cbamcl«rs  of  pus  seo  p. 

'  The  iiiorpbolo^icnl  resemblance  of  the  flat  wlis  covering  tlie  surfaces  of  the  great 
serous  cavities— pen loneal,  pleural,  and  pericardial — to  the  endothelium  of  tile  lilood 
and  lymph -v(.s8cls  lias  led  to  their  being  also  calltil  endothelium.  But  their  genesis  as 
well  as  certain  pbysiological  capacities  which  they  still  retain,  render  more  fliting  the 
name  atemthdinm.     See  referenee  to  Miivt  in  footiiote  ou  p.  825. 
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Before  consideriug  the  way  in  which  repair  of  a  wonnd  is  effected,  we 
shall  look  at  an  iniportaut  class  of  cells  in  the  body  by  which  foreign  and 
^.^.  waste  substances  are  disposed  of, 

^^ffl|  Phagocytes. — The  disposal  of  small  foreign 

fl^^P^  particles  which  in  one  way  or  another  get  iuto 

^  the  body  and  the  removal  of  dead  and  useless 

l^nk    ^    SgS\^        tragnieuts  of  tissue  which  may  be  preseut  as  the 
^^y  ''•€^^^        result   of   injury  or  disease,   are  eared  for  by 
"^  lai-ger  and  smaller  cells,  called  phagocytes.     To 

a  (ertAiu  e'^tent  the  same  occurs  in  the  wear  and 
teai  of  normal  life.  The  cells  having  this  mat- 
ter in  charge  are  largely  leucocytes  (Pig.  43), 
and  all  ire  apparently  mesodermal,  lowly  or- 
ganized cells.  Some  of  them  are  laige  cells  and  may  t>e  multiunclear — 
the  so-called  "giant  cells'"  (Fig.  44).  Endothelial  cells  may  also  play 
aii  imjiortant  rOle  as  jihagocytes. 

The  disposal  of  dead  or  foreign  material  is  in  part  accomplished  by  its 
being  taken  iuto  the  bodies 

of  the  phagocytes.  These  .  „,^e»  -'*■*'.  'A^,  "="  '«  n; 
may  either  retain  it  more  ^:_2:^"«s^^/ »*A  *•  ,  .•'^-.  & 
or  le?ifi  pennauently,  or  may       "'^■^  **»ii_^™     t&         "■     > 

absorb  it  in  virtue  of  their       ^,ai, 

metabolic  powers,  or,  in  the        '-^Jn.^  ^ 

case  of  leucocytes,  may  carry       '^  fS^j  % 

it  off  to  some  region  of  de-       ~  '■-'^  ] 

posit  by  the  exeirise  of  their      _  .^r;^  < 

amoeboid  capiu-ities.    Ou  the         ^^  . 

other  haitd,   the  leucocytes,       &  .^  i  jv', 

and  iHwsibly  other  mesoder-  0^'  if 

mal   cells,   may  either  with  i;'^-     ■      ,      ,.—.,-      ■ .,  -,  .■,'vii''f 

or     without     disintegration  -^^"^i^^^l^l'"':  '  ^— .i-1''  -— iii^ 

de\«lop    ferment-like    sub- 
stances' which  render  pro- 
teid  materials  soluble;  thus 
dead  or  nN..lcss  tissue  fi-.ig-      [^"^  J;^,;;^"""'  »  °"«"*  '^<' '"™'»  u»we  wnw.  i. 
nieiits  may  1m*  dissolved  and 

carried  »tf  in  the  tis.sue  tiuida  (Fig.  45).  This  phagocytic  and  lytic 
action  of  mesodermal  cells  is  t>olieved  to  have  an  important  bearing  upoii 
immunity  and  i-ec<»%ery  from  iufcclious  disejises  (see  pp.  172  and  181). 

'  Tlii-sc  Kioiit  iflU  may  be  formed  uitlicr  l)y  tbc  fnsiiig  togi'ilicr  uf  pnclotlielial  or 
coniKfrdvc-tissui!  n^llti,  or  liy  a  division  of  iiuclfi  and  IncitskSu  in  tlic  cytoplasm  o(  con- 
iiLttivp-tiwtue  ccllx,  witlinut  a  further  dlrislou  of  the  bmly.  The  )Hissibility  must  be 
renigntznl  tlmt  giant  cells  may  be  ffirmod  alxo  liy  tlic  fusion  of  leucocytes.  Gfant 
crilH  an;  rroqucntly  prcxent  in  granulation  tlNsuc  wlilcli  fs  forming  simultaneously  witli 
till'  alKinrptioD  of  Hume  fon'igii  HUlistHnre  or  <nn»ddcrable  (|uantities  of  dead  tissue  (Fig- 
44).  For  u  study  of  giant  oi'lls.  with  b)bli(>giit]iljy,  toiisult  IMfifii,  Jour.  Exp.  Mid.. 
Vfil.  iii.,  ]i.  21;  Fiiertl.  Zieglcr's  Bcilrfige,  BiJ.  xxiv.,  ji.  440;  iiaA  Sntluii,  " Studies  from 
Di'piirlniL'ut  of  Pathology  Cornell  University."  vol.  i. 

'  For  a  rcsum^  of  the  aclion  of  fenueiits  in  pathology  see  Jaeoby,  Ceuirbl.  f.  Ptttli.. 
Btl,  .\iii.,  t).3. 
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The  Healing  of  Wounds. 


The  way  in  irtiich  new  iiiflaniiiiatory  tissues  ai'e  formed  may  be  best 
nnderatood  by  following  the  process  of  he^tliHK  in  a  wound  with  losa  of 
eabetanc« — for  example,  in  a  wound  through  the  skin  or  a  mucous  mem- 


brane into  the  tissue  beneath.  At  first  there  may  be  hiemorrhage.  After 
this  has  ceased,  the  injury  to  the  tistjue,  the  unusual  exposure  of  deep- 
Neated  parts,  the  presence  of  foreign  substances,  etc.,  may  iudut-e  the 
same  series  of  events  which  we  ha\'e  seen  occurring  in  exudative  inflam- 


■-llswie  c*ll«.   Thereat 


malion  with  production  of  .serum,  fibrin,  and  pus.  The  blood-vessels 
dilate,  the  circulation  becomes  slower,  serum  transudes,  and  emignitiou 
seta  in.  Certain  of  the  cells  and  fragments  of  intercellular  substance 
near  the  seat  of  injury  may  die,  and  in  time  are  wist  ofl'  or  are  disintc- 
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grated  or  dissolved  and  ateorbed  or  otherwise  disposed  of  by  phagocytes. 
The  tissue  may  become  soaked  and  svolleu  by  the  transuded  serum,  aiid 
the  con necti\'e- tissue  cells  in  the  vicinity  may  undergo  proliferative  or 
degenerative  changes. 

Qnumlation  Tiuue. — After  a  variable  time,  usually  on  the  second  or 
third  day  if  all  goes  well,  the  surfaces  of  the  wound  may  be  more  or  less 
covei-ed  with  tiny  red  nodules  called  granulations.  These  granulations 
contain  numerous  thin-walled  blood-vessels  which  have  sprouted  out 
from  the  old  vessels  near  the  seat  of  iujurj,  and  around  these  a  new 
loose,  succulent  tissue  is  formed,  largely,  it  is  believed,  from  prolifer- 
ation of  connective-tissue  cells.  This  is  called  granulaiion  tissue  (Fig. 
46).    On  the  surfaces  of  the  granulations  are  usually  pus  cells  in  vary- 


The  walla  of  ihe  blaod-TnncIa  are  (bicker  and  1at«n?et]ulu'  tlbiils  are  tormlDg. 

ing  quantity,  or  the  granulations  may  l>e  more  or  less  covered  with 
dried  exudate.  The  way  in  which  the  new  blood  vessel.s  form  by  proto- 
plasmic sprouts  from  Ihe  old,  and  the  manner  iu  which  connective 
tissue  develops  from  older  connective  tissue  cells  have  been  ali-eady  de- 
scribed in  the  section  on  Regeneration.  Let  it  suffice  here  to  say  that 
the  cells  of  tbegrauulation  tissue  are  at  first  mostly  small  and  spher- 
oidal or  polyhedral,  and  are  usually  packed  closely  together  with  only  a 
small  amount  of  fluid  intei-cellnlar  substance.  Presently  some  of  the 
cells  become  laiger  and  polyhedral,  elongated,  fusiform,  or  branched, 
and  after  a  while  a  delicate,  fibrillar  intei-cel hilar  substance  makes  its 
appearance  about  them  and  grows  more  and  more  abundant  (Fig.  47). 
These  larger,  variously  .shaped  cells,  which  api)ear  to  be  formed  out  of 
the  small  spheroidal  or  indifferent  cells  of  the  granulation  tissue,  are 
n3Uall;\-  gniiiular,  and  the  nuclens  is  generally  laige  and  distinct.  Some 
of  these  laiger  cells  which  stH'ui  to  ha  more  or  less  directly  concerned  in 
the  formation  of  intei-cel hilar  fibres  are  called _S&j-oW<t«*«  (Fig.  48). 
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As  the  granalation  tissue  grows,  new,  small  spheroidal  cells  are  gath- 
ering by  proliferation  or  by  coutiiiued  emigration.     Some  of  these  par- 
ticipate in  the  formation  of  the  graunlation  tissue,  while  others,  not  find- 
ing oouditions  suitable  for  their  fur- 
ther development,  or  even  for  their 
eontinueil  existence,  die  and  pass  off 
on   the  surface,  together  with  some 
tninsiided  fluid,  as  pus. 

The  polynnclear  leucocytes  do  not 
apparently  share  in  the  formation  of 
new  tissue.  Whether  this  is  lai^ly 
or  wholly  derived  from  small  spher-  ^'"'  ♦«.— fibroblasts  or  nkw  connictcti 

.  ,    ,         ■  ,  ,   .  ,_   "l  TigsrK  m  *  HtALiHii  Wound. 

oidal    eells  which   may   result   fi-om  ^^^  ^  ^^^^^^^  ^w-tormed  inter«>i.m» 
proliferation  of  old  connective  tissue  "^^"^ 

cells,  or  whether,  as    is    now   confi- 
dently claimed  by  many  observers,  the  emigrated  lymphocytes,  assum- 
ing the  characters  of  "plasma  cells"  (see  page  103),  may  be  also  con- 
cerne<l,  is  not  yet  certain. 

Cicatricial  Tiuue. — The  new  tissue  gradually  becomes  more  and  moi'e 
dense,  the  intercellular  substance  more  abundant,  while  the  cells  decrease 
in  nunil)er  and  become  flatter  and  less  conspicuous.  The  epithelium  may 
now  gi-ow  over  from  the  sides,  forming  by  mitosis  from  the  old  epithe- 
lium at  the  edges  of  the  wound  (Fig.  49),  and  finally  cover  the  new 
vascular  tissue.  The  new  tissue,  ba\-iug  at  last  uudetgone  more  or  less 
shrinkage,  with  atrophy  of  the  blood-vessels,  consists  of  a  dense,  firm 
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mass  composed  largely  of  fibrillar  basement  substance  with  a  few  flat- 
tened cells  {Fig.  50);  and  with  tbi.s,  which  is  the  cicatrix,  the  healing  is 
complete. 

Vaiiations  in  the  Healing  Process.— Although  in  the  production  of  new 
tissue  ill  connection  with  or  following  exiidsitive  inflammation  esaeu- 
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tially  the  same  processes  are  involved  in  all  cases,  there  are  yet  very 
marked  dififereuces  in  the  degree  in  which  the  different  fa«;tors  share. 
Tbiis  the  vascular  and  exudative  phenomena  may  predominate  and  verj- 
large  quantities  of  serum,  fibriu,  or  pus  collect,  while  the  amount  of 
new-formed  tissue  may  be  insignificant.  The  production  of  a  large 
amount  of  exudate,  pai'ticularly  of  pus  cells — suppuration — u-sually 
marks  the  presence  of  micro-organisms  whose  locally  elaborated  poisons 
complicate  or  retard  the  healing  process.  In  other  cases  the  formation 
of  new  tissue  is  the  dominant  fe^iture,  and  the  production  of  exudates 


Fia.  GO.— ClClTRIClAL  TCSHt'I  ritOH    HKALKD    WOt'KD. 

seems  to  be  almost  entirely  suboitlinated  to  this  end.  The  process  of 
repair  which  is  complicated  by  exudative  inflamnmtion  or  effected  only 
by  the  gradual  formation  of  a  considerable  amount  of  new  tissue  is  called 
by  sui^ons  healing  by  "second  intention." 

The  distinction  between  healing  by  fli-st  and  second  intention,  which 
is  of  practical  importance  in  surgery,  is,  from  the  pathological  stand- 
point, only  a  quantitative  one:  for  the  restitution  of  the  parts  to  the 
healthy  condition  is  in  both  cases  brought  aboiit  by  exudation,  and 
proliferation  of  cells  nsually  under  the  influence  of  vascular  changes; 
but  in  one  case  the  latter  changes  are  very  slight,  in  the  other  more  or 
less  extensive. 

There  is  much  variation  in  the  formation  t>f  grttiuilation  tissue.  Thus 
sometimes  the  body  cells  respond  but  feebly  to  the  uunsnai  con- 
ditions, and  neither  eel!  proliferation  nor  blood-vessel  gi-owth  is 
active.  On  the  other  hand,  the  development  of  blood-vessels  may  be 
excessive,  while  other  tissue  formation  lags.  Vuder  these  conditions, 
loops  and  tangles  of  thin-walled,  contorted  new  vessels  may  project 
from  the  granulating  surface,  while  useful  tissue  formation  remains  in 
abeyance  (Fig,  51).  The  result  of  this  disproportionate  growth  of  ill- 
formed  blood ■^■essels  is  the  exuberant  gninnlations  which  the  surgeon 
frequently  removes  from  unhealthy  healing  surfaces, ' 

Cavities  formed  by  abscesses  or  hy  necrosis  in  any  part  of  the  body 
may  be  filled  up  and  their  sides  drawn  together  in  a  cicati'ix,  hy  the 
formation  of  a  provisional  mass  of  granulation  tissue  similar  in  charac- 
ter to  that  which  grows  in  external  wounds.     So,  similarly,  cysts  may  t)e 

'  Fur  a  Kpt-i.ial  Ktiidy  of  grauulation  tissue  sto  Iteintxirh,  Zicglcr's  Bcitr.,  Bd.  30. 
p.  102. 
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obliterated  and  ulcers  x^rtially  filled  aud  drawn  into  cicatricial  healing. 
Lsirge  free  surfaces,  like  the  pleura  and  the  peritoneum,  may,  through 
the  intervention  of  granulation  tiasue,  pass  from  the  denuded  condition 
of  an  active  exudative  inflammation,  cither  with  or  without  adhesions, 
into  a  condition  which,  though  by  no  means  a  return  to  the  normal,  we 
yet  designate  as  repair. 

The  so-called  organization  of  a  thrombus  in  a  blood-vessel  is  brought 
about  by  processes  practically  identical  with  those  which  have  just  been 
described  in  the  formation  of  new  tissue  in  reparative  inflammation  in 
ail  external  wound.  The  endothelial  cells  of  the  \'easels  aud  the  con- 
nective-tissue cells  in  their  walls  proliferate,  new  blood-vessels  develop 
liy  sprouts  from  the  already  existing  smaller  vessels  in  their  walls  or 
close  sbont  them.     The  new  cells  and  new  blood-vessels  thus  derived 


PlO.  51. -EXIBRRANT  U 


gradually  penetrate  the  clot  forming  new  connective  tissue,  which  re- 
places step  by  step  the  fibrin  and  blood  which  are  gnulually  softened  by 
autolysis  and  absorbed  or  removed  by  phagocytes. 

The  part  which  the  thrombus  plays  in  its  so-called  oi^uization  is 
thus  a  wholly  passive  one.  It  acts  only  as  a  temporary  supporting  text- 
ure for  the  development  of  the  new  tissue  derived  from  other  sources 
which  step  by  step  replaces  it. 

Hyperplasia  and  Interstitial  Inflammation. 

Hyperplasia  of  the  fibrous  interstitial  tissue  of  the  internal  organs  and 
other  parts  of  the  body — as,  for  example,  in  the  liver,  kidney,  heart, 
nervous  system,  etc. — is  of  fre<inent  occurrence  and  is  usually  associatetl 
with  changes  in  the  parench.vTua.  In  some  cases  the  formation  of  fibrous 
tissue  clearly  follows  evident  and  often  a<iute  inflammatory  processes  and 
bears  the  same  relation  to  antecedent  reaction  to  injury  that  the  cicatrix 
in  a  healing  wound  does  to  the  granulation  tissue  from  which  it  is 
formed.     In  other  cases  it  is  associated  with  long-c<nitinued  hypertemia— 
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<-hmnie  cungestion — of  the  oi^n  involved.  Again,  gradual  hyperplaaia 
of  the  iiiteratitial  tissue  takes  place  by  the  slow  increase  of  cells  and  stroma, 
without  evidence  of  an  active  cell  proliferation  or  marked  involvement 
of  the  blood-vessels.  Finally,  hyperplasia  of  the  interstitial  tissue  may 
be  and  probably  usually  is  secondary  to  damage  to  or  atrophy  of  the 
parenchyma,  an  iu  the  spiual  cord  after  degeneration  iu  ner\'e  tracts  or 
in  the  heart  after  damage  to  the  muscle  fibres.  In  such  cases  it  is  often 
spoken  of  as  replacement  Jiyperplmtki.  These  forms  of  fibrous-tissue 
hyperplasia  will  be  considered  with  more  detail  in  the  sections  dealing 
with  the  special  lesions  of  the  viscera.  They  have  all  been  usually  re- 
garded as  mark^  of  inflammation.  Some  of  them  unquestionably  are 
so;  concerning  others,  doubt  will  continue  until  our  knowledge  as  to 
their  escitautK  considerably  increases.  In  the  mean  time  the  terra  Jibi-o- 
Htjissometimesapplied  to  the  results  of  fibrous-tissue  hyperplasia,  though 
this  is  still  most  commonly  included  among  the  inflammatory  processes. 
Those  important  phases  of  inflammation  which  are  due  to  dania|:e 
from  special  forms  of  micro-organisms  will  be  considered  iu  detail  io  the 
chapter  of  this  book  devoted  to  the  lufectious  Diseases.' 

Special  Phases  of  Inflammation. 

The  several  phases  of  the  inflammatory  process,  which  we  have  now 
considered,  are  fairly  typical  of  the  reaction  of  the  living  body  to  various 
forms  and  degrees  of  injury.  If  we  look  at  them  together  and  seek  to 
gather  their  dominant  featui-es,  we  find  that  the  changes,  varied  as  they 
ai"e  in  character  as  well  as  in  degree,  are  mostly  of  thi-ee  kinds:  first, 
those  involving  a  greater  or  less  amonnt  of  degeneration  or  necrosis  ;  sec- 
ond, those  involving  local  disturbances  of  the  circulation,  as  well  as 
alteratioiiK  in  the  distribution  and  character  of  the  fluid  and  cellular 
elements  of  the  hlooil—eTttdatire  ehanges;  and  third,  regenerative,  prodiic- 
tire,  or  repartitire  changes. 

Of  these  three  groups  of  alterations  in  inflammation  those  involving 
the  blood-vessels  and  their  contents  are,  in  a  clinical  sense,  most  striking 
and  characteristic,  aud  to  many  seem  to  dominate  the  inflammatory  proc- 
esses. But  in  fact  alt  are  closely  associated.  The  various  phases  of 
inflammation  dei>end  ni)on  the  nature  and  extent  of  the  injury,  the  in- 
herent reactive  vigor  of  the  cells,  and  the  character  and  position  of  the 
tissue  involved. 

Special  names  have  been  attached  to  various  forms  of  the  inflamma- 
tory process,  descriptive  of  the  feature  which  from  the  particular  staud- 
point  of  tlie  obst^ner  seems  most  striking  or  important.  Some  of  the 
names  are  descriptive  of  clinical  symptoms,  some  express  the  duration 
or  character  or  situation  of  the  lesion,  some  seek  to  imply  more  or  less 
well-fonnded  view's  of  the  nature  of  the  process.     Thus  among  the  forms 

cal  IteL'unl,  Marcli  14  uud  -il,  and  April  4  and  II.  1896. 
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of  exudative  inflammation  those  in  whicli  the  extravasated  serous  fluid 
is  the  most  marked  feature  are  often  named  serous  hiflammations.  If 
fibrin  predomiuate,  it  is  caWed  Jibrijious ;  if  associated  with  much  blood 
extravasation,  it  is  termed  hwmorrhaffie.  When  the  agencies  are  present 
which  induce  the  necessary  vascular  changes  and  promote  the  emigration 
and  gathering,  and  often  the  destruction,  of  leucocytes  in  coustdemble  or 
laige  numbers,  we  have  a  tuppurative  or  purulent  infiammation.  If  much 
tissue  death  be  associated  with  the  process,  it  is  named  necrotic  inftam- 
maiioH. 

Again,  if  certain  mucous  membranes  or  mucous  glands  be  subjected 
to  the  inciting  agencies,  they  may  respond  by  an  overproduction  of 
mucus  as  well  as  by  an  increajse  or  death  of  cells;  this  is  viucous  or 
ratarrhal  inffaimnatioH.  Finally,  these  various  forms  of  exudate  may  be 
prudneed  simultaneously,  whence  arise  sucli  compound  designations  as 
gero-purulent,  muco-puitilent,  etc.,  inflammation.  Inflammatiou  with  the 
formation  of  new  tissue  is  called  productive  or  repnratwe. 

Local  inflammation,  especially  when  incited  by  micro-oi^uisnis,  is 
often  associated  with  systemic  infection  due  to  a  distribution  of  the  in- 
citing agents  through  the  body.  This  condition  will  be  considered  in  the 
<;bai>ter  dealing  with  the  Infectious  Diseases  (see  page  202). 

It  has  seemed  wise  to  many  to  attempt  to  di-aw  a  sharp  distinction 
between  those  phases  of  inflammation  which  involve  only  the  degener- 
ation of  tissues  or  the  redistribution  of  ali-eady  formed  tissue  elements — 
— serum,  fibrin,  and  blood — and  those  phases  which  are  pi-oduetive  or 
reiMinriive.  But  while  this"attempt  aims  at  the  recognition  of  a  biologi- 
cal distinction  of  fundamental  importance,  it  encounters  the  great  prac- 
tical difficulty  that  both  phases  of  the  reaction  of  tissues  to  injur>',  the 
exudative  and  the  prodnctive,  occur  tf^ther,  so  that  none  of  the  named 
classes  of  inflammation  represent  simple  and  unmixed  forms  of  tissue 
reaction.  The  important  thing  is  to  conceive,  as  clearly  as  our  knowl- 
edge permits,  the  nature  of  the  processes  whicli  underlie  these  various 
manifestations  of  distm'bed  cell  function  and  their  associated  tissue 
alterations.  Then  the  names  may  ser^'e  useful  temporary  ends  at  least, 
without  implying  too  much  or  concealing  too  little  knowledge. 

Survey  of  the  Inflammatory  Process  and  its  Significance. 

If  now,  from  the  vantage-ground  which  we  ha\e  won  by  our  survey 
of  various  typical  phases  of  inflammation,  we  seek  to  gain  an  insight  into 
the  forces  which  dominate  the  \'aried  pi-ocesses,  we  note  at  once  that 
from  first  to  last  the  cell  and  tissue  performances  in  inflammation,  bow- 
e\'er  exaggerated  or  perverted,  are  only  the  expression  of  physiological 
caiKM'ities  which  belong  to  the  structures  involved.  Thus  the  contrac- 
tions and  dilatations  of  the  vessels  are  paralleled  in  health.  The  exudiug 
of  fluids  through  their  walls  occui's  by  processes  akin  to  those  by  which 
blood  pressure,  osmosis,  and  selecti^'e  filtmtion  in  endothelial  cells  main- 
tain the  initial  circulation  into  and  through  the  tissue  sinices.     Bmigra- 
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tiun  is  a  physiological  prwetH  which  wetiiid  vscetwivf  here,  becau^  tbei-e 
are  structural  alterations  in  the  walls  of  the  vessels  which  penuit  a  Uwr 
exit  of  the  cells,  aud  liecause  there  are  also  present  new  and  a<'tive 
chemical  agents  which,  just  as  in  normal  conditions  though  in  exagger- 
ated fashion,  excite  and  control  the  movement  and  direction  of  the  len- 
cocytes.  The  healing  processes,  complex  as  they  seem  to  be,  are  actually 
but  a  rehearsal  under  unusual  and  ofteu  difficult  conditions  of  cell  and 
tissue  foi'matiou,  which  is  characteristic  of  the  noiiiial  period  of  develop- 
ment. Phagocytosis  is  a  factor  of  the  greatest  importance  in  the  normal 
as  well  as  in  these  abnormal  performances  of  the  body  cells. 

The  degenerative  phenomena,  among  which  must  be  I'eckoued  the 
formation  of  fibrin,  are,  as  we  have  seen,  incidental  rather  than  primaiy 
factors  in  inflammation. 

Thus  in  all  the  uianifold  mabifestations of  abnormal  cell  performance 
in  inflammation  we  And  no  new  functions,  no  new  cell  capacities. 

We  are  now  brought  face  to  face  with  the  final  question ;  WTial  does 
inflammation  meant 

In  those  phages  which  involve  the  repair  of  wounds  and  the  ivgener- 
atiou  of  lost  tissues  it  is  not  difficult  to  recc^nize  conservative  and  bene- 
ficial processes.  But  how  is  it  with  those  phases  of  iniianmiation  in 
which  the  blood-vessels  are  largely  involved  and  exudates  formed — 
serum,  fibrin,  and  pust  Are  we  to  be  contented  here  with  a  simple  sum- 
mary' of  the  phenomena  and  with  the  recognition  that  the.se  are  the  i-esults 
of  exaggerated  or  physiological  cell  and  tissue  i>erfoiiuance8  in  the  face 
of  injuryt  Or,  on  the  other  baud,  is  there  reason  for  the  "oelief  that 
these  abnonnal  manifestations  of  cell  life  in  the  presence  of  an  niiusual 
and  deleterious  environment  may,  aftci'  all,  be  in  the  main  conser\'ative 
in  their  nature,  and,  even  as  normal  cell  functions  do,  tend — withiu  the 
limitations  of  an  emergency — to  the  welfare  of  the  iudividiial! 

In  the  hope  of  gaining  some  light  upon  this  question  let  us  look  a 
littlemoreclosely  at  thepart  which  the  exudates  play  in  exudative  inflam- 
mation ;  and  first  at  the  leucocytes. 

It  was  through  the  painstaking  and  brilliant  .studies  of  Mets^'huikofT' 
that  attention  wjis  directed  to  the  importance  in  this  connection  of  com- 
parative studies  upon  the  comportment  of  lower  forms  of  life  in  response 
to  injury. 

It  wa«  found  that  amieba,  one  of  the  simplest  of  organisms,  when  cut 
in  two  may  undergo  complete  restitution  of  the  i>art  coutaining  the  nu- 
cleus, provided  the  latter  be  uninjured.  The  remaining  portion  may 
live  for  a  time,  but  ultimately  dies.  Furthermore,  it  was  found  that 
amoeba  and  other  lowly  forms  of  1i\'ing  beings  are  oijiable,  by  the  use  of 
tlieii'  simple  digestive  processes,  of  dwtroying  inicn>-organisms  which  are 
taken  into  their  interior  and  which  might  otherwise  damage  or  kill  them. 
Thus  it  was  established  that  the  digestive  mei^ianism  may  become  pi-o- 
tecti\'e  in  lowly  organi7.ed  cells. 

Rising  in  the  scale  of  living  beings,  it  is  found  that  in  forms  in  which 
*  MelKhnikiiff.  "C'uiiipiiralivePHtliiiliigy  i>f  InHiimiiinlion,"  Englisli  traaslaticiu,  1883, 
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considerable  differentiatiou  of  some  of  the  cells  has  tafaeu  place,  whether 
there  be  a  distinct  circulatory  apparatus  or  uot,  certaiu  other  cells  are 
left  in  a  more  primitive  state:  these  are  phagocytic  aud  cau  ingest  or 
otherwise  destroy  deleterious  material. 

When  we  come  to  man  and  other  warm-blooded  animals,  it  is  iipoti 
the  leucocytes  which  have  retained  so  many  of  the  capacities  of  undiffer- 
entiated protoplasm  that  attention  is  especially  concentrated.  It  has 
been  found,  as  we  have  already  seen,  that  Ihe  movement  of  leucocjles 
may  be  directed  toward  (sometimes  fi-om)  chemical  substances  set  free 
in  their  vicinity.  This  chemotajcis  is  frequently  manifested  in  the 
vicinity  of  dead  cells  or  tissues  which  are  the  seat  of  destructive  me- 
tabolism. But  it  is  esiiecially  in  relation  to  micro-or^nisms  of  various 
forms  Ibat  chemotaxis  in  the  leucocytes  is  of  the  highest  significance  lo 
UH  here. 

Highly  virulent  micro-oi^nisnis  may  for  a  time  repel  the  leucocytes, 
probably  through  ue^tive  chcmotaxi.s,  but  these  may  later  approach 
them.  On  the  other  band,  leucocytes  most  often  migrate  toward  bacteria 
which  ha\e gained  entrance  to  the  bixly.  It  lias  been  i>i«i'en  that  leuco- 
cytes, especially  the  polynuclear  iieutrophiles,  les«  frequently  large 
niououuclear  forms,  may  take  into  their  interior  and  destroy  living 
bacteria.  Dead  bacteria  also,  as  well  as  other  inert  material,  they  cau 
eugiilf  and  destroy. 

ThLs  capacity  of  leucocytes  aud  otlier  mesodermal  cells — endothelia, 
etc. — to  take  up  living  bacteria  and  kill  and  digest  them  was  persistcutly 
and  ably  ut^ed  by  Metschnikoff  aud  his  pupils  as  the  chief  pr(>tecti\'e 
a^ncy  in  the  body  against  l>acteriat  incursions,  and  to  these  observerK 
all  the  other  pheiionieua  of  inflammation  formerly  seemed  of  secondary 
importance.  But  it  was  soon  shown  that  this  extreme  view  is  not  coriwit. 
For  it  was  demonstrated  by  many  observers  (hat  the  body  fluids,  esi>e- 
cially  blood  scroin,  is  capable  ot  killing  bacteria  with  which  they  coiutt 
ill  contact.  Wlien,  however,  this  remarkable  quality  of  the  body  fluids 
was  investigated,  it  was  found  that  it  is  most  pronounced  under  condi- 
tions which  involve  the  breaking -down  of  leucocytes  or  the  liberation  of 
the  destructive  substances  into  the  fluids.  It  was  po.ssiblc  now  to  demon- 
slrate  that  the  leucocytes  do  in  fact  contain  a  germicidal  pi-oteid  sub- 
stance or  substances.  These  substances,  which  appear  to  be  closely 
associated  with  or  related  to  uucleinic  acid,  liave  lieen  calle<l  "alexines" 
or  "protective  proteids."  '  It  has  been  further  demonstrated  that  while 
the  eosinophile  cells  may  move  towar<l  bacteria,  they  are  not  jihagocytic, 
but  may  set  free  granules  which  appear  to  fa\or  the  destruction  of  the 
genns. 

It  thus  appears  that  the  earlier  \iew  of  the  almost  exclusive  impor- 
tance of  phagocytosis  is  not  sustained,  but  that  even  more  than  in  the 
action  of  living  phagocytes  the  protective  agencies  are  to  be  sought  in 
the  body  fluids.  But  it  is  also  clear  that  the  protective  capacities  of  the 
body  fluids  are  the  result  of  cell  activities,  as  indeed  might  have  iK'eii 
'For  further  coDsideratiou  of  tliis  subject  s«'  ]i.  181. 
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iiiferi-ed  in  advance  of  llie  long  line  of  careful  experiments  which  fiiially 
letl  to  the  demoustratioii. 

The  importance  of  this  protective  power  of  the  btxly  cells  and  body 
fluids  ia  not  exliaii»tetl  with  their  germicidal  action.  For  not  less  slg- 
niticant  is  the  role  which  these  may  assume  iu  the  establishment  of  other 
phases  of  immnnity  to  the  iucui'sion  of  micro-oi^uisms.  Thia  will  l>e 
considered  later  iu  the  general  survey  of  the  infectious  maladies  (p.  1T5). 

If  now  one  seek  for  ways  in  which  the  other  exudates,  serum,  and 
fibrin  may  be  useful  to  the  individual,  it  is  obvious  that  iu  the  dilution 
of  locally  engendered  poisons  and  iu  their  removal  froui  a  vulnerable 
region  the  Huid  may  at  times  be  lieneficial.  Fibrin,  too,  by  closing  iitflani- 
matory  foci,  through  temporary  adhesions,  or  by  the  sealing  of  absorbent 
surfaces,  may  limit  the  extension  of  injurious  agents,  as  is  so  fi-equeut!y 
the  ease  iu  local  infectious  injuries  iu  the  peritoneal  and  pleural  cavities. 
That  the  regeneratiou  and  repair  of  tissue  which  may  be  associated  with 
or  follow  the  more  active  phases  of  inflammation  are,  as  a  rule,  beneficent, 
is  not  doubtful. 

There  is,  of  course,  another  side  to  the  matter.  For  new  cicatricial 
tissues  which  have  foraied  in  the  process  of  repair  may  be  so  situated  as 
to  cause  serious  impairment  of  functional  performance,  or  even  fatal 
strictures.  The  gathering  of  leucocytes,  too,  may  be  so  excessive  and 
their  proliferation  so  extreme  as  to  lead  to  delayed  healing  or  to  serious 
exhaustion  from  suppuration.  But  notwithstanding  these  irregularities 
and  failures  there  seems  to  be  good  reason  for  the  belief  that,  on  the 
whole,  the  processes  involved  iu  inflammation  are  conservative,  and, 
within  the  limitations  which  may  be  set  l)y  the  varied  and  chaugiug  con- 
ditions of  injury,  tend  to  maintain  tlie  welfare  and  sustain  the  life  of  the 
individual. 

CHARACTERIZATION  OF  THE  INFLAMUATORT  PROCESS. 

The  general  conception  of  inflainniation  which  we  have  just  set  forth 
looltfi  tieyond  the  gross  manifestations  of  disordered  function  and  altered 
structure,  by  which  it  was  originally  marked,  and  beyond  the  complex 
and  varied  expressions  of  abernint  cell  activities,  with  which  our  later 
science  has  mostly  dealt,  to  the  fundamental  qualities  of  living  substance. 
And  thus  at  last,  with  the  heart,  of  the  subject  iu  view,  a  chanwrterizatiou 
of  inflammation  iHfomcs  possible  which  is  suggestive  and  usefid,  though 
it  may  not  indeed  be  tinal.  Perhaps  among  nniny  such  chanu?terizations, 
that  of  Adami '  is  on  tlie  whole  the  most  clear  and  precise,  and  with  him 

'  For  a  fuller  consirteration  of  inflammalloii  frnm  tlit  point  of  view  wliicli  in  general 
is  here  iwlopted,  one  mav  oonsiili  tlii'  exrellcnt  article  on  "  laflammaliou  "  by  A(l""ii  iu 
Atlbiitt's  "Systi'm  of  Medicine,"  vol.  i.,  p.  54, 

In  Thoiaa'H  work  on  "General  Patliologv."  vol.  i.,  is  a  clear  exposition  of  the  \ari- 
0118  processes  concerned  in  inflammation,  with  a  fuller  recognition  than  is  commonly 
accorded  to  tliem  of  the  meclianicnl  factors  involve<l.  In  both  of  these  works  the  more 
important  bibliography  may  be  found. 

For  bihiiogmphy  and  critical  resume  of  studies  on  pathological  organization,  in- 
flitnimation,  elc,  see  Jhrtt,  Luhnrscli  and  Ostertng's  Ergebnisse,  Jahrg.  iv..  for  1897, 
|>.  461.    Sec  also  references  under  Kegetieration.  |)age  M,  and  under  Tumors,  page  ;{(iS. 
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we  may  at  preseut  wisely  consider  iuflanimattou  as  "the  local  attempt  at 
the  repair  of  injury."  The  fnndaniental  conception  upon  which  this 
characterization  is  based  is  that  iuflanimation  is  an  emergency  measure 
incited  by  injury,  iu  which  the  body  adapts  to  unusual  ends  as  best  it  can 
ntechanisms  and  powers  normally  maintained  for  other  purposes. 

This  view  of  iiiflammatiou,  however  much  it  may  t>e  modified  as  our 
knowledge  grows,  recognizes  a  far-reaching  significance  in  the  eomple.^ 
processes  involved.  And  while  throwing  light  upon  the  practical  prob- 
lems of  the  physician,  it  points  the  way  to  a  broader  conception  of  other 
abnormal  conditions  in  which  also  the  adaptation  of  physiol<^cal  cell 
capacities  to  new  conditions  seems  to  furnish  a  clew  to  many  manifesta- 
tions of  disease  as  yet  but  little  understood.' 

Xow  that  we  ha\o  gained  a  conception  of  the  inflammatory  processes 
in  general  and  some  clews  as  to  tlieii*  significance,  it  does  not  seem  neces- 
sarj-  to  enter  hereupon  a  detailed  description  of  the  variations  which  they 
present,  since  these  arc  lai^ely  influenced  by  the  character  of  the  incit- 
ing !^;ents  and  by  the  situation  in  which  they  act.  Such  details  as  may 
-fall  within  the  scope  of  this  work  are  given  in  the  section  dealing  with 
micro-organisms  as  inciting  factors  in  disease,  and  in  the  part  de-iling 
with  the  lesions  of  special  oi^ans. 

'  Consult,  for  &  clwir  and  compreliensi 
esses,  Wdrh,  Tmnsactions  of  llie  CoDgress  of  American  Pliysicii 
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ANIMAL  PABASITES. 

Protozoa.' 

This  class  of  iiiiicelliilar  orgniiiiuiiH,  M^iiitt  of  which  Ix-Ionc  in  the  Ixir- 
dei'liind  betweeu  iilaiits  antl  iiiiiiiiiils.iii'e  for  the  most  part  niici'OHcapic, 
thoiigli  IV  few  forms  ai'e  lai'ge  enough  to  be  visible  to  the  naked  eye. 
Mauy  of  tbciii  are  pai'Uititic  in  man,  thongh  few  forms  are  as  yet  of  known 
IMitht^itic  significance.  Tlu're  is,  however,  nnieb  reason  for  the  grow- 
ing belief  that  many  forms  ai-e  the  inciting  factoi-s  in  some  of  the  serious 
infectious  di^'iises  whose  etiology  is  still  obscure. 

The  protozoa  may  bn  dividoil  into  four  cla-sses: 
I.  Sarcodina  OR  Rhizopoda. 
II.  Mastigophora. 

III.  Spokozoa. 

IV.  Infusoria. 

T,  aARCODiNA  fBAicoporfn). 

The  protozoa  of  this  chuss  ai'e  the  simplest  in  structure  and  mo\'e 
about  or  feiHl  by  the  pi-otrusion  of  broatl  or  slender  processes  called  i>seu- 
doiHHlia.  Ib^-produetion  takes  place  by  simple  di\'isioii  and  by  s])on>  for- 
inatiou.  One  of  tlie  lowest  onlers  in  this  clii.<<s  contains  forms — AnnelKi 
- — which  arct  panisitic  in  man. 

Tile -iHKrfta  co/(  (Amii'lia  dysenterica,  <\mucitmau  and  IjiiHeui)  is  of 
consid<THble  pathological  significance.  It  ha-s  l>een  i'ei>eatedly  fouiul  in 
a^'.ute  and  ehronie  dysentery,  in  the  intestinal  eoiilent**,  at  the  bottom  of 
the  intesliual  uleei-s,  and  in  the  secomiiiry  al>scesses,  especially  of  the 
liver,  which  may  iwconipaiiy  ulcenitive  eolitis.  The  amcelxi  is  iK'lifveil 
to  l)e  the  ineiling  factor,  in  some  vnsi-s,  in  both  the  primary  ulcei-ative 
eoliti.s  and  ils  conipHeating  al>se<'sses  (set^  p.  SS,"*). 

The  .\ma'l»a  ci>li  (Fig,  5'2)  is  a  sphcmidal  cell,  from  five  to  eight 
times  (he  diameter  of  a  red  bhiiHl  cell,  with  gniiinlar  protojilasm  and  a 
vewicnlar  nucleus.     It  often  contains  larger  and  smaller  vacuoles.     Fre- 
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queiitly,  especially  wbeu  thv  amoeba  is  active,  a  portion  of  the  proto- 
plasui  appears  almost  homogeueous — ectosai-c — wliile  the  rest — eiidosaro 
— is  };raiialar.  When  moving  it  assumes  varions  forms,  thrnsting  out 
■mh\  withdrawing  nearly  )i<miogenenUK  psendopodia.     It  may  also  change 


From  Ibf  liiU^luaL  wall  nvsr  an  iiUt-r  la  aiiHieblc  n>lltlB. 

its  Rlmpe  without  progi-essive  movement.  It  occiii-s  in  acute  and  chronic 
dysentery,  frequently  in  Egypt,  occasionally  in  Bussia,  and  is  often  seen 
in  the  United  States,' 

Other  species  of  amoeba  have  been  found  parasitic  in  the  huinaii 
uiouth,  intestines,  and  bladder. 

II,  Mastigophoka, 

These  organisms,  many  forms  of  which  are  closely  related  to  the  Sar- 
c^jdina,  are  of  definite  or  changeable  shajie,  with  or  without  a  membrane; 
some  are  parasitic,  some  saprophytic.  They  are  characterized  by  the 
possession  of  one  or  more  motile  flagella.  They  are  frequently  grouped 
ill  colonies. 

Among  the  flagellated  jtrotozoa,  the  group  of  Trypunommes  are  of 
much  significance,  as  parsisites  in  frogs  and  other  cold-blooded  as  well  as 
in  warni-blootied  animals.  These  organisms  are  fusiform  in  outline, 
with  a  single  flagellum  and  an  undulatory  membrane.  They  have  been 
hnig  known  in  the  blood  of  rats  and  are  of  frequent  occurrence  in  cattle, 
horses,  dogs,  and  other  related  animals.  Among  the  I'eeognized  diseases 
of  animals  l)elieved  to  lie  due  to  tryjianosomes  ai* :  Nagana — the  tsetse - 
Hy  dis»".i«e;  Surra;  and  sevenil  other  maladies  of  wild  and  domestic 
iinimals  of  subtixipieal  and  tropical  I'egions.  Tripanosomata  appear  to 
l>e  common  in  wild  nits  in  all  countries,  A  few  cjises  of  trypanosomat it^ 
iiifpction  in  man  in  Africa  are  recoi-ded.     Novy  and  McXeal  have  re- 

'  Wr  refer  for  fiirtJiLT  ilt'Cails  ciinot'tiiinjc  the  Anicpha  poli  to  tiic  work  of  Gouneil- 
man  nnd  Ijafiear  on  ■■  Amtrbio  DysentiTv."  .lolins  Hopkins  Hospital  Reports,  vol.  ii..  p, 
3M,  1891.  For  a  method  of  diffi-rcntial  HtaininK  "f  the  Aiiiii^ba  coli  w-e  Mnllory.  Jour- 
nal of  Experinientnl  Mevllcinr.  vol.  11..  p.  03»,  Vm. 
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centJy  succeeded  in  the  artificial  culture  of  the  Trypanotonta  leunai  of  the 
wild  rat '  aud  of  T.  brucei  of  the  tsetse-fly  disease." 

_  Cerconwiuis  intestiiuUin  is  a  pear-shaped,  flagellate  structure  (Fig.  54), 
about  0.012  mm.  long,  making,  wbeu  alive,  rapid  movemeuts.  It  hits 
beeu  found  in  the  evacuations  of  persons  suffering  from  cholera,  typhoid 
fever,  and  diarrhoea. 

Trichomonas  vagineHia  has  an  oval  or  pear-shaped  body  from  0,015  to 
0.025  inm.  long,  with  a  cluster  of  flagella  at  one  end  aud  an  undulating 


^^^ 
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membraue,  frequently  mistaken  for  cilia,  upon  the  Bide  (Pig.  55).  It  is 
of  occasional  occurrence  in  vaginal  exudates.  The  possibility  of  mistak- 
ing the  T.  vaginalis  for  human  spermatozoa  should  be  borne  in  mind  iu 
medico-legal  examinations,  although  to  an  observer  familiar  with  either 
structure  such  a  mistake  could  hardly  occur. 

Some  forms  of  Trichomonas  have  been  found  in  the  urine  of  meu,  iu 
the  intestines,  aud  in  the  sputum.' 

III.  Spoeozoa, 

The  sporozoa  are  all  parasitic,  living  at  some  period  of  their  life 
cycle  in  the  cells  of  their  host,  and  are  especially  characterized  by  their 
reproduction  through  encystmeut  aud  spore  formation.  Many  forms  of 
the  organisms,  especially  the  spores,  are  very  minute  and  diflScnlt  of 
identification.  They  are  widely  distributed,  being  found  as  parasites  in 
nearly  all  classes  of  animals.  They  may  invade  the  gastro-intestinal 
canal  aud  the  kidney  aud  their  adnexa,  the  blood,  muscle,  connective 
tissue,  aud  skin.  While  many  of  them  appear  to  be  harmless  to  their 
host,  others  may  do  serious  (^mage  by  blocking  the  tissue  spaces  and 
thus,  or  iu  othor  ways,  inducing  necrosis,  atrophy,  or  cell  death.  Sotiip 
forms  are  wholly  intracellular,  others  remain  for  only  a  part  of  their  life 

'  For  &  rtsuiiiu  of  trypaoosomalii-  iufcctlons  Htid  Itie  methodB  of  artiticial  culture  of 
protozoa,  see  Meyenl  and  ^Yory.  in  "Coiilr.  to  Steii.  Bcsearcli,  Vaughau  Anoiveraarv 
Volume."  1903.  p.  S49;  fur  disci issioii  of  Irypanosomiasisin  man,  meManmii,  Brit  Mni. 
Juur.,  Sept.  I9th,  1903,  p.  646:  for  a  study  witli  bibliogranliy  of  Trypanosoma  lewisi. 
see  Francit,  Bull.  No.  11,  Hygienic  Laboratory,  Piililic  llcalth  aad  Marine  Hospital 
Service,  U.  8.  A.,  1903.  For  a  study  of  IrypanoBomiasis  with  special  reference  to  ser- 
vice in  the  Philippiuc  Islands,  see  iliugrare  aud  Cirgg.  Department  of  Interior,  V.  S.  i. , 
Bureau  of  Qovernmcnt  laboratories,  1003. 

'  Navy  and  .VeA'fnl.  Journal  of  Infectious  Diseases,  vol.  i.,  1908,  p.  1. 

'For  original  studiim  of  Trichomonas  witli  historical  summary  and  bibllogropbr. 
see  Dort,  Am.  Jour.  Med.  Sc.,  vol.  cxi.,  p.  1,  1896. 
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cycle  within  single  forms  of  cells,  passing  then  to  other  cells  or  to  the 
body  cavities  or  to  hosts  of  a  diflfereut  species.  The  life  eyele  of  many 
forms  is  extremely  complex.  On  account  of  their  strict  parafiitism  and 
the  requirements  in  some  instances  of  an  interchange  of  hosts,  precluding 
the  methods  of  culture  applicable  to  many  of  the  lower  organisms,  the 
life  history  of  many  forms  is  still  unknown  or  obscure. 

The  classihcatiou  of  tlie  Sporozoa  is  still  tentative,  but  one  may  con- 
veniently recognize  the  following  ordci-s: 

1.  Gregarims. — These  are  round  or  elongated  parasites,  some  of  the 
higher  forms  presenting  partitions  in  the  cell  with  special  development 
of  oue  end  for  attachment.  They  are  parasitic  in  certain  cold-blooded 
animals,  especially  the  iuvertebrata.  The  yonng  stages  only  are  intra- 
cellular, mature  forms  occurring  in  the  body  spaces. 

2.  The  Myxo»poridia  are  parasitic  in  certain  of  the  invertebrates,  in 
fishes  and  batrachians.  Epidemics  among  silk  worms  incited  by  a  para- 
site of  this  class  have  occasioned  serious  losses.  Many  species  are  con- 
cerned in  diseases  of  fish,  in  which  they  may  cause  extensive  deep  foci  of 
necrosis  and  ulceration.  Cytoryctes  variolte,  believed  to  be  the  organism 
inciting  smallpox  (see  p.  276),  is  described  as  allied  to  this  order  of  pro- 
tozoa. 

3.  Cocddia. — Organisms  of  this  onler  are  parasitic  in  certain  of  the 
invertebrates,  in  birds,  reptiles,  and  mammals.     They  are  round  or  ovid, 


usually  intracellular  parasites  having  no  free  motile  adult  stage.  They 
are  most  frequently  found  in  the  epithelium  of  the  intestine  and  liver. 

One  of  the  must  common  forms  in  the  mammalia  is  Coccidium  ovi/orme 
which  is  of  frequent  occurrence  in  the  liver  of  the  rabbit,  forming  a 
part  of  the  contents  of  yellowish  irregular  shaped  mas.ses,  resembling 
tumors,  or  in  the  form  of  cysts. 

The  parasites  surround  themselves  with  a  capsule  within  which  elon- 
gated sporozites  develop.  This  encapsulated  form  may  be  taken  up  by 
a  new  host  in  which  the  sporozites  ai-e  set  free  and  enter  the  epithelial 
cells  in  which  they  again  become  encapsulated. 

The  occurrence  of  Coccidium  oviforme  has  been  recorded  in  the  liver, 
kidney,  and  heart-muscle  of  man. 

Another  smaller  form,,  occurring  in  the  intestinal  epithelium  of  dogs, 
rats,  and  rabbits,  has  been  foimd  in  two  cases  in  a  similar  situation  in 
man. 


Digitized  by  Google 


132  AMMAI,   PABASITBS. 

Bixford  itild  Gilchrist '  Itave  described  in  detail  two  cases  of  proto- 
zoal! (eoccidojdal)  infectiou  of  the  Hkiu  aud  other  oi^;aus,  makiug  a  care- 
ful comparison  between  these  and  organisms  somewhat  resembling  tbeoi 
which  have  been  found  in  various  skin  lesions. 

4.  Sarcosporidia. — In  this  order  of  the  Sporozoa  the  usually  elongated, 
slender  early  stage  is  fouud  in  between  the  muscle  fibers  aud  bundles  of 
vertebrates — mouse,  hog,  and,  in  a  few  instances,  in  man.  These  are 
commonly  known  a-s  the  "tubes  of  Miescher"  or  "of  Rainey."  Beni- 
form  or  falciform  spores  are  developed.  The  adult  forms  are  spheroidal 
or  elongated.     The  life  cycle  is  not  well  known.' 

5.  Htemosporidia. — These  parasites  of  the  blood  form  a  lat^  group 
occurring  in  the  corpuscles  or  plasma  of  vertebrates — amphibia,  i-eptiles, ' 
birds,  and  mammals.  Some  forms  are  among  the  most  important  of  the 
protozoan  parasites  of  man.  They  are  of  small  size;  the  adult  form  is 
motile.  One  stage  in  the  life  cycle  is  ^lassed  in  the  blood  of  the  verte- 
biittf-  host.  Another  st^e  or  cycle  ma,\'  be  passed  iu  the  body  of  some 
insect,  acting  as  an  intenneiliate  host. 

Among  the  mamniaUan  hfemosporidia  we  may  mention  the  hiematozoa 
of  nialarhi  and  the  heematozoon  of  Texas  fever. 

The  clianifiters  of  the  malarial  h^matozoon,  for  which  the  mosquito 
acts  as  intermediate  host,  are  described  in  detail  ou  page  279. 

The  luematozoou  inducing  Texas  fever  in  cattle  was  discovered  by 
Theobiild  Smith  and  called  Pffrotoma  bigeminnm.  In  one  stiige  it  is  a 
minute  pyrifonn  oi^anism  occurring  often  in  pairs  in  the  hmI  blood  cells 
of  its  host.  Fi'ee  forms  have  been  found  in  the  blood.  While  its  life 
cycle  lm«  not  been  completely  worked  out.  Smith  and  Kilbonme  showeci 
that  a  cattle  ti<-k  acting  as  an  intermediitte  host  transmits  the  parasite 
thi'ongh  her  eggs  and  larvie.  It  is  through  these  young  ticks  that  fi-esh 
cattle  Im'Couio  iufecled.' 

Ill  1902,  WilsiiD  aiid  Oliowaing '  descriliod  tlic  wcinrcnn'  of  uvoul  lioilii-s  m  tlic  ml 
lilooil  ci'llsof  pi'i-Bona  Buffering  from  thi>  si)-callcil  "spiittetl  fever"  nf  Mi>ulatiu.  Tliesi' 
iKxlies  in  fresh  blooil  sliiiwetl  aiiKiljoiil  iiiovenieutti.  TIu-hc  oUservatidDS  liiLVe  b«.'D  con* 
flrmcd  liy  Wtsl>roHk  nod  by  Andirnim.  The  liifrition  is  believed  to  occur  through  the 
liites  (if  ticks  Diiil  tlie  ilweasu  tins  beeu,  tlierefoie,  railed  »lHa''tick  fever,"  Ii\irtlipr 
stuily  is  rcijiitreil  iM'fore  tlii'  etiology  of  this  disease  iind  the  intervention  ot  the  tick  oiii 
be  rcgiirdcd  ns  est  ah)  i  shed. 


'  JiiliiiH  lIiinkiiiH  I]os]iiliii  Iteporls.  v 
'  For  n  Ktiiily  <if  the  iinKlucl.luii  of  s 


.,  |>.  SOS,  1890;  Bibliogmiihv. 


TmiiH.  Assn.  Am.  I'hys-.  vol.  \vi.,  ii.  576,  |:     . 

'See  /yinifM>(Jif','"1Iii'iiio!t)iuridJ&  in  Americiiii  Reptiles  and  Bulnuhians."  N.  V. 
Med.  Jmir..  January  7th.  18W. 

'Fur  a  siimmnry  of  oliservalioiis  on  Texas  fever  (IIiemo),dobiuuria  <if  Catllc)  see 
K'liM-l.  in  Kidle  and  Wassi-ntinmiM  ''Iliindbiieli  der  MikroorganlBmen,"  Bd.  i  ,  ii  841 
Rild. 

'  WUmii&m\  Chuiniiiifi  .lour.  Iiifec.  I>is..  vol.  i.,  p.  31,  1808. 
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IV.    iNFUaOKIA, 


The  infusoria  ai'e  the  most  liiglilj-  difl'ei-eiit iatetl  of  Hie  protozoa.  They 
have  muueroiis  molor  upiteiidiigcK  or  cilia,  which  may  persist  throagh 
life  or  iu  some  forms  lie  replaced  in  the  adult  stage  by  tsuctoria.  They 
reproduce  chiefly  hy  fissitm,  or  biiddir.g.  Among  the  ciliated  infu- 
twria,  few  if  auy  aru  patliogeuic  in  man.     The  Jititantidium  caU  is  an 


ovoiditi  ot^iii»m  from  0.06  tu  0.1  mm.  long;  it  is  a  common  parasite  of 
swine  in  uome  regions,  and  ha.s  been  found  a  few  times  in  the  intestinal 
tract  of  man  under  conditions  which  indicated  its  possible  pathogenic 
significance. 

Methods  of  Study  of  th.e  Protozoa. 

Tlie  protozoa  may  be  studk-il  iu  ilic  living  comliticm  ciilitr  iu  tlic  fluids  In  nliicli 
tliey  arc  found  or  in  tliree-t[uarter-per-ceiit  salt  sfiliitioii,  Tiiey  miiy  lie  killed  and  prc- 
fiervnl  by  allowing  a  drop  of  onr-per-ccnt  oHmic  urid  to  run  under  tiic  corcr  gtasH.  tmil 
rcpliicing  ibia  after  an  bour  by  glycerin  lightly  tinged  witb  toein.  Or  tlicy  may  lie 
kil1e<)  by  Hublimate  solution  ami  stained. 

Jlany  of  llie  anialler  tomis  sliow  well  when  ilritnl  on  tlie  cover  glass  and  staincii  by 
tlie  aniiin  dyes  by  the  methods  used  for  ba<:teria  (see  p.  152). 

The  movemcDte  of  tlie  Am(eliaco1i  in  tlic  fn'ccs  or  in  tlie  eou tents  of  alisceiuies 
whicli  frciiueuUy  conlaiu  tliem  iu  enormous  uuniberB,  may  be  sturtiwl  on  tlie  warui 
stage  in  tliree-({uartc'r-per-cent  salt  siihillon.  Its  morphology  may  l>c  studied  in  tissue 
(•untahiing  it,  audi  as  intestinal  uk-ers,  abscesses,  eti'..  which  liuve  liceu  hardened  in 
ulcotiol  and  stained  citiicr  with  inelliyletie  iilue  or  hieuiato\yliii,  tlie  foniier  bciug  espe 
cially  commended  by  Councilman  and  Lafleur. 

Tile  alteiupts  to  obtain  pure  cultures  of  cetluiu  foiins  of  Anio'ba  and  siniilur  or 
lillied  forma  of  proIoKoa  have  been  ]>artially  successful.  The  method  by  whicli  McNeivl 
anil  >>'ovy  obtained  pure  culture  of  trypanosomes,  namely,  by  the  use  of  ordinary  luitri- 
ent  agar  containing  rabbits'  blood.  Is  of  liigli  promise  in  related  forms  of  |)rotozoa.  Fur 
details  of  this  method  as  well  ex  a  resume  of  the  cultivation  of  protozoa,  consult  MrXenl 
and  3'vry,  "Contributions  In  .Meiliciil  Hesearcli,  Vaughan  Aimlversary  Volume,"  1903. 
p.  MB. 


Worms. 
TBEUATODA  (Fliikf*). 

These  worms  are  small.   Hat,  tongue-shaped,  or  leaf-like  creatures, 
with  an  intestine,  and  a  discoidnl  structure  on  the  under  surface,  by 
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means  of  which  they  attach  themselves.     There  are  several  genera  aiid 

species  found  in  man.     The  most  common  gemis  is  DiMovia.     Of  these 

B.  hepaticum  is  of  most  frequent  occurrence  {Fig.  57).      It  is  about  30 

mm.  long,  and  usually  occnrs  Id  the  gall  ducts  aud  gall  bladder.     The 

embryos  are  often  attached   to  water  plants,   from  eating  which   the 

infection  is  believed  to  occur.     D.  JanceoUttum  is  more  slender,  poiat«d 

at  the  ends,  8  to  10  mm.  long,   and  has  been 

found  a  few  times  in  the  gall  bladder      B.  sinenae 

is  a  slender  worm  about  15  mm.   long,  and  has 

been   found    Ju  the   bile  in  considerable   num 

bers,   particularly  in  the  Chinese.     P.  htnnato 

bium  is  a  more   nearly  cylindrical    worm,   the  "" 

sexes  are  distinct;  the  male  from   12  to  14  inm   long,  the  female  16  to 

18  mm.  long,   and  occurs,  especially  hi  Egyptians,  in  the  portal  aud 

other  abdomiual  veins. 


CESTODA  {7'ape  Wonnt). 

These  important  worms  consist,  in  the  mature  state,  of  more  or  less 
rectangular  or  elongated  segmeuts,  each  one  of  which  repi-eeents  a  single 
individual,  arranged  iu  a  linear  series  to  form  a  colony,  at  one  end  of 
which,  called  the  head,  is  a  variously  formed  structure  for  the  attach- 
ment of  the  colony  to  its  host.     The  neck  and 
head  are  called  the  scolex,  while  the  segmeuts 
arc  called  proglottides.      These  worms   have 
neither  mouth  nor  alimentary  canal.     They 
are  hermaphrodites,  the  sexes  being  united  in 
the  proglottides.     The  head  and  neck  (scolex) 
may  exist  as  an  immature  form  in  various  tis- 
sues and  organs  where  they  are  encysted,  and 
are  often  called  cysticercus. 

Twnia  soUum  is  of  frequent  occurrence  in 
man.  It  nmy  be  several  metres  in  length,  aud 
may  be  coiled  up  or  stretched  out  iu  the  small 
intestines.  Several  worms  may  be  in  the  gut 
at  one  time.  The  head,  about  the  size  of  a 
pin's  head  (Fig.  58),  has  a  projecting  probos- 
cis or  i-ostellnin,  around  which  are  arranged 
a  double  row  of  horny  booklets.  Below  these 
are  four  sucking  discs  at  the  sides  of  the  head. 
The  booklets  of  the  anterior  row  are  larger 
F     w  -H  T    ■  than  tlio.se  in  the  posterior  row,  aud  are  from 

^^"i^i'^jtw!"" '*''"'*''     0.16  to  0.18  mm.   long.      The  pmgloti ides, 
when  fully  developed,  are  from  10  to  12  mm. 
long  and  from  5  to  6  mm.  wide,  but  those  neaiest  the  head  are  much 
shorter  and  immature.     The  eggs  of  T.  solium  are  ovoidal  structures, 
about  0,03  mm.  iu  diameter.     The  embryo  of  this  wonu  is  most  cjjiu- 
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inouly  seeu  in  the  muscles  of  the  pig  as  an  eucysted  scolex,  commonly 

called  a  "measle."     It  occasionally  occurs  iu  man  in  the  muscles,  brain, 

eye,  etc.,  and  is  called  cysticercm  cellulosa;.     It  is  usually  about  the  size 

of  a  pea,  but  may  be  as  large 

as  a  pigeon's  egg  and  surround- 

•  ed  by  a  connective-tissue  eap- 

1  sule. 

\'  Infectiou   with    the    worm 

I         occurs  in  the  human    subject 
I         from  the    ingestion    of  insuf- 

Jficiently  cooked  "measly" 
pork,  or,  in  the  case  of  cysti- 
cercus  cellulose,  from  the  in- 
gestion of  the  eggs,  which  may, 
in  a  variety  of  ways  in  un- 
cleanly persons,  get  into  the 
food. 

TfeiiM  mediocatteUata  (T. 
no.  ».— T^NiA  MMKK-*!(iii,LiTA.  H«*n  AND  PRO-  saffitt^fo  Leuckart).  — Thc 
head  of  this  spei'ies  is  some- 
what cuboidal,  with  neither  ros- 
tellum  nor  booklets,  but  with 
four  sucking  discs  (Pig.  59). 
The  .segments  are  genemlly  broader  aud  shorter  than  iu  T.  solium,  aud 
the  worm  is  usually  larger.  In  the  embryonal  fonii  the  scoles  occurs 
as  the  Ci/glieejcus  twniw  mediocaneUaUE  in  the  form  of  small  cysts  in  the 
muscles  of  cattle,  from  the  eating  of  which  in  the  uncooked  condition 
the  infection  occurs.  This  is  the  most  common  tapeworm  iu  the  United 
States. 

Tamia  echinococcm. — This  worm  in  the  mature  condition  forms  a 
short,  small  colony  inhabiting  the  intestine  of  the  dog.  Tlie  head  is 
about  0.3  mm.  in  diameter  and 
has  a  double  row  of  booklets 
around  the  rostellum.  The  pro- 
glottides aiv  three  or  four  in 
uumber,  the  hist  being  the  larger. 
The  entire  colony  is  not  more 
than  4  lo  5  mm.  in  length. 
The  significance  of  this  parasite 
in  human  pathologj-  depends 
upon  the  cj'sts,  called  hydatids, 
■which  it  forms,  in  the  immature 

or  cysticercus  stage,  in  various  parts  of  the  body.  Intimate  i 
tion  with  dogs  favors  the  acquirement  of  this  parasite.  When  the  eggs 
of  the  mature  worm  get  into  the  intestinal  canal  of  man  they  undergo 
partial  development  and  find  their  way  into  the  tissues  and  orgjins, 
moet  frequently  into  the  liver.     Here  cysts  are  formed  which  become 
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encapsulated  by  a  coQue<^tive-l issue  membrance  produced  by  the  iuflatu- 
matory  I'eaction  of  the  organ. 

The  oyst  wall  of  the  parasite  is  formed  of  two  layers — an  outer,  fiu«ly 
lamellated  layer  called  the  cvticula  (Fig.  60),  and  an  inner,  granular 
layer,  contaiuing  muscle  fibres  and  blood-vessels,  called  the  parenchyma- 
tous layer.  Inside  of  the  primary 
cyst  secondary  cyats  sometimes 
form,  called  daughter  cyMa,  and 
within  the  latter  tertiary  cysts, 
called  granddaughter  cysts,  may  de- 
velop. On  the  inner  surface  of  the 
cysts,  either  primarj-,  secondary, 
or  tertiary,  the  seolices  or  heads 
of  the  immatHre  worm  are  formed. 
These  de\'elop  in  the  walls  of  the 
pediculated  vesicles  called  brood 
eapsulcH.  The  walls  of  these  vesi- 
cles have  a  lamellated  cuticula  and 

a  parenchymatous  layer  similar  to  '"'■  w--s«>i-ick3  or  t*ni» 
those  of  the  primary  cysts.  The  '"  °°^  "^ 
scolices,  of  which  thei^e  may  be 
several  in  each  brood  capsule,  are  similar  to  the  hesuis  of  the  mature 
tapeworm.  They  are  about  0.:i  nun.  in  diameter,  having  a  rostelliuu 
surrounded  by  a  double  row  of  booklets  and  four  sucking  discs  (Fig. 
61).  At  the  posterior  end  of  the  scolex  is  a  i^dicle  by  which  it  is 
origiually  attached  to  the  wall  of  the  brood  cai>Kule.  Little,  lamellated 
concretions  of  lime  salts  are  often  present  in  the  soolex.  The  anterior 
portion  of  the  scolex,  the  rostellum,  booklets,  and  suckers,  are  often 
in^aginated  in  the  posterior  portion.  The  scolices  may  be  free  inside 
of  the  brood  capsules,  or,  owing  to  the  rupture  of  the  latter,  they  may 
t)e  free  in  the  cavity  of  the  primary  cysts.  They  may  die  and  degen- 
erate, forming  a  granular  mjiss  iu  which  the  booklets  may  be  embeddeil, 
or  the  booklets  may  be  free  in  the  brood  capsules  or  in  the  primaiy 
cysts.  Sterile  cysts  are  often  found,  that 
is,  thoMt  in  which  neither  brood  capsules 
nor  scolices  are  developed. 

The  cysts  contain,  in  addition  to  the 
scolices,  a  clear,  gelatinous  fluid.  This 
fluid  may  become  turbid  by  adniixtun- 
with  disintegmted  scolices  or  fi'agments 
of  the  parenchymatous  layer,  or  it  ma,\- 
contaiii  fattv  detritus,  choiesterin  ciTstals, 

Fro.   nS.— H0OK1.ETS    from    SCOLEX    of  ,  _.-    1  '         J  ..  1.  rni.      a     -J 

T.KMA  ECfHixofotiis.  aud  paHicles  of  nme  salts.     The  fluid  may 

be    partially    absorbed,    leaving  a  thick. 

grumous  material  within  the   cysts,   which   may   become  calcified  or 

converted  into  a   stony  mass.     When  the  scolices  are  not  found  entire 

the  iliaguosis  may  be  made  by  the  discovery  of  the  separate  booklets 
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(Fig.  62)  or  fragments  of  the  characteristically  laiuellated  cyst  walls. 
The  connective-tissue  walls  of  the  primary  cysts  may  become  fatty,  oi- 
caseous,  or  calcified. 

Sometimes  the  secondary  vesicles  project  outward  instead  of  inward, 
forming  a  series  of  cysts  outside  of  the  primary  one.  This  variety  of  de- 
velopment is  sometimes  seen  in  mau,  but  is  more  common  in  the  domestic 
animals.     It  is  called  Eckinoccocus  scoleciparietis  or  exogena. 

Another  variety  of  echinococcus,  called  E.  muUilocidarts,  is  almost 
always  found  in  the  liver,  and  appears  to  be  the  result  of  incomplete 
and  disturbed  development  of  the  embryos  or  cysts.  It  consists  of  a 
crongeries  of  irregolar,  usually  small  cyst8(Fig.3t2,  page  609),  surrounded 
by  broad  and  narrow  bands  of  connective  tissue,  and  sometimes  contain- 
ing gelatinous  fluid  and  scolices  or  booklets;  but  the  latter  structiii-es 
are  commonly  absent  or  difficult  of  detei^tioM.  The  whole  is  often  sur- 
rounded by  a  dense  connective-tissue  capsule  which  may  be  calcified. 
The  entire  mass  often  presents  an  alveolar  structure  and  was  formerly 
regarded  as  a  tumor — alveolai*  cancer.  The  diagnosis  may  be  established 
by  the  discovery  of  the  hooklets  or  scolices,  or  fragments  of  the  lamel- 
lated  cuticnla.     This  form  of  the  parasite  is  rare  in  America. 

There  arc  four  or  five  other  ap«<.'ii.'H  of  tttnia.  occiirriDg  rarely  in  man. 

Tanin  nana. — Tliia  spt-cien  occurs  in  tlie  form  of  small  colonies,  about  15  mm.  in 
length.  The  rostelliim  is  suirouDded  by  a  single  row  of  liooklcls.  It  has  been  seen 
once  in  large  numbers  by  Billiarz  in  the  duodenum  of  a  cliiki  wliicli  died  of  meningitis 
in  Cairo.  Tiriiia  Jlaa/puaeC/tln.  a  species  about  which  liltle  is  known,  is  rc|)orted  twire 
in  AmericB  as  occurring  En  the  inteHtine  of  young  cliildren,  Tirniii  ma^gii»earifiigi», 
Also  liltle  known  and  rare,  ba-s  tK'cn  seen  in  two  children  in  Madagascar. 

TiTiiia  eaeii/iierinii. — This  species  occurs  in  colonics  about  20  cm,  long.  The  liead 
is  very  small  and  spheroidal,  and  lius  four  rows  of  hookleLs.  It  is  frequent  in  tile 
amall  iniestlni'S  of  dogs  and  cats.  It  occurs  occasionally  in  man.  Itsscolex  inhabits  the 
dog  louse,  and  infection  may  occur  in  man  by  the  tmusfercnceof  the  lice  or  tlic  embryos 
of  the  parasite  to  tlie  mouth,  us  ihe  result  of  the  fllttiy  habit  of  kissing  dogs  and  rats  or 
permitting  the  face  to  be  licked  by  them. 

Diithriacfphalut  &(('/*.— This,  the  largest  of  tlie  human  tapeworms,  has  very  broad. 
quadrangular  proglottides,  Tlie  head  is  ovoidul  ami  aliout  2  mm.  long  and  I  nmi. 
broad.  It  has  no  proper  sucking  discs  an<1  no  hooklels.  but  by  long  grrxives  ou  either 
side  of  the  head  the  animal  attaches  ilself  to  its  host.  The  neek  is  long  and  filiform. 
It  occurs  most  frequently  in  Europe,  particularly  in  the  northern  provinces.  The  eggs 
undergo  partial  development  in  waler,  and  are  taken  tip  by  the  pike  an<l  eel-pout,  and 
perhaps  by  other  freshwater  lisli,  from  llie  ingestion  of  wiiosc  flcJtli  in  au  imperfectly 
cooked  condition  the  human  infection  occurs,  Twoolher  species  of  Bothrioceplmlus 
have  been  described  as  of  rare  occurrence  in  man :  13.  eordatua  in  Greenland  and  Iceland. 
and  B.  rrittatut. 

HBHATODA  (Round   Ifrnnn). 

These  worms  are  in  general  cylindrical,  elongated,  usually  pointetl  at 
the  ends,  and  sometimes  filiform.  The  surface  is  sometimes  smooth, 
fiometimes  irregularly  beset  with  hairs  an<l  papilla>,  or  possess«>»  longi- 
tudinal elevated  strife  or  transverse  rings;  bnt  the  body  is  not  segmented. 
There  is  a  month  at  the  anterior  portion,  and  a  ventral  anus  near  the 
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posterior  end.     The  iutestine  JB  straight     The  sexes  are  in  most  forms 
distinct,  the  male  beiug  iu  general  smaller  than  the  female. 

Ascaris  lumbricoidea. — This  is  one  of  the  most  common  of  the  homau 
intestinal  parasites,  and  Js  of  pari:icularly  frequent  occurrence  in  chil- 


Fia.  at.—  Kaaa  or  Nehatodk  Worms. 


Female,    After  Poll. 

dren.  It  is  of  a  light-brownish  or  reddish  color.  The  female  is  from  30 
to  40  cm.  long  and  from  5  to  6  mm.  thick.  The  male  is  somewhat  more 
than  half  as  lai^  (fig-  63).  Both  sexes  are  pointed  at  the  ends,  the 
posterior  end  of  the  male  being 
curved  into  a  spined  hook.  The 
^gs,  from  0.05  to  0.06  mm.  in 
diameter,  are  surrounded  by  an 
albuminous  envelope  (Fig.  64  A) 
and  are  quite  resistant  to  destruc- 
tive agencies.  The  mode  of  de- 
velopment and  life  history  of  these 
parasites  are  not  very  well  uuder- 
stood.  Their  usual  seat  in  man  is 
the  small  intestine,  but  they  may 
wander  into  the  stomach,  and  es-  ■' 
ceptionally  get  into  the  mouth, 
nose,  bronchi,  gall  passages,  peritoneal  cavity,  etc.  They  may  be  single 
in  the  gut  or  piesent  in  great  numbers. 

Two  other  species  of  ascaris  have  been  found  in  man.     A.  marUima 
was  found  in  the  vomit  of  a  child  in  Greenland,  in  an 
immature  condition.     A.   mygtax,  a  tolerably   common 
■  form  in  cats  and  dogs,  has  been  found  a  few  times  in 

I  man.     It  is  smaller  than  A.  lumbricoides. 

&  Ojpyuris   vermicularia  (Threadworm   or  Pinworm). — 

\  This  species  is  very  small ;  the  female  has  a  pointed  tail 
and  is  about  1  cm.  long.  The  posterior  end  of  the  male, 
which  is  about  4  mm.  long,  is  blunt,  and  after  death 
E  somewhat  curled  (Fig.  65).  The  eggs  {Fig,  64  if)  are 
produced  in  great  numbers,  are  oval,  and  about  0.052 
mm.  long.  This  parasite  is  very  common  in  children, 
and  may  be  present  iu  large  numbers  in  the  colon. 
This  worm  is  known  to  infest  only  the  human  subject,  and  infection 
doubtless  occurs  by  the  ingestion  of  the  eggs,  which  aie  widely  dis- 
tributed in  a  variety  of  ways  on  nmny  objects,  fruits,  etc. 


FlO.  BB.— (UTLHi 


A,  Female.  B,  Hale. 
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IStrou^M  giffot. — ^This  is  a  slender  red  worm,  the  female  being  some- 
times 1  metre  long  and  over  1  cm.  in  diameter.  It  has  been  found 
several  times  in  the  pelvis  of  the  kidney  io  man.  It  is  more  common  in 
the  wolf,  fox,  horse,  seat,  and  some  other  animals. 

Strongylug  Uniffcvaffinatvs. — The  female  is  about  2.5  cm.  long,  the  male, 
an  usual,  shorter.  It  is  of  a  yellowish-white  color,  and  has  been  found 
once  in  the  lung  of  a  boy  in  Germany. 

Strongtfiiu  gubtilis. — A  very  small  species  (female  5.6-7  mm.  long)  has 
been  described  by  Ijoos  as  occurring  in  I^pt  in  the  human  intestine. 
But  it  is  believed  to  be  without  patholc^ical  significance. 

Doehmiux  ditodenalis  ( Ankylostoma  duodenaJe). — The  female  is  from 
1  to  2  cm.  long,  the  male  about  1  cm.  long.  The  body  of  the  male  is 
dilated  anteriorly  and  curved  backward.  Its  mouth  is  furnished  with 
a  chitinons  capsule  and  chitinous  claws  and  teeth.  It  is  found  in  the 
small  intestine  of  man  in  Italy,  Switzerland,  I^pt,  and  Brazil.  The 
head  is  burrowed  into  the  raucous  membrane  of  the  host,  and  the  animal 
is  nourished  by  the  blood  which  it  sucks  out,  and  which  is  usually  seen 
in  its  intestine.  An  ecchyniosis  is  produced  at  the  point  of  attachment, 
or  e^en  severe  hsemorrhage,  and  marked  amemia  may  be  the  result  of 
the  presence  of  lai^  numbers  of  the  parasites. 

Trichocephalm  diipar  (Whipworm.) — ^Tlie  males  and  females  are  of 
iiesirly  etpial  si?*,  4  to  5  cm.  long.  A  little  less  than  one-half  of  the 
body  (the  posterior  portion)  is  about  1 
mm.  thick,  and  in  the  male  is  rolled  into 
a  flattened  spiral,  but  in  the  female  is  but 
slightly  bent.  The  anterior  part  of  the 
body  is  very  slender  (Fig.  66)  and  is  em- 
bedded in  the  mucous  membrane  of  the 
n«.*.-TR.cHoc«.H*tt«D.sr*R,       ^^^^       ^^  ^^    elongated,    ovaJ- 

rrom  tlie  akin  of  the  mona  venerU,  ,  ,         .^„„^  ,  ji.^ 

shaped,  about  0.05  mm.  long  and  about 
one-half  as  wide,  with  a  thick  brown  capsule.  This  parasite  is  vei"y 
common  in  some  countries,  especially  in  France  aud  southern  Italy.  It 
is  commonly  found  in  the  ctecum,  usually  in  small,  but  sometimes  in 
very  large,  numbers.  It  is  generally  of  little  pathological  significance, 
commonly  producing  no  sjTnptoms.  Its  developmental  historj'  is  not 
well  known. 

Trichina  spiralis. — The  female  of  this  common  parasite  is,  in  the  ma- 
ture condition,  about  3  mm.  long,  the  male  from  1  to  1.5  mm.  long;  they 
ai-e  filiform  in  shape  and  white  in  color.  The  young  are  born  in  the 
form  of  tiny  worms  about  0.01  mm.  iu  length  and  somewhat  similar  to 
the  adult  in  shape.  Infection  occurs  iu  man  from  the  ingestion  of  in- 
saflSciently  cooked  pork.  The  muscle  of  the  disesused  pig  contains  the 
embryos  of  the  parasite  in  an  encysted  condition.  In  the  stomach  the 
capsule  of  the  worm  is  dissolved  and  the  embryos  are  set  free.  They 
very  rapidly  mature,  increasing  in  size,  and  the  females  give  biith  in 
the  small  intestine  to  very  large  numbers  of  young.  It  is  estimated  that 
a  dngle  female  may  give  birth  to  from  1,300  to  1,500  young.    These  find 
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their  way,  through  the  mucous  membrane  aud  wall  of  the  gut,  into  vari- 
ous parts  of  the  body. 

The  exact  course  which  they  take  in  getting  out  of  the  gut  is  not  fully 
established;  probably  they  traverse  the  tissues  in  diffei'eut  ways.  At 
any  rale,  they  find  their  way 
to  the  \olHiitary  striated 
muscli!  tissue,  which  they 
penetmle,  aud  enter  tlic 
iiiiuK-lc  fibres.  Here  they 
cause  a  disiute^mtiou  of  the 
contnu'tile  substance,  and 
coil  themselves  inside  of  the 
sarcolemina.  In  this  situa- 
tion they  bwonie  encajwu- 
lated  by  uiateiial  in  part 
fiiruisheil  by  themselves,  in 
part  by  means  of  the  inflam- 
Fio.  nr.—TRicHiMi  BPiHALiE.  mafory  reaction  which  their 

The  paraiilus  are  fnrjMed  In  muiirlp.    In  one  capsule  tb«    presence  induces  in  the  COn- 
^r«ll«h«rtl«l.«idlh*Rnu,ul4rn,««tol  replaolng  Itta  ™l.    ,^^f,,^.^  tjfy^g  ^f  (he  mUSCle. 

The  womis  are  surrounded 
inside  the  oipsule  by  granular  matei'ial  (Fig.  6().  The  capsule  after 
a  time  becomes  jmrtially  calcified,  and  in  this  condition  may  be  readily 
seen  by  the  naked  eye  as  a  tiny  white  spet-k.  In  this  encysted  state  they 
may  remain  inactive  but  li\ing  for  an  indefinite,  often  for  a  verj-  long 
time.  Most  frequently  the  cysts  contain  but  one  embi-yo,  but  they  may 
contain  from  two  to  four.  The  embrjo  may  die  and  it.s  remains  become 
calcified. 

Tlie  Sivme  course  of  events  folbiws  when  the  muscle  trichinae  are  eaten 
by  the  pig  or  a  variety  of  other  animals. 

Tlie  embiyos  in  the  muscle  iire  killed  by  a  temperature  of  55°  C.  and 
by  some  of  the  methods  of  curing  pork. 

The  enibiyos  may  mature  and  a  new  generation  be  born  wilhin  from 
five  to  eight  days  sifter  the  ingestion  of  the  diseased  meat. 

At  the  result  of  the  presencf?  of  these  parasites  in  the  body,  if  the 
invasion  be  severe,  nutrition  iua,\'  lie  imi>aired  and  catarrhal  ententis, 
bronciio- pneumonia,  hypeiplasia  of  the  mesenteric  lymph  nodes,  and  fatty 
deg(^nei~<itioii  of  the  liver  may  occur.  Leucocytosis  with  a  great  increiuse 
in  the  nundter  of  eosinophilc  w-lls  is  common.  The  encapsulated  em- 
bryos may  be  found  in  enormous  numljers  in  various  voluiitaiy  muscles 
of  the  body,  but  they  are  most  ai)t  to  be  found,  when  not  very  abundant, 
in  the  muscles  of  the  neck  and  larynx,  in  the  iuteivostals  and  the  dia- 
phragm. They  tend  to  collect  toward  the  tendinous  extremities  of  the 
muscles.     Trichintc  also  occur  in  the  rat,  cat,  mouse,  and  other  animals. 

FilaHa  medinenin  (Guinea  wonn), — This  ik  a  thread-like  wonii;  the 
female,  which  is  alone  known,  being  sometimes  as  much  as  80  cm.  long 
and  from  0.5  to  1.7  mm.  thick.  It  is  common  in  the  East,  and  inhabits 
the  subcutaneous  connective  tissue,  in  which  it  often  gives  rise  to  ab- 
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scesses  aud  ulrers.  The  embryos  li\e  for  a  time  tt-w  in  l're«h  water,  and 
are  then  taken  up  by  a  species  of  freah-watei-  crustacean,  in  whose  body 
they  undergo  further  development,  and  by  the  iugestion  of  wliich  the 
infeetioQ  of  the  huniau  subject  ocoors. 

FUaria  mnffuinU  homini^. — The  embryoof  this  parasite,  which  inhabits 
the  blood  aud  lytnph  of  man,  esi»ecially  in  Brazil,  life'pt,  aud  some  parts 
^_^^^  of  the  Orient,  and  occasionally  occurs 

yv'^^^g^SE^^^^^^^"— '      iu   this  country,  is  about   0.'.i!>  unn. 
//\V  lougt  rounded  anteriorly,  and  pointed 

R^  at  the  tail  (Fig.  68).     It  has  about 

^""'^  the  diameter  of  a  red  blood  cell.     It 

''^' *  oi^'pSu^r^a  TBrBuiMi."^"""  occi"*.  sometimes  in  great  numbers, 
iu  the  blood  during  the  uight  time, 
being  as  a  rule  absent  during  the  day.  It  may  occur  in  the  urine  iu 
connection  with  chyluria  and  biematuria.  The  mature  female  is  from 
8  to  10  cm.  long,  and  has  beeu  found  inhabiting  the  lymph  vessels  of 
roan,  particularly  in  the  scrotum  aud  lower  extremities.  Owing  to  the 
obstructions  which  it  causes  in  the  lymph  circulation,  and  to  the  locjil 
irritation  which  its  presence  induces,  it  sometimes  gi\e  rise  to  lymph- 
angiectasia,'cedeina,  al)soesses,  and  perhai>s  elephantiasis.  One  of  the 
embrjonic  stages  of  development  is  believed  to  take  place  in  the  body 
of  a  species*  of  nocturual  mosquito.  Through  the  bodies  of  the  dead 
mosquitoes,  which  are  liable  to  fall  iulo  the  drinking-water,  it  is  believed 
that  the  spread  of  th#  parasite  may  occnr. 

There  are  several  other  species  of  filaria  occasionally  found  in  man 
which  it  is  not  necessary  to  enumerate  here.' 

Rhabdonemt  idrongyloideg. — A  small,  filiform  worm  from  1 1«  2  mm, 
in  length  is  found,  often  in  enormous  numbers,  in  the  intestines,  biliaiy 
and  pancreatic  ducts  of  man  in  Cochin  China  and  in  Italy,  giving  rise  to 
endemic  diarrhoea.  It  has  been  thought  that  there  are  at  least  two 
species,  which  ha*e  been  described  under  the  generic  name  Aguillula,  but 
recent  researches  by  Ijcuckart  have  led  him  to  believe  them  to  be  differ- 
ent developmental  stages  of  the  same  foini,  for  which  he  sn^iests  the 
above  name. 

Hethoda  of  8tud7  of  Worms. 

Filaria  sanguinis  may  he  pn-scrvcil  liy  prepuriiig  a  smeitr  of  the  blood  roiitaining 
it  oil  a  eWdv  io  the  usuhI  way  (sii:  p    il82),  aiu\  sluiiiiiig  nitli  metli.vlenc  blue. 

The  larger  parasiles  may  l)c  liardeudl  in  formuliD  aud  studied  wliole  afttr  deiiydrs' 
tion  ID  ul(-«ii<>t  ami  ch-aring  in  oil  of  n-Aur  iir  origanum.  Or  *.'Ctioti8  may  be  mudi-  after 
embedding.  Aud  stained  aud  mounlnt  in  liie  ubimI  way. 

TJie  c\a  ml  nation  of  muscle  for  Iricldualsoft^ii  of  great  practical  importauce.  For 
tliis  purpose  small  pii-ces  of  fresli  muscle  are  squeezed  into  u  Ihin  sheet  between  two 
slidi-s,  am)  examined  wilh  a  low  power  Acuusiderableoumbcrof  bits  of  muscle  should 
Ih-  examined,  partlcuhtrly  froni  tiie  above-men  tinned  iavoritc  situations,  before  exclud- 
ing then)  in  a  suspected  ease,  beeaiisi'  they  are  eomctinu'S  present  in  xmall  numbers.  A 
thorough  scHrcii  is  of  special  iniporlance  in  the  vxamhmtion  of  pork,  since,  owing  to 

'  For  a  at  tidy  of  fllarlal  lyniplmtie  varix  gee  Oitii-.'l'nm.  Assn.  Am.'Pliys.,  vol.  xvl., 
p.  814 

'  For  blbllognpliy  consult  IMhrop  luid  I'nitt.  Am.  Jour.  Mill.  Sciences,  roi.  cxx., 
p   Sa-l.  1900 
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1  moderate  number  may  give  rise  u>  a 


a  fertility  of  tlie  parasites,  e 
severe  infection. 

For  the  minute  exsmtnatioo  of  the  parasite,  bits  of  muscle  should  be  bardened  in 
Orth's  fluid  and  alcoliol,  decalcified  if  necessary,  and.  after  embedding  in  celloidiu.  tljjii 
sections  cut  Bud  Etiiinal. double  tfitb  litematoxylin  and  cosin,  and  mounted  in  lialsani. 
Bits  of  muscle  uiHy  be  also  leased,  the  embryos  picked  out  with  a  needle,  and  tbe  cysts 
either  broken  open  under  a  lens  with  the  needle,  or  squeezed  under  tbe  cover  glass. 
The  embryo  worm  thus  Bet  free  may  be  mounted  in  a  mixture  of  equal  parts  of  glycerin 
and  picric  acid.  The  adult  forms,  which  may  be  obtained  by  feeding  rabbits  with  tin 
cooked  tricbinous  muscle,  and  examining  after  the  proper  interval,  may  be  hardeaed  in 
Orth's  fluid,  and  mounted  in  a  mixture  of  equal  parts  of  picric  acid  and  glycerin,  or 
In  tbe  same  mixture  which  haa  been  lightly  tinged  with  eosin. 

Arthropods. 

The  scope  of  thia  work  does  oot  permit  us  to  enter  in  detail  iuto  the 
subject  of  external  parasites,  which  will  be  fouud  described  in  treatises 
on  diseases  of  tbe  skiu  or  in  the  general  works  on 
parasites  referred  to  below.  But,  owing  to  their 
frequent  occurrence  and  practical  importance,  we 
may  briefly  describe  two  of  the 
more  fcommon  forms  of  arthro- 
pods, the  "itch  insect"  and  the 
"louse." 

The  common  "itch  insect" 
—  Sarcoptf«  hominis  (Acams 
scaiiei)  is  shaped  somewhat 
like  a  turtle,  with  a  chitinous 
coxering,  and  presents  the  gen- 
eral appearance  seen  in  Fig. 
69.  The  female  is  about  0.45 
mm.  long,  tbe  male  a  little 
smaller. 
The  parasite  bores  little  tunnels  in  the  skin,  in  which  tbe  eggs  are  laid 
and  the  young  batched.  After  a  few  days  these  bore  fresh  channels  iu 
the  skin.  For  their  detection  a  bit  of  the  anperfieial  layer  of  the  skin  is 
snipped  ont  with  curved  sciswora,  dehydrated  and  cleared  up  with  oil  of 
cloves,  and  examined  under  a  low  power,  when  the  tunnels  and  the  para- 
sites, if  present,  will  be  readily  visible. 

Tbe  head  lonse,  Pedimlus  capitis,  is  from  1  to  2  mm.  long,  the  female 
being  slightly  the  lai^r.  The  general  appearance  of  the  insect  is  seen 
in  Fig.  70.' 

Uetbod  of  Study  of  Inaacts. 
These,  if  small,  may  be  cleared  in  turpentine  and  mounted  in  balsam,  or  sections 
may  be  cut  after  emt)edding  in  paraffin. 

'  Bibliograpkg, — Especially  to  be  recommended  for  detailed  description  of  human 
and  animal  parasiteais  the  small  work  of  .V'»;//ci.  "Traite  de  Paraaitologie,"  Paris,  1890. 

Consult  also,  especially  for  tlie  forms  of  vem  and  other  parts  of  animal  parasites 
which  may  be  found  in  the  excrela,  mn  Jiine/i,  HWf,  or  Simon,  or  other  works  on  clini- 
cal microscopy. 

The  Hcports  of  the  Bureau  of  Animal  Industry  cif  the  L'.  S.  Department  of  -Agri- 
culture contain  many  valuable  data  relating  to  animal  parasites  and  the  diseawa  of 
animals  in  the  United  States. 
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CHAPTER  VL 

PLANT  PARASITES. 

The  plant  parasitee  of  maa  belODg  among  the  simplest  of  living  or- 
f^anisms.  Three  distinct  groups  are  of  frequent  occurrence  in  or  upon 
the  body.     These  are : 

1.  Bacteria,  or  fission  fungi  (Schizomycetes). 

2.  YeagU,  or  yeast  fungi,  or  sprouting  fungi  (Blastomyeetes). 

3.  MouUU,  or  mould  fungi  (Hj-phomycetes). 

The  first  group,  the  bacteria,  is  of  the  greatest  significance,  because 
it  contains  organisms  which  are  very  fi'equently  the  excitants  of  serious 


MOBPHOLOGT,  PEtTSIOLOGT,  AKS  DISTBIBUTION. 

Bacteria  are  minute  unicellular  plants  devoid  of  chlorophyll,  multi- 
plying by  transverse  division  and  in  some  cases  preserving  the  species 
by  the  formation  of  spores. 

The  colorless,  sometimes  granular,  protoplasm  is  enclosed  by  a  mem- 

brane,  and  some  forms  are  surrounded  by  a  transparent  capsule.     Not 

infrequently  parts  of  the  protoplasm  appear  less 

tf^fi         ^^       dense  than  the  rest,  as  if  from  vacuolation,  and  a 

•^V        %C*    f*'*'  olJservers  have  claimed  to  deniousti-ate  in  cer- 

^^*  «^        tain  forms  a  nuclear  structure.     But  owing  to  their- 

#^^^^^^  minuteness,  studies  of  the  stnicture  of  the  proto- 

\       \    ^^^         plasm  of  bacteria  have  thus  far  led  to  but  meagre 

V     €  ^_j  results. 

\  J   r  Many  of  the   bacteria,    especially   bacilli  and 

spirilla,    less  frequently  the  cocci,   have  hairr like 

o  "BlCTrnT'cocCT"""     P'^^^sses  called  JtoffeUa  which  are  apparently  or- 

ciLLi.  AND  sp'imLu. "  gatts  of  locomotiou  (Pig.  72).     These  may  be  single 

or  in  tufts ;  may  be  at  one  or  at  both  ends  or  over 

the  general  surface.     Their  number  and  distribution  seem  sometimes  to 

be  characteristic  of  special  forms. 

FonuB  of  Bacteria.— The  various  forms  of  bacteria  may  be  grouped 
into  three  classes  (Fig.  71). 

1.  Spheroidal  bacteria. — Cocci  or  micrococci  (singular,  coccus,'  micro- 
coccus). 

'  The  term  miero-organmn  includes  all  of  these  fonns  of  minute  and  lowly  plaots. 
They  are  sometimes  spoken  of  collectively  as  gemi$  or  microbes. 
'Pronounced  Avif-ut,  plumi  itoit'-«t. 
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2.  Sod-like  bacteria. — Bacilli  (singular,  bacillus). 

3.  Spiral  bacteria. — Spirilla  (singular,  spinllum). 

All  straight  bacteria  which  have  oue  axis  longer  than  the  other  are 
called  bacilli,  even  though  the  form  is  oval  rather  thau  rod-like.  The 
ends  of  bacilli  may  be  square  or 
rounded,  and  in  stained  preparations 
in  some  cases  concave. 

While  the  cocci  elongate  a  little 
in  preparation  for  fission  and  in 
this  condition  present  a  slight  ir- 
regularity in  the  length  of  their 
axes,  and  thus  resemble  bacilli,  the 
complete  observation   of   their  life  f.o.  Ta.-B*cT™u  v 

cycle  nirely  permits  error  in  the  de- 
termination of  the   primar>'  group  to  which   a  given  micm-orgauism 
belongs. 

Some  bacteria  present  slight  modifications  of  the  fundamental  form 
in  certain  phases  of  their  growth  and  under  various  chemical  aud  physi- 
cal conditions.  Thus  some  of  the  cocci  after  division  are  slightly  flat- 
tened on  their  contiguous  sides — biscuit-shaped;  certain  bacilli  may 
bulge  slightly  in  the  middle— r/wsf rid! wwt  forms;  others  may  be  larger  at 
line  end  than  at  the  other — racket-shai>ed ;  bacilli  from  the  same  culture 
may  pi-esent  considerable  irn'gularities  in  breadth  and  especially  in 
length.  The  morphology  may  differ  somewhat  under  different  growth 
e^iiiditions.  But  thei^e  slight  \'iiriations  in  form  rarely  give  rise  to  serious 
difKculty  in  classification. 

When  the  conditions  of  life  ai-c  unfavorable  or  when  they  are  old, 
bacteria  may  contain  more  dci^pl>'  staining  granules  called  mi'taehrotnalic 
gramtii-H.  These  have  been  regaided  by  some  as  spores,  but  they  appear 
to  he  the  I'esulls  of  cytophiMini*-  degeneration.  The  less  degenerated 
portions  retain  the  stain. 

Filially,  when  bsK'teria  ai^  placed  under  conditions  unfavorable  for 

the  niaintenaiK-c  of  their  life  prcHitsses,  aud  when  they  are  dead,  they 

are  often   irregularly  swollen  and  contorted  or 

.-^   ^B  ^b     may  undergo  pariial  disintegration,  giving  rise 

^lli       A       j^r      to  what  ai'e  known  as  "rHcofuftoH  forms." 

f^S  While  all  bacteria  are  minute  there  is  among 

^F  them  considerable  diversity  in  size,  some  being 

'^  many  tunes  larger  than  others*. ' 

When  the  bacteria  are  about  to  multiplv  bv 

Fill.  ra.    -BAtTKRlA  WITM  CaI'-  .  - 

sn.ti.   (PTiKiiNKH'i.i'iia.)         nsNion  they  elongate,  a  dividing  septum  forms, 

they  become  constricted  at  a  right  angle  to  the 

axis  of  elongation,  and  finally  two  independent  organisms  arc  produced. 

The  multiplication  of  l>aeteria  by  fission  may,  when  the  conditions  are 

'  For  convviiicni't:  of  cxpn'ffilon  mi(:niai'i)| lists  ]iav[-  agreed  to  let  tlie  1etfa-r  p  stand 
fur  the  wokI  iiLieromlllimetrc,  wliirU  is  (ini'-tlii)usan(ilh  |)art  of  h  millimetre.  This  unit 
of  meiiKiin.'.  etiiial   to  iiboiit  ouu -twenty 'It re  tlioiisandth  of  uu  incli.  t>i  often  railed  a 
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favorable,  occur  so  rapidly  as  to  give  rise  within  a  few  hours  to  an  enor- 
mous number  of  new  individuals. 

lu  many  cases,  tlie  new  individuals  thus  developed  fall  apart  in  a 

form  identical  with  that  of  the  parent  cell.     In  some  species,  on  the 

other  hand,  the  new-formed  indi- 

,^  %  <#*^^*^%B-        vidmUs  are  prone  to  cling  together 

\  ^^  /■'V^Lw  \  fc     *''*'  B"'!!'**'"  or  less  tenacity,  thus 

^*X  •      )   3\  \j    giving  rise  to  growth  aggregates 

'  ^*i  which  are  more  or  less  character- 

JBf   B^  i^tic  (Fig.  74).     Thus  among  the 

45^  ^T*'^^5V  cocci  there  are  those  in  which  a 

,  ■•  l^^^'/  large  part  of  the  new  individuals 

Jf  cling   together    in   pain;.     These 

\.        cP  i.  \     .        forms  are   called    tliplococci.     In 

\N^y*^^  C|'     \      others  the  pairs  cling  t«^ether  in 

—  ^^^  ^X  Jf  %jr        longer  aggregates  or  chains.    Such 

J"^^  ^^  are  called  utreptoeocci. 

A  similar  occurrence  in  the 
bacilli  gives  rLse  to  diplobaeUli  aad 
slreptobaeiUi.  Some  of  the  spiral 
forms  are  due  to  the  close  junction 
end  to  end  of  oppositely  curveu 
segments.  Certain  long  thread-like  micro-organisms  closely  allied  to  the 
bacteria  are  called  leptotkrix. 

Certain  cocci  divide  in  two  directions  at  right  angles  to  each  other, 
giving  rise  to  four  cocci  clinging  together  and  Ijing  in  the  same  plane. 
These  are  called  tetrads  or  merian<^edia. 

Finally  cocci  may  divide  along  three  planes  at  right  angles  to  each 
other,  giving  rise  to  cuboidnl  packets  of  eight  germs  or  some  multiple  of 
this — such  growth  groui>s  are  called  aarriiui '  (Fig.  75). 

There  is  a  family  of  filamentous  or  branching  organisuiK  which  are 
often  spoken  of  as  potymorphom  or  higher  bnetei  la,  some  of  which  may 
indeed  be  links  between  the  bacteria  and  higher 
plant  forms.  Filamentous  bacteria  are  mote  or 
less  distinctly  s^mented,  and  the  segments  may  be 
enclosed  in  a  common  sheath.  The  modes  of  re 
production  and  a  certain  specialization  of  fnnction 
in  diflcrent  parts  of  the  filaments  which  is  fi-e 
queutly  present  indicate  affiliations  with  higher 
forms.  By  this  specialization  of  function  is  meant 
the  attachment  of  the  threads  at  one  end  to  the 
substance  on  which  they  grow,  and  the  formation 
at  the  free  ends  of  structures  which  appear  to  be 
concerned  in  the  reproduction.  Several  groups  of  these  organisms  have 
been  named,  bat  few  of  them  have  as  yet  been  adequately  studied.     The 

)r  Il'ss  abundant 
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groups  titreptoihrix,  dadothrix,  creiwtArvc,  leptotAHx  may  be  named. 
Among  these  the  streptothrix  is  of  most  significatice  here,  since  patho-, 
genie  forms  are  Itnown.  The  Stre^tkrix  aetinomyceg,  and  closely  related 
species,  and  the  lesions  which  they  induce,  will  be  described  later. 
There  are  many  reasons  for  the  belief  that  the  forms  called  straptothrix 
and  actinomyces  are  more  cloaely  related  to  the  moulds  than  to  the  bac- 
teria, but  the  scope  of  this  work  does  not  permit  the  discussion  of  the 
subject,  particularly  difficult  as  it  is  on  account  of  the  confusion  of 
terms  and  the  lack  of  suiBcieut  knowledge  of  the  life  history  of  the 
organisms  involved  (see  Actinomyces,  p.  223). 

Vuiatioiu  in  FormB. — Their  apparently  simple  structure  and  the  lowly 
position  which  bacteria  occupy  iu  the  scale  of  living  things  have  given 
rise  to  the  conjecture  that  marked  changes  in  form  within  the  limits  of 
the  primary  groups,  or  even  changes  from  one  primary  group  to  another, 
may  be  brought  about  by  alterations  in  environment,  food,  etc.  In  the 
early  days  of  the  exact  study  of  bacteria  this  belief  in  pleomorpkism  in 
bacteria  found  ready  currency.  But  the  more  exact  study  of  separate 
forms,  which  the  new  technique  has  made  possible,  has  led  to  the  general 
acceptance  of  the  view  tliat  variations  do  not  occur  except  within  com- 
paratively narrow  limits,  and  that  whatwe  are  accustomed  tocall  species 
of  bacteria  maintain  their  morphological  characteristics  with  tenacity 
under  the  most  varied  changes  in  environment,  even  though  these  persist 
through  the  countless  generations  which  may  pass  within  the  limits  of  a 
single  experiment.  The  physiological  characters  of  bacteria  are,  as  we 
shall  presently  see,  subject  to  wide  and  significant  variation,  but,  so  far 
as  we  can  now  see,  moMomorpfttsm  widely  if  not  exclusively  prevails. 

SpOTM. — Under  a  variety  of  conditions,  the  limitation  of  which  are 
not  very  well  understood,  new  bacteria  are  produced,  and  the  species  is 
perpetuated,  not  by  simple  division,  but  by  the  de- 
velopment of  spores.  The  most  common  mode  of 
spore  formation  is  called  etidogenous.  A  small,  shin- 
ing mass  makes  its  appearance  within  the  proto- 
plasm from  which  it  is  formed,  grows  more  and  more 
distinct,  and  finally  appears  as  a  sharply  defined 
spheroidal  or  oval,  strongly  refractile  coloriess  body  ""■  \bbk^''^' 
surrounded  by  a  limiting  membrane  (Fig,  76),  which  inebodiaoiuietttruu 
can  be  separately  stained  and  mav  remain  within  ""  •uined  mm  mMbr- 
.,  „,  -        -1.;^.  .-  lene  blue,  ibe  BponsiMUi 

the  cell  membrane  or  may  free  itself  by  degeneration     tnctoin. 
of  the  latter.     Endogenous  spore  formation  is  com- 
mon in  bacilli,  rare  in  spirilla  and  in  cocci.     The  spores  appear  to  be 
surrounded  by  a  dense  envelope,  and  are,  as  a  rule,  much  more  resistant 
to  deleterious  agencies,  such  as  heat,  drying,  chemicals,  etc.,  than  are 
the  vegetative  forms  of  the  bacteria  themselves. 

Vacuoles  iu  bacteria  are  often  mistaken  for  spores.  Spores,  when 
placed  under  favorable  conditions  in  the  presence  of  moisture  and  nutri- 
ment, swell,  become  less  refractile,  and  develop  into  the  usual  vegetative 
form.     The  actual  observation  of  this  transformation  is,  in  doubtful 
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cases,  the  only  absolnte  gnamntee  of  the  spore  nature  of  these  bodies, 
though  Btaining  methods  are  useful.  Auother  mode  of  spornlation — 
arthrogenoua — has  been  described,  but  its  nature  is  not  veil  understood. 

ConditioBB  of  Life,  Orowth,  and  Hvltiplication. — The  bacteria  require 
for  their  oatrition  carbon,  hydrogen,  oxygen,  and  nitrogen,  and  certain 
mineral  salts.  These  they  can  obtain  from  proteids  and  carbohydrates. 
Free  oxygen  is  necessary  for  the  growth  and  activities  of  some  forms  of 
bacteria  and  for  others  not. 

Those  bacteria  which  require  free  oxygen  are  called  aerobic.  Those 
which  do  not  grow  in  its  presence  are  called  anaerobic.  But  between 
these  extremes  there  are  forms  which  make  shift  to  grow  without  oxygen 
under  favorable  conditions,  though  they  make  use  of  it  when  present ; 
others  grow  in  ite  presence,  though  flourishing  best  in  its  absence :  these 
are  called /acuflo/ipe  aerobes  or  faeuliative  anaerobes,  in  distinction  from 
those  first  mentioned,  which  we  call  obligate  aerobes  or  anaerobes. 

Kitrogen  may  be  obtained  by  some  bacteria  from  inorganic  salts  of 
ammonia,  from  nitrites  and  nitrates.  Bacteria  grow  best  as  a  rule  in  an 
organic  food  medium,  especially  soluble  albuminous  material  which  is 
Deutral  or  slightly  alkaline.  Most  of  these  materials  are  rendered  avail- 
able as  food  by  the  action  of  enzymes — inverting,  sugar-splitting,  proteo- 
lytic, etc,  often  given  off  by  the  organisms  and  acting  upon  the  albu- 
minous materials. 

Bacteria  are  active  only  in  the  presence  of  moisture.  Wlieii  this  and 
other  conditions  favoring  their  activity  fail  tbey  do  not  necessarily  die, 
but  some  forms  may  remain,  either  as  spores  or  as  fully  developed  organ- 
isms, for  long  periods  dry  and  inert,  but  capable  of  resuming  their  ac- 
tivity whenever  they  are  again  restored  to  favorable  conditions. 

Some  bacteria  are  and  some  are  not  very  sensitive  to  changes  of  tem- 
perature. At  a  temperature  below  +  5°  C.  they  are  incapable  of  marked 
activity  or  proliferation.  At  -f  7°  C.  a  slow  growth  has  been  observed 
in  various  species.  Many  forms  may  remain  alive  for  long  periods  frozen 
in  ice,  while  some  are  not  killed  by  a  temperature  of  —250°  C.  As  the 
temperature  is  raised  their  activities  increase  up  to  a  certain  point.  It 
may  be  said  in  general  that  they  are  most  active  at  about  the  temper- 
ature of  the  body,  although  species  differ  considerably  in  this  respect. 
In  fluids  many  bacteria  are  killed  by  a  prolonged  exposure  to  a  temper- 
ature of  from  60°  to  70°  C.  or  even  less.  On  the  other  hand,  certain 
species  grow  at  a  temperature  of  from  60°  to  75°  O.  Such  are  called 
thermopkUic  bacteria.  When  dry  they  resist  much  higher  temperature 
than  when  moist.  All  known  bacteria,  save  a  few  very  invnluerable 
spore-forming  species,  are  killed  by  a  short  exposure  iu  the  presence 
of  moisture  to  a  temperature  of  100°  C.  The  spores  are,  as  a  rule,  more 
resistant  to  high  temperatures  than  the  bacteria  themselves,  some  having 
been  exposed,  dry,  to  a  temperature  of  140°  C.  without  destruction  of 
life.  Fluids  containing  the  spores  of  bacteria  which  resist  very  high  tem- 
peratures may  be  sterilizedby  boiling  for  a  short  time,  then  being  allowed 
to  stand  at  ordinary  temperatures  for  several  hours,  and  then  again  boil- 
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iiig;  this  process  beiti)^  repeateil  several  timeft.  In  tliisvay,  although 
the  spores  themselves  are  not  killed  by  the  heat,  the  ba<-teria  into  which, 
if  the  conditions  be  favorable,  they  develop  during  the  iuten-als  are 
killed,  so  that  tiiiallj'  the  medium  is  entirely  freed  from  both  living 
spores  and  adult  bacteria,  f^trong  light  is  in  general  inimical  to  the  life 
and  growth  of  bacteria,  and  by  direct  snulight  many  forms  are  readily 
killed.  Various  forms  of  electrieitj',  rapid  and  continued  vibration,  the 
actiou  of  radium,  etc.,  may  kill  bacteria. 

■otility. — 8<ime  ba<*teria  are  capable  of  performing  rapid  movements, 
others  are  not ;  and  the  same  form  may  be  at  one  time  motile  and  at 
another  immotile,  depending  upon  external  conditions.  Movement  is 
lai^ly  confined  to  the  rod-like  and  spiral  fonns,  hut  has  been  obser^'cd 
in  the  .spheroidal. 

It  has  been  shown  that  certain  of  the  motile  bacteria,  when  suspended 
in  fluids,  are  attracted  toward,  or  rei>elled  from,  dissolved  chemical  sub- 
stances. This  is  called  chemotaxis  (see  p.  Ill),  and  it  is  termed  positive 
or  negative  according  as  the  organisms  are  attracted  or  repelled. 

Oeimicides. — Certain  chemical  agents,  when  brought  into  contact  with 
bacteria,  greatly  reduce  their  activities  or  destroy  their  life  altogether; 
but  different  species  differ  greatly  in  their  capacity  of  resistance  to 
these  agents.  The  spores  of  certain  bacteria  are  eseei'dingly  resistant, 
much  more  so  than  the  iKictcria  themselves,  to  the  action  of  disinfecting 
agents.  Among  the  chemicjil  subistauces  commonly  used  as  disinfectants 
may  be  mentioned  formalin,  carbolic  acid,  and  especially  solutions  of 
corrosive  sublimate,  which  is  very  inimical  to  the  life  of  most  bacteria 
and  their  spores,  even  in  extremely  dilute  solutions. 

The  Distribation  and  Role  of  Bacteria  in  Nature ;  MetaboliBm,  etc — 
The  bacteria  play  a  very  important  role  in  nature  in  virtue  of  their  power 
of  feeding  upon  and  decomposing  dead  oi^nic  material.  A  part  of  the 
new  chemical  compounds  which  are  thus  formed  may  he  used  by  the  bac- 
teria for  the  purposes  of  their  own  nutrition  and  growth,  while  the  rest 
are  set  free  to  serve,  sooner  or  later,  as  food  for  other  forms  of  plants  or 
animals.  In  the  decompositions  which  are  bronglit  at>ont  in  tmture  by 
the  bacteria  those  compounds  of  nitrogen  and  carbon  dioxide  are  set  free 
which  are  essential  for  the  nutrition  of  the  higher  plants. 

Without  the  activities  of  liacteria,  life  could  not  be  long  maintained 
upon  the  earth,  since  the  nece-ssaiy  carbon,  hydri^en,  oxygen,  and  nitro- 
gen would  soon  be  permanently  locked  up  in  unavailable  form  in  organ- 
ized material.  Through  the  action  of  the  various  nitrifying  bacteria  in 
the  soil,  ammonia  is  decomposed  with  the  formation  of  water  and  lutroiis 
acid;  nitrous  is  converted  into  nitric  acid.  The  so-called  denitrifying 
bacteria  reduce  niti-ates  to  ammonia  and  to  nitrites.  In  these  wajs, 
among  others,  water  percolating  through  the  soil  may  be  freed  from 
objectionable  organic  compounds.  There  are  certain  soil  bacteria  which 
aid  special  groups  of  plants  to  fix  nitrogen  from  the  surrounding  media 
and  make  it  aviiilable  for  the  uses  of  the  plant.  A  large  numl)erof 
complex  chemical  substances  are  elaborated  during  the  growth  of  bac- 
teria, their  nature  varying  with  the  sjwcics  of  bacteria  and  the  compost- 
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tion  of  their  autrient  material.  Sooie  of  the  chemical  compoiiDds  set  free 
by  the  growiug  bacteria  are  bad-Bmelling  or  aromatic;  some  are  inert  and 
harmless  substaaces;  some  are  powerful  poisous,  and  may,  when  they 
have  accnniulated  in  the  flnlds  where  they  grow,  inhibit  activity  and 
growth  or  even  deatroy  the  bacteria  which  have  produced  them. 

Fermentations  and  putrefactions  are  due  to  the  activities  of  micro- 
oi^anisms,  some  to  bacteria,  some  to  yeasts,  some  t«  moulds.  Putrefac- 
tion is  a  fonu  of  fermcntatiou  in  which  nitrogenons  compounds  are 
decomposed  by  micro-organisms  setting  fi'ee,  especially  iu  the  absence  of 
oxygen,  bad-smelling  substances. 

Bacteria  which  induce  fermentation  are  called  zymogenie — and  each 
8i>ecie8  induces  fermentation  of  a  particular  character  in  the  presence  of 
a  special  substance,  as  gl  ncose,  or  members  of  a  certain  class  of  substances 
such  as  carbohydrates.  Some  of  these  fermentations  are  important  iu  the 
arts;  some  are  conce rued  in  the  changes  which  food  products  uudergo 
under  natural  or  artificial  couditious,  such  as  the  development  of 
koumyss  from  milk  aud  the  common  butyric,  lactic,  alcoholic,  and  other 
fermentations. 

The  chemical  changes  which  are  induced  by  micro-organisms  in  the 
process  of  fermentation  are  extremely  complex  and  little  understood. 

Bacteria  may  develop  in  their  metabolic  activities  soluble  ferments 
or  enzymes  of  various  kinds  resembling  diastase,  pepsin,  trypsin,  rennet, 
etc.  These  may  remain  iu  the  bacterial  cell  or  may  be  diffused  into  the 
surrounding  media. 

Many  bacteria  form  pigments  as  they  grow  {ckromogeiite  bacteria). 
This  pigment  may  be  developed  in  or  upon  the  germs  themselves  or  may 
be  difiFused  through  the  surrounding  media  and  may  be  developed  only 
iu  the  presence  of  light,  oxygeu,  etc.  Gas-produciug  bacteria  are  called 
aerogenic.  Certain  species  wheu  growiug  in  masses  emit  a  phosphor- 
escent light — ^pAotoffCTjic  bacteria. 

Certain  of  the  basic  chemical  compouuds  resembling  the  vegetable 
alkaloids,  which  are  formed  by  the  actiou  of  bacteria  in  organic  matter, 
are  called  ptomalm. '  The  chemical  substances  produced  by  certain  forms 
of  bacteria  are  of  practical  importance  because  they  induce  deleterious 
effects  iu  many  of  the  infectious  diseases;  these  are  called  tOTins.  Com- 
plex proteid  bodies  may  be  produced  during  the  growth  of  bacteria; 
these  may  be  in  pait  set  fi'ee,  iu  part  assimilated  in  the  bacterial  cell 
protoplasm,  The-se  proteid  bodies  belong  in  part  to  the  albumins,  in 
part  to  the  albumoses,  while  some  of  them  resemble  the  peptons.  Many 
of  them  seem  to  be  most  potent  factors  in  the  induction  of  the  plie- 
uomeua  and  lesions  of  the  infectious  diseases.  The  poisonous  albumi- 
nous substances  produced  in  the  body  by  the  growth  of  certain  disease- 
producing  bacteria  are  called  toxalbtimim.  These  may  also  be  produced 
in  culture  media  by  certain  species. 

Bacteria  are  widely  distributed  in  the  air,  iu  water,  and  iu  the  super- 

'  LeHcomaliig  are  basic  products  produced  In  ttie  tissues  of  living  animals  by  cell 
metabolism. 
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ficial  layers  of  the  soil,  where  they  may  be  present  in  eDOrmoos  unmtors. 
They  are  especially  abundant  among  the  habitations  of  man,  or  wherever 
under  favorable  conditions  of  moisture  and  temperature  animal  or  vege- 
table substances  are  undergoing  decay.  They  cHug  tenaciously  to  moist 
surfaces,  but  when  dried,  and  especially  when  dried  upon  comminated 
material,  they  may  float  in  the  air  as  dust.  In  quiet  air  they  gradually 
settle  with  other  forms  of  dust  on  to  horizontal  surfaces,  and  thus  in 
closed,  still  rooms  the  bacteria-laden  air  may  in  a  few  hours  almost  wholly 
free  itself  of  its  living  contaminations  by  a  process  analc^ns  to  sedimen- 
tation in  water. 

This  widespread  transportation  of  bacteria  as  dost  by  moving  air,  and 
the  spontaneous  cleansing  of  the  latter  by  the  settlement  of  the  germs,  are 
important  factors  in  the  sanitary  problems  which  the  complex  conditions 
of  modem  life  present. 

While  bacteria  may  live  for  long  periods  in  the  dried  state  in  dust 
they  do  not  in  this  condition  multiply.  But  the  upper  three  or  four  feet 
of  the  soil  forms  the  great  abiding,  and  when  moist  the  breeding,  place 
of  the  myriads  of  germs  which  aj%  concerned  in  the  salutary  work  of 
food  preparation  for  higher  plants.  Large  numbers  of  mould  spores  are 
frequently  mingled  with  the  bacteiia  in  dust  and  soU. 

Surface  waters  almost  always  contain  bacteria,  which  may  have  en- 
tered by  aerial  dust  or  from  the  wash  of  adjacent  soil  or  from  direct 
humau  or  animal  contamination.  Many  bacteria  find  in  water  favorable 
conditions  of  life  and  flourish  on  what  to  other  forms  would  be  bnt  scanty 
nutriment.  Many  pathogeuic  bacteria  may  remain  alive  for  considerable 
periods  in  water,  but  they  do  not  usually  thrive  there. 

The  water  which  iu  mauy  places  lies  in  hollows  of  the  rocks,  bathing 
the  deeper  layers  of  the  soil  or  gathered  in  caverns  and  recesses  beneath, 
is  called  ground  icaUfr.  This  under  favorable  conditions  is  almost  wholly 
free  from  micro-organisms,  these,  through  the  complex  pi-ocess  of  filtra- 
tion, germ  metabolism,  etc,  which  go  on  in  the  upper  soil  layers,  ha%ing, 
together  with  inoi^uic  contaminations,  been  lai^ly  retained  or  trans- 
fonned  as  the  surface  water  has  slowly  sought  the  lower  levels. 

The  Belationsliip  of  Bacteria  to  Other  Living  Beings. — So  far  as  we 
know,  with  few  exceptions  the  bacteria  whose  natural  habitat  is  the  soil 
or  air  or  water  are  not  under  usual  conditious  harmful  to  man.  On  the 
other  hand,  it  is  germs  from  the  bodies  of  men  or  animals  who  are  the 
victims  of  infectious  disease,  gaining  access  in  one  way  or  another  to 
these  great  reservoirs  and  soui-ces  of  distribution,  which  occasionally  ren- 
der the  bacterial  flora  of  soil,  and  air,  and  water  of  direct  personal  sig- 
nificance to  mau. 

It  will  he  seen  from  what  has  been  said  about  bacteria  and  their  vari- 
ous modes  of  life  that  some  live  in  or  upon  and  at  tlie  expense  of  other 
living  beings — the  hosts — these  are  pamsiles.  Others  which  live  and 
grow  apart  from  a  living  host  are  called  saprophytes.  In  either  class  there 
are  forms  which,  through  the  capacity  of  adapting  themselves  to  their 
environment,  can  maintain  at  one  time  a  parasitic,  at  another  a  sapro- 
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phytic  life.  Snch  genus  are  called  respectively /a«iH<iKiie  parasites  or 
facultative  saprophytes.  Those,  on  the  other  hand,  wjiose  life  is  strictly 
limited  to  the  parasitic  or  saprophytic  condition  are  called  Migatory 
parasites  or  saprophytes. 

Not  all  the  bacteria  which  live  in  or  upon  the  bodies  of  men  and 
animals  are  in  the  stricter  sense  parasites.  The  terms  messmates  and 
commensals  have  been  applied  to  snch  danisms  as  simply  live  with,  but 
do  not  necessarily  derive  nutriment  from,  the  host^ 

In  some  cases  parasitic  life  on  the  part  of  the  micro-orgaiusm  may 
contribute  to  the  welfare  of  the  host.  This  is  the  case  in  some  bacteria 
which  live  upon  the  root^  of  certain  leguminous  plants,  and  to  whose 
nntrition  they  contribute  by  rendering  atmospheric  nitrf^n  directly 
available  for  the  host.     This  condition  of  life  is  called  symbiosis. 

Species  and  Tarieties. — As  has  already  been  indicated,  the  morpho- 
logical characters  of  bacteria  are  so  little  subject  to  permanent  variation 
under  the  widest  diversity  in  the  conditions  to  which  they  are  subject 
that  we  are  justified  in  the  belief  in  fixed  species.  But  so  susceptible  to 
external  condition  are  the  functional  activities  of  many  species  that  not 
only  is  the  occurrence  of  what  may  be  called  varieties  within  specific 
limits  frequent  nuder  natural  conditions,  but  more  or  less  permanent 
variations  may  be  experimentally  produced. 

Almost  all  of  the  functional  activities  of  bacteria  upon  which  we  rely 
as  descriptive  characters  may  be  experimentally  altered ;  thus  the  color- 
producing  capacity  may  be  diminished,  the  peptonizing  and  fermentative 
activities  lowered,  the  pathogenic  powers  reduced  or  exalted,  and  even 
the  capacity  for  spore  formation  may  be  abolished. 

These  more  or  less  i>ermanent  modifications  of  function  in  bacteria 
maybe  induced  by  artificial  cultivatiou  under  adverse  conditions  of  tem- 
perature and  nutrition,  by  the  presence  of  deleterious  chemical  agents, 
antiseptics,  etc.,  or  by  association  with  the  body  cells  and  juices  in  sus- 
ceptible or  insusceptible  animals. 

CLASSIFICATION'  OF  BACTEBIA. 

The  beginning  of  the  systematic  study  of  bacteria  by  exact  and  re-^ 
liable  methods  is  of  such  recent  date,  they  are  so  minute,  and  our  present 
optical  apparatus  reveals  so  few  differential  morphological  characters 
beyond  the  limits  of  the  three  primary  classes  ali-ejidy  mentioned,  and  so 
few  withal  of  the  many  existing  forms  have  as  yet  been  studied,  that  a 
satisfactory  classification  or  nomenclature  of  the  bacteria  is  not  yet  pos- 
sible. 

Outside  of  the  limit  of  the  primary  classes  above  described  and  based 
upon  the  shape,  we  are  obliged  to  use  for  the  puiposes  of  identification 
and  description  the  results  of  physiological  activities  which  the  special 
forms  of  bacteria  display  when  placed  under  diverse  and  usually  entirely 
artificial  conditions  of  food,  temperature,  and  general  environment.  It 
is  evident  from  this  condition  of  affairs  that  what  in  our  attempts  at 


Digitized  by  Google 


152  PLANT   PABASITES. 

classifications  we  are  wout  to  eaJl  genera  and  species,  are  not  such  in  the 
strict  sense  in  which  these  terms  are  used  in  other  domains  of  biologj-. 
That  which  corresponds  to  the  generic  name  in  the  more  exact  vocab- 
ularies is  in  ours  usually  the  growth  form  which  indicates  the  primary 
class  to  which  the  germ  t>eloDgs,  as  coccus,  bacillus,  or  spirillum,  or  some 
growth  modification  of  this,  as  diplococcus,  streptococcus,  streptobacillus, 
and  the  like.  To  this  is  usually  appended  a  more  or  less  distinctive 
specific  name,  which  ordinarily  indicates  some  noteworthy  physiological 
capacity  of  the  genu,  such  as  its  peptonizing  power,  the  pigment  which 
it  elaborates,  some  prominent  chemical  reaction  which  it  initiates,  some 
marked  effect  npon  an  artificial  culture  medium,  its  disease-producing 
power  in  men  or  animals,  or  some  fact  about  its  habitat,  or  the  sitnation 
in  which  it  was  found.  All  of  these  and  other  heterogeneous  character- 
istics, largely  functional,  which  may  be  developed  under  natural  or  arti- 
ficial conditions,  constitute  data  in  the  life  history  of  germs  npon  which 
the  classification  and  nomenclature  of  bacteria  are  at  present  based. 

As  examples  of  names  of  bacteria  thus  acri\'ed  may  be  cited  Mi<ro- 
C0CCU8  lut^us,  Diplococms  (anceotatits,  Saicina  ventnculi,  Bacillm  acidi  lac- 
tici,  Spirillum  cholerm  A^tir,<e. 

Notwithstanding  the  value  of  this  principle  of  grouping  and  nomen- 
clature, its  inadequacy  e^en  for  temporary  use  is  becoming  painfully 
evident  as  research  proceeds,  partly  because  of  the  large  variations  to 
which  physiolf^cal  activities  are  liable,  and  partly  because  we  cannot 
sharply  distinguish  between  i-aces,  \'aiieties,  and  species. 

It  is  not  yet  possible  to  say  whether  it  will  ever  be  practicable  iu  this 
limited  field  of  lowly  life  to  draw  such  exact  distinctions  between  genera 
and  species  as  is  possible  among  higher  oiganisms. 

H ethoda  of  Horptaological  Study  of  Bacterid. 

Tlie  simplest  niodu  at  Ktailyiug  bactorin  is  to  (.'xauiinc  them  citlier  in  the  fluids  io 
which  they  grow  or  in  ono-lialf-pcr-ceut  salt  solution.  For  the  study  of  many  of  the 
plienoraeua  of  life  this  mellKKl  is  imporlimt. 

Tiiia  may  be  ai-complisiicd  by  the  examination  of  a  thin  layer  of  the  fluid  uudt-r  a 
cover  slip,  in  the  usual  way;  or  a  small  drop  may  be  placed  ou  the  cover  slip  and  this 
invcrtc-d  on  a  hollow  slide  so  that  the  observaliun  is  made  in  the  hanging  drop.  A 
streak  of  vaseliti  painted  aroimd  the  edge  of  the  cover  will  prevent  evaporation  of  the 
tluid. 

Staimnu. — By  far  the  most  imptirtant  aid  in  the  morphological  study  of  the  'iMC- 
teria  is  derived  from  the  use  of  stHiuin^r  afrents.  Most  c)f  the  bacteria  are  stained  more 
or  teas  readily  by  one  or  more  of  the  basic  anilin  dyes.  The  ea.se  with  which  they  are 
colored  varies  considerably  in  differeol  siwcii's  and  with  the  different  dyes.  The  tissue 
elements,  and  a  variety  of  other  materials  with  which  the  bacteria  may  be  associated, 
also  stAin  more  or  less  readily  at  the  sanic  lime ;  but  most  of  these  part  with  their  color 
more  readily  than  do  the  bacteria  on  being  treated  with  alcohol  or  dilute  acids.  It  is 
thus  possible  to  obtain  a  differentiation  In  color  between  bacteria  and  other  struclurca. 
The  bacteria,  moreover,  dilliT  among  themselves  in  respect  to  the  tenacity  with  which 
they  hold  their  stain  in  the  presence  of  decolorizing  agents,  and  upon  this  foci  is  based 
one  of  the  impoi  innt  methods  of  distinguishing  Itctween  different  sjK-cies. 

The  anilin  dyia  more  commonly  employed  for  bacteria  staining  are  fuchsln,  gen- 
tianviolirt.   and    methylene    blue.     A    saturated    alcoholic    solution    of    these   dyes. 
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should  be  kept  In  tightly  stoppered  bottles,  aod  from  these  the  more  dilute  solutions 
required  foi  stainiag  may  be  prepared.  For  ordinary  purposes  odc  part  of  alcoholic 
solution  of  fucliaiD  or  roetbyletie  blue,  added  to  twenty  parts  of  water,  will  give  a 
stainiDg  solution  of  suitable  strength. 

Special  stains  and  modes  of  staining,  such  as  are  ncceitsary  for  some  furnis  of  l>ac- 
teria— the  tubercle  bacillus,  for  example — will  be  described  under  the  appropriate  head- 
ings. 

To  Stain  Bacteria  in  Fluid»,—K.  small  drop  of  the  fluid  is  placed  od  a  clean  cover 
glass,  spread  a  little  with  a  needle,  and  dried  by  gentle  heat.  The  cover  glass  is  now- 
held  with  the  forceps,  specimen  side  up,  and  passed  moderately  rapidly  three  times 
through  the  Hamc  of  an  alcohol  lamp  or  Bunsen  burner.  The  material  on  the  cover 
should  not  be  burned.  This  heating  not  only  flies  the  contents  of  the  fluid  flrmly  on 
to  the  glass  so  tliat  it  will  not  easily  soak  olf,  but  renders  insoluble  any  albuminous 
materials  which  may  be  mixed  with  the  bacteria,  and  which  might  otherwise  interfere 
with  subsequent  examinations  by  forming  granular  precipitates. 

A  drop  of  the  aqueous  staining  fluid  is  now  put  on  to  the  dried  specimen  on  the 
cover  glass,  and  if  this  be  held  in  the  forceps  and  tilted  slightly  up  and  down  a  few 
times  so  OS  to  bring  fresh  portions  of  the  staining  fluid  into  contact  with  the  bacteria, 
the  staining  will  usually  be  completed  in  two  or  three  minutes.  Tfie  stain  is  now 
washed  off  witJi  a  Jet  of  water  from  the  wash  bottle,  and  the  specimen  iseitber  mounted 
in  a  drop  of  wat«r  for  temporary  study,  or  the  washing  water  is  draineil  off  and,  after 
drying  in  the  air,  it  is  mounted  directly  in  balsam.  Il  Is  well  to  use  balsam  which  has 
been  softened,  when  this  is  necessary,  with  oil  of  cedar  or  xylol  rather  than  with  chloro- 
form, since  this  is  apt  li>  decolorize  the  bacteria.  Solid  cultures  of  bacteria  should  be 
mixed  with  a  little  water  and  spread  on  the  cover  glass  before  drying  and  staining. 

Qmm's  method  (see  below)  isoflen  useful  and  in  some  casesalmost  indispensable  for 
the  differential  staining  of  bacteria.' 

To  Slain  Bacteria  in  Ti»»ua. — The  tissues  should  be  well  hardened  In  alcohol. 
Thin  sections  are  placed  in  the  above -described  aqueous  coloring  solutions,  where  they 
may  remain  from  five  to  fifteen  minutes.  In  some  cases  a  much  longer  staining  is  nec- 
essary. Qentle  warming  (40'  to  50°  C.)  will  hasten  the  staining.  The  entire  tissue  as 
well  as  the  bacteria  is  in  thia  way  deeply  colored.  The  sections  are  rinsed  with  distilled 
water  and  then  placed  in  alcohol.  This,  with  varying  degrees  of  rapidity  with  differ- 
ent stains  an<I  tissues,  gradually  extracts  the  color  from  the  tissue,  most  slowly  from 
the  nuclei.  The  time  required  ami  the  exact  degree  of  dccolorization  to  be  sought  for 
must  be  learned  by  experience  in  different  cases.  Sometimes  five,  sometimes  tliirty 
minutes  are  required,  sometimes  only  a  few  seconds.  It  is  often  cecessar}',  and  the 
decolorizing  of  the  tissue  is  thereby  hastened,  to  add  a  few  drops  of  acetic  acid  to  the 
alcohol.  When  acetic  acid  is  used  it  sliould  be  finally  thoroughly  washed  out  by  alco- 
hol. The  specimens  are  now  cleared  up  by  oil  of  origanum  and  mountetl  in  htlsam. 
In  specimens  prepared  in  the  above  way,  the  nuclei  of  cells  usually  retain  lo  some  ex- 
tent a  color  similar  to  that  of  the  bacteria,  but  their  size  and  sliape  seivc  fur  the  differ- 


Ormii'a  ^eth'id. — This  is  a  much  more  generally  useful  method  of  staining  liacteria 
in  the  tiiisues  than  that  just  given,  although  not  in  all  cases  applicable.  The  sections 
are  stained  for  from  two  to  four  minutes  in  amlin-genluin-tinltt  tid'iiinn.  prepared  by 
adding  1  c.c.  anilin  oil  lo  20  c.c.  distilled  water,  shaking  thoroughly,  and  flitering 
off  the  excess  of  anilin  oil  through  a  moistened  paper  filler.  To  the  clear  filtrate  satu- 
rated alcoholic  solution  of  gentian  violet  is  added  in  the  proportion  of  about  1  of  the 
dye  to  10  of  the  anilin  solution. 

From  the  staining  solution  tlie  sections  are  transferred  to  a  solution  of  iodin  in 
potassium  iodid  and  water  (I  1,0— KI  2.0— H,0  300.0),  remaininjr  from  one  to  three 
minutes,  when  they  arc  transferred  to  stnmg  alcoiiol;  this  sliould  Ik?  changed  two  or 
three  times  so  as  to  dehydrate  tiie  specimen,  which  at  the  same  time  will  liise  mtich  of 
its  color.    The  section  is  cleared  In  oil  of  origiinuin  to  which  a  little  c<i«in  has  Ix-en 

*  For  the  methods  of  staining  spores  see  special  works  on  bacteriology. 
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added,  itDd  mounted  in  balsam.    In  specimens  prepared  in  this  way  the  bacteria  and 
some  of  the  nuclei  are  violet,  tlie  remainder  of  the  tissue  is  red. 

In  this  as  in  other  methods  of  staining  bacteria  in  tissue  the  sections  are  liable  to 
■hrivel  and  curl.  This  may  in  many  cases  be  avoided  by  fixing  the  sections  on  to  tlie 
cover  slip  vrith  albumen  fixative  <8ee  page  61)  before  the  staining  begins,  carrying 
cover  glass  as  well  as  section  through  the  subsequent  processes.  Since  some  bacteria 
aredecolorizedbyGram'smethodit  is  not  applicable  to  thestaining  of  all  organisms  in 
tissues.  It  is  often  a  valuable  aid  in  tlie  differentiation  and  identlSeation  of  species  with 
similar  morphology — and  in  some  instances,  as  in  the  staining  of  gonorrhceal  pus,  lias  an 
especial  diagnostic  value  (see  page  104). 

WcigerVs  Modification  of  Oium'a  Method. — The  sections  are  laid  for  half  an  hour  in 
the  anil  in  gentian -violet  solution  prepared  as  atmve,  then  rinsed  off  In  three -quarter- 
per-cent  salt  solution,  and  spread  on  a  slide,  Tliey  are  now  dried  with  blotting-paper 
and  covered  for  two  minutes  with  the  iodin  solution.  The  iodin  solution  is  now  washed 
off  in  the  water,  the  section  dried  with  blotting-paper,  and  decolorized  with  anilin  oil 
or  a  mixture  of  3  parts  of  anilin  oil  and  1  part  of  xylol,  several  times  renewed.  Finally 
the  sections  are  cleared  in  Jtylol  and  mounted  in  l^alsam. 

In  many  cases  it  is  well  to  accomplish  a  double  staining  by  a  preliminary  contrast 
stain.  Thus.  Irefore  the  use  of  Weigert's  modification  of  Oram's  stain  the  sections  may 
be  p\it  for  half  an  hour  in  a  solution  of  picro-carmln,  then  rinsed  in  water  and  stained 
as  above.    By  this  modification  of  Oram's  method  fibrin  is  deeply  stained. 

Ldffier't  aUxtUne-methf/lent'bliit  solution  Is  a  very  valuable  and  powerful  stain  for 
bacteria,  either  in  fiuids  or  in  tissues. 

It  consists  of — 

Saturated  alcoholic  solution  of  methylene  blue,  ,        .        ,80  part*. 
Aqueous  solution  of  caustic  potash  1:10,000,       ,        .        .  100     " 

For  staining  bacteria  iu  tissues  ttie  stain  is  allowed  to  act  for  a  few  minutes.  The 
section  is  then  put  for  a  few  seconds  in  one-lialf-per-cent  acetic  acid,  then  rinsed  in 
water,  and  the  superfluous  color  removed  from  the  tissue  by  repeated  rinsing  in  alco- 
hol, which  at  the  same  time  dehydrates  it.  Then  it  is  cleared  with  oil  of  cedar  and 
mounted  in  balsam.  Care  should  be  taken  not  to  remove  too  much  color  with  the 
alcohol. 

It  should  always  be  borne  in  mind  in  staining  the  bacteria  that  great  exactness  is 
not  usually  necessary  either  in  the  strength  of  the  coloring  solutions  or  in  the  time  of 
exposure  of  tiie  bacteria  to  them.  We  are  seeking  for  certain  effects — namely,  the 
staining  of  the  germs — and  this  depends  not  only  upon  the  quality  and  strengtb  of  the 
dye,  the  time  of  exposure,  etc..  but  also  upon  the  nature  of  the  bacteria]  species  and  its 
conditions  at  the  time  Ibe  staining  is  undertaken.  Thus  it  not  infrequently  happens 
that  Iwctfria  which  will  stain  rcadil.y  and  deeply  with  a  given  solution  when  they  are 
In  a  condition  of  active  growth,  may  tie  scarcely  at  all  colored  if  tbey  have  been  dead 
or  inactive  for  a  long  time,  although  their  outward  shape  appears  to  be  uncbaoged. 
So  it  should  be  remembered  ttiat,  while  there  is  little  difficulty  in  most  cases  in  staining 
the  bacteria,  the  operation  is  not  one  of  mere  routine,  but  requires  intelligent  attention 
to  the  particular  conditions  of  the  species  in  liand. 

For  the  recognition  and  study  of  bacteria  the  best  optical  apparatus  is  requisite. 
An  homogeneous  immersion  lens  (at  least  one-twelfth)  and  the  Abb^  condenser  are  in- 
dispensable for  ordinary  work. 

Artiflcial  Oultivation  of  Bacteria. 

For  tlie  complete  Investigation  of  the  different  forms  of  bacteria,  particularly  in 
their  relations  to  disease,  we  must  isolate  them  so  as  to  be  able  to  study  their  life  his- 
tory and  the  effects  of  their  iuoculatiou  into  healthy  animals.  It  has  long  been  known 
that  bacteria  could  be  cultivated  in  a  variety  of  artificial,  so-called  "nutrient  media"  or 
soils.  Fluids  were  formerly  used  for  tliis  purpose,  but  it  is  very  difficult  to  separata 
single  species  in  fluids.    Rotiert  Koch  introduced,  some  years  ago,  a  technical  Improve- 
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mcDt  of  great  value  in  the  use  of  solid  media  for  tbe  cuIUvatioa  of  1»ct«ria.  Tliejr 
usually  grow  wiUiin  or  upon  the  surface  of  the  solid  nutrient  media  in  sbarply  circum- 
scribed masses,  called  caimiie*.  afid  different  species  may  grow  side  by  side  in  the  same 


receptacle  for  considerable  periods  without  In  the  Blightest  degree  ioterfering  with  one 
another  or  tending  to  mix.    Tbe  mode  of  growth  and  ^neral  appearances  of  the  pro- 
liferating bacterial  masses  on  the  solid  medium  often  present  very  characteristic  differ- 
ences  between  different  forms,  and  tlius  not  only  furnish  valuable  means  of  Identifying 
species,  but  render  possible  an  early  detection  of  contamination  from  chance  admixture 
of  species.     A  given  species  of  bacteria  may  be  cultivated  through  a  series  of  genera- 
tions by  transferring,  with  proper  precautions,  a  minute  portion  from  a  growing  colony 
to  fresh   sterilised  culture  media.      After  cultivation  through  several  generations  tlie 
.  species  may  bo  presumed,  and  by  micix)- 
scopica!  examinations  proved,  to  be  en- 
tirely pure,  and  the  effects,  if  any,  pro- 
duced by  its  inoculation  into  healthy 
animals,  to  be  due  to  it  alone. 

Thk  Culture  Substances.— There 
are  many  culture  media,  some  of  which 
are  best  suited  for  one,  some  for  another 
species  of  bacteria.  Those  most  com- 
monly used  are  meat  brotli  (bouillon), 
broth  rendered  solid  by  gehitin  or  agar- 
agar  (called  "nutrient  gelatin"  or  "nu- 
trient agar"),  boiled  potatoes,  milk, 
coagulated  blood  serum,  p leu ri tie  "  chest 
serum,"  or  other  transudates  into  tlie 
serous  cavities.  Glucose  is  often  added 
to  tiie  tnedia  for  special  purpose.?,  and 
the  incorporation  of  litmus  serves  to 
mark  the  formation  of  acids  or  alkalies 
as  the  result  of  bacterial  metabolism. 
Various  special  forms  of  artificial  media 
are  also  employed.  (For  the  details  of  the  methods  of  preparing  culture  media  con- 
sult special  works  on  bacteriology,  such  as  j4MoW'*''ft^nciple3  of  Bacteriology"  or 
Park't  "Bacteriology  In  Medicine  and  Surgery.")    These  various  forms  of  media  are 
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!iz=d=,Google 


ITili  PLANT   PARASITES. 

placed  in  small  quantitieB  in  test-tubes  plugged  nith  cotton  (Fig,  79)  and  carefully 
sterilized  by  Iteal. 

The  Study  of  Ccltl'rks. — I^et  us  see  bow  the  nutrient  media  are  used  in  study- 
ing tbe  bacteria. 

In  the  first  place,  it  Is  necessary  to  get  from  llie  Tarioua  raixtures  of  several  species, 
as  tbey  are  apt  U>  occur  in  nature  or  in  diseased  parts,  single  species  growing  by  iliem 


► 


F](!.  sa 

S't'TltlKNT  AOAR   IN  STERILIZER  TfUES. 

■  wrinkled  growUi  upoa  tbe  surface. 


selves,  so  that  their  life  lli^^tory  and  rlianiclers  may  Itc  studied  in  detail.  To  show  by 
an  example  how  this  is  done,  we  will  siipijose  Ilmt  we  have  a  sample  of  milk  containing 
bacteria,  )ind  wish  to  learn  liow  ninny  ther<'  nic  and  of  what  species,  and  1o  get  tbein 
into  si'parate  R'Ceplacles  for  study.  AVe  melt  the  nutrient  gelatin  or  agar  in  one  of 
the  lest  tubes,  wliii/li  wc  know  lo  contain  no  living  bacteria — because  wo  bave  steril- 
ized both  tbe  tube  and  its  contents  by  beat — and  add  to  it  a  measured  volume,  uguallf 
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O.OI  C.C.,  of  the  milk,  aod  mix  them  by  gentle  shaking;  we  now  take  a  shallow  covered 
glass  dish  called  a  Petri  plate  (sec  Fig.  TT),  which  has  been  sterilized  by  heat,  lay  it 
upon  A  cold  surface,  and  pour  out  the  mixture  of  milk  and  autrient  gelatin  in  a  thm 
layer  upon  it.  When  the  gelatin  solidifies,  the  invisible  germs  which  the  milk  cuntamed 
are  caught  and  held  in  position  by  it,  and  if  tlie  whole  be  now  set  away  in  a  siifllcicntly 
warm  place  the  Uving  bacteria  will  presently  commence  lo  grow. 

After  a  few  hours  or  dayn,  from  each  one  of  the  single  living  bacteria  scattered 
through  the  gelatin  so  many  new  germB  may  Itave  developed  tiiat  tliey  form  a  mass, 
called  a  colony,  large  enough  to  be  visible  to  the  naked  eye.  As  different  species  grow 
in  different  ways,  some  giving  rise  to  colonies  cf  one  shape  or  outline,  some  lo  another; 
some  forming  colored  colonies,  some  tluiijifying  the  gelatin,  some  growing  much  more 
rapidly  than  others  (see  Fig.  T8),  we  can  usually  recognize  the  difference  in  species 
either  with  the  naked  eye  or  under  the  microscope,  and  with  a  tine,  sterilized  platinum 
needle  can  pick  out  portions  of  the  different  colonies  and  transfer  them  to  the  tubes  of 
nutrient  media  of  one  kind  or  anotlicr  which  we  have  prepared,  and  study  their  growth 
there  in  the  form  of  pure  cultures. 

The  transfer  of  the  germs  to  the  tubes  is  mode  by  plunging  the  needle  which  has 
touched  the  plate  colonies  down  into  tlie  gelatin  or  agar,  or  drawing  it  over  the  surface 
of  tlie   potato  or  agar  (Figs.  79.  BO.  and  81). 
This  is  called  inoculating  the  culture  media. 

Not  infrequently  it  is  necessary  to  use  the 
agar  culture  medium  instead  of  gelatin  for 
plate  cultures,  because  many  disease- producing 
forms  of  germs  do  not  grow  at  a  temperature 
below  that  of  tlie  tiody,  at  which  gelatin  fluld- 

In  many  cases,  especiall3-  in  agar  plate 
cultures,  the  material  to  be  studied  is  spread 
in  very  thin  streaks,  witli  a  sterilized  platinum 
needle,  over  tlie  surface  of  the  already  cooled 
nutrient  flhii,  the  colonies  developing  along  the 
surface  streaks  (see  Fig.  Sa), 

Anaerobic  genus  may  be  cultivated  in  an 
atmosphere  of  hydrogen,  the  air  in  tiie  closed 
culture  receptacles  being  rephiced  by  this  gas. 
Or  Hie  oxygen  may  he  removed  from  this  con- 
fined portion  of  air  in  contact  with  the  cul- 
tures by  chemical  means.  A  description  of  the 
various  simple  and  complex  devices  for  anae- 
robic cultivations  falls  beyond  the  scope  of 
tills  work. 

The  most  smiptdoua  care  is  required  in 
Fio.  81.-ATrBE^o7  Boi.m^T^\3PiRENT  sterilizing  tlie  nutrient  media  and  the  utensils 
and  instmnieuts  used,  and  the  greatest  caution 
should  be  e.'cercised,  in  transferring  the  bac- 
teria from  one  retreplacie  to  another,  to  pre- 
vent contamination.  A  large  experience  in 
ot  this  sort  of  manipulation  is  necessary  before 
reliable  results  can  be  obtained  in  original  in- 
vestigation, since  the  siiglitest  error  or  carc' 
observe  the  occurrence  of  contamination,  is  liable 
itirely  lo  vitiate  the  results  of  long  series  of  experimenls.  It  is  only  by  an  cxlendeti 
preliminary  training  in  the  cultivation  of  some  of  the  more  characteristic  and  easily 
recognizable  forms,  under  a  variety  of  conditions,  in  a  perfectly  pure  state,  through  a 
aeries  of  generations,  that  one  can  be  assured  of  his  capacity  to  carry  on  researclies  in 
this  moat  difficult  and  intricate  Seld. 

It  is  w:iaer  for  one  purposing  to  carry  on  bacterial  researches  to  gain  a  practical 


Pbowlna  KTowlli  of  bacteria  wlia  (ormaUon 
of  ms  slung  Hie  line  of  InorulBtlon  by  &  aee- 
dle  pluDKFd  Into  tlie  wild  ^latln  and  wlUi- 
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acquaintanre  with  tnetboda  and  apparatus  in  a  well-appointed  laboratory,  than  to  make 
the  attempt  to  work  out  the  methods  from  books. 

The  methods  of  Inoculation  of  animals  with  pura  cultures,  and  the  precauticHis  to 


Fio.  as.— PEnu's  Aoab  PLin  ovxTnsa  or  Bicnau  num  m  mum. 

Hade  by  nreaklDK  tb«  surface  ot  sterilized  Dncrlenc  tgu^prevlouBly  poured  into  tbe  shallow  dlsb  tod 
coaled— wlUi  Knpines  from  Ibe  mouUi.  anil  ■llowliig  lo  stand  Id  a,  wum  place  tin-  torty-elgbt  boun.  Hie 
l!llliu>r  spots  an;  tlie  "coloDleB"  or  masses  of  nermsof  vulous  forms  wblcb  have  grown  trom  (he  Invisible 

be  observed,  as  well  as  a  description  of  the  various  forms  of  apparatus  made  use  of  to 
practical  bacteriology,  must  be  sought  la  more  extended  treatises  on  this  subject. 

Collection  of  Hat«ri&l  tor  Bacterial  Oultnrea. 

Material  obtained  from  tlie  human  body  which  is  to  be  subjected  to  bacterial  ex- 
sbould  be  collected  with  every  precaution  against  accidental  contamination. 


no,   83.— STERltlZKD  COTTON  SWiB  [B   A  STSRlLIZm  TCBK   FOR  COLLKCTINO   FICIDS  CONTIININQ  BiO- 

A  convenient  mode  of  collection  and  transportation  of  small  quantities  of  fluid  or 
semi-fluid  material,  such  asexudntea,  discharges,  etc.,  for  purposes  of  bacterial  examina- 
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tioa  is  to  twist  a  amall  wad  o(  absorbent  cottoD  on  to  the  end  of  an  Iron  or  B<«el  wire 
about  five  inches  long,  put  this,  swab  end  foremost,  into  the  tube  <Fig.  88).  plug  the 
mouth  with  cotton,  and  sterilize  the  whole  in  a  dry  oven  for  an  hour  at  IW"  C. 

Several  of  these  cotton  swaba  may  be  prepared  at  once  and  liept  on  hand.  The 
swab,  carefully  remoTcd  and  saturated  with  the  material  to  be  examined,  Is  at  once  re- 
turned to  the  tube;  this  is  plugged,  and  may  be  thus  safely  transported.' 

H.  Teasts. 

These  micro -organifims — lai^r  than  bacteria  and  mostly  saprophytes 
— consist  of  oval  or  spheroidal  cells  with  granular  protoplasm  and  a  thin 

•     membrane.     Tbey  mnltiply  by  sprouts  or  buds  from 
the  parent  cell  (Fig.  84).     The  new  individnals  may 
^r  ^M0      separate  from  the  old,  or  may  cling  to  them  so  that 
^^     JMi       chain-like  combinations  may  occur.     They  sometimes 
^^pOr^T         form  end<^non6  spores,  known  as ascospores.     Some 
Fia  84 -TUBT-Bw-    ^P**''®^  develop  bright  colors  in  their  growth. 

oaimajta.  There  are  many  forms  of  yeasts  which  are  concerned 

in  various  phases  of  fermentation.  Some  of  these,  al- 
coholic fermentation  for  example,  are  of  great  economic  importance.* 
Certain  forms  of  yeasts  flourish  in  the  stomach  daring  digestive  disorders 
and  in  the  bladder  in  diabetes,  without  the  incitement  of  lesions.  Sev- 
eral forms  of  yeast  have  been  proven  to  be  pathogenic  in  lower  animals 
and  in  man.  In  1891  Gilchrist '  reported  a  case  of  blastomycetic  derma- 
titis in  man.    Since  that  time  other  cases  have  been  observed.' 

m.  Moulds. 

The  moulds  are  considerably  more  complex  in  structure  than  either 
the  bacteria  or  the  yeasts.  Some  of  the  forms  are  very  common  and  uni- 
versally known.  In  general,  it  may  be  said  that  the  moulds  consist  of 
a  series  of  delicate,  translucent,  branching  jointed  threads — myceUum — 
usually  giving  rise  to  ftj(pA«  from  which,  either  directly  or  in  more  com- 
plex form  through  the  inten-ention  of  a  special  structiu^,  the  sporangium, 
the  spores  are  developed  (Fig.  85).  The  moulds  which  are  apt  to  occur 
in  the  human  t>ody  may  be  of  the  former  more  simple,  or  of  the  latter, 
more  complex  type.*  Among  the  simpler  forms  of  moulds  which  occur 
in  the  body  may  be  mentioned  the  Achorion  Scbouleiuii,  Microsporou 

'  For  further  sugaestiona  for  the  collection  and  examination  of  specimens  for  niicro- 
organisms.  and  for  reierences  to  studies  on  the  tncteria  of  tlie  hunian  body,  see  p.  360. 

'For  a  consideration  of  the  relationship  of  micro- organisms  to  various  forms  of  fer- 
mentation, with  bibliography,  consult  Jorgenmii,  "  Micro-organisms  aud  Femientation," 
£ng.  translation,  1900. 

*aHehri»t,  Johns  Hopkins'  Hospital  Reports,  vol.  1.,  p.  268. 

<  For  a  resume  of  the  subject  of  pathogenic  blastomycetes  with  experiments  and 
bibliography,  see  FoulerUm,  Journal  of  Pathology  and  Bacteriology,  vol.  vi.,  p,  37, 
1900;  and  Sternberg.  Ziegi.  Beitr.,  Bd.  xxxH.,  1903.  p.  1;  B\ao  Riekftli,  " Biaslomvcosia 
of  Shin."  Jour.  Med.  Res,,  vol.  vi.,  1901,  p.  3T7:  also  OtU  and  Beaut,  Jour.  Am.'Med. 
As8n.,Uctober31st,  1003. 

>8ee  Bencn,  "Etude  sur  I'aspergillogc  cliez  lea  animaux  et  cliez.  I'homme."  Paris. 
1807:  alao  Lemoldand  Lett,  Oaz.  dcs  HSpilaux,  Juuc  2<lth,  1897,  Bibl.;  al^o  Pienon 
and  Rarenel,  University  Med.  Mtig.,  August,  1900;  also  Sayer,  "Pneumonomykosis 
aspergillina,"  Jena.  1900. 
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furfor,  Trichophyton  tonauraas.    There  ia  a  close  morphological  resem- 
blance between  these  forms. 

Ackorion  SchMUAnii,  the  favus  fungus,  is  formed  of  a  much -branching 
mycelium  from  which  the  spores  are  directly  developed  (Fig,  86).  It 
grows  readily  on  artificial  cul- 
ture media,  such  as  nutrient  agar 
and  gelatin,  at  the  temperature 
of  the  body.  This  fungus  is  most 
apt  to  grow  upon  the  liairj-  part 
of  the  head,  where  it  forms  small 
surface  crusts  and  grows  into  t&e 
shafts  aud  root  sheaths  of  the 
hair,  exciting  inflammation  in  the 
adjacent  tissue.  Trichophyton  ton- 
surans develops  in  the  form  of  a 
moderately  branching  mycelium, 
forming  comparatively  few  spores. 
It  grows  in  the  skin,  cither  about 
or  apart  from  the  hairs,  or  in  the 
nails,  inducing  the  lesions  of  vari- 
ous phases  of  herpes,  which  diflfer 
considerably,  depending  upon  the 
particular    structures    involved,      ' 

At  body  temperature  it  grows  readily  on  artificial  culture  media,  differ- 
ing markedly  in  appearance  from  Achorion, 

Microsporon  furfar,  the  mould  fungus  causing  pityriasis  versicolor,  is 
more  prone  than  the  Achorion  to  the  development  of  many  spores,  but 
otherwise  considerably  resembles  it  morphologically.     It  has  not  yet  been 
cultivated  on  artificial  media.     By  its  infiltration  of  the  epidermis,  espe- 
cially of  the  body  and  upper  extremities, 
it  causes  larger  and  smaller  yellowish  or 
brownish  patches. 

The  more  complex  types  of  moulds  are 
only  occasional  dwellers  iu  the  human 
body  and  appear  to  be  but  rarely  the 
cause  of  disease,  passing,  rather,  a  sapro- 
phytic existence  on  dead  material  in  parts 
of  the  body  which  are  in  communication 
with  the  air.  Thus  they  may  be  found 
growing  on  accumulations  in  the  external 
auditory  canal,  in  dead  tissue  in  the 
lungs,  on  walls  of  cavities,  dilated  bron- 
chi, etc.  Many  cases  have  been  reported, 
however,  in  which  the  moulds,  especially 
aspergillus,  have  been  the  apparent  excitants  of  serious  lesions  in  men 
and  animals. 

A  lowly  form  of  micro-organism  frequently  found  growing  in  the 
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tnontb  and  fauces  and  cesophagus  of  ehildreu,  in  the  form  of  a  vhitish 
{K'llicle — aphtha; — is  the  so-rslled  Oidium  albicans,  which  consists  of 
branching,  jointed  threads  and  spores  which  peuetrate  between  the  epi- 
thelial cells.  This  fungus  may  assume  considerable  importance,  when 
ill  very  feeble  children  it  blocks  the  oesophagns,  or  when,  as  is  rarely  the 
case,  from  the  surface  of  ulcers  it  penetrates  the  bloodvessels  and  gives 
rise  to  visceral  metastasis.  The  exact  relationship  of  this  fungus  to  the 
moulds  is  not  yet  very  clear.     It  is  often  grouped  with  the  yeasts.' 

Method*  of  Studying  Yeaat*  and  Houlda. 

Tlie  yeast  organiama  are  in  gentral  Blained  and  ciillivaleil  by  Ihe  aanie  metbods  as 
tliosi'  used  in  studying-  the  bucteria.  By  treating  unstuined  Mvtiotis  of  tissue  entitain- 
ing  tliem  witlk  solutiimof  caustic  potasli  the  organ janis  may  often  be  readily  demon- 
strated. 

Tlie  moulds  may  be  aimply  teased  aud  studied  ia  glycerin  or  in  gtytcrin  aud  water. 
They  may  be  stained  u'itb  alkaliiic-inctliylene  blue  Hohition  (Loffler's  solution,  see  page 
IM).  When  spores  iiave  formed  iu  considerable  numbera  on  tlie  more  tomplejt  forms 
ol  moulds  these  are  not  easily  welled  by  the  usual  staining  fluids,  because  the  air  clings 
BO  closely  among  tlie  spore  masses.  In  a  miKture  of  four  parts  of  alcohol  and  one  of 
aqueous  solution  of  ammonia  they  are  instantly  wetted,  and  may  then,  with  or  without 
siaining,  be  teased  and  mounted  in  glycerin.  In  studying  the  fungus  masses  in  the 
alwvedescritiei)  skin  <liseases  it  is  well,  wlien  crust-like  masses  are  to  lie  teased  apart, 
to  allow  them  first  lo  soak  for  a  few  moments  in  a  flveper-cent  solution  of  caustic 
potash.  In  this  solulioD  they  may  be  studied,  or  they  may  be  leaseil  and  mounted  in 
glycerin  for  preservation,  Most  of  the  more  common  moulds  are  readily  grown  on  tbe 
onlinary  culture  media. 

'  For  resume  and  bibliography  of  relalionsliip  of  yeasis  and  moulds  lo  human  dis- 
eases consult  Riekrr.  Lvbnrteb.  and  Oitertnu'n  "  Erjrr bnis.se  der  allg.  Aetiologie  der 
Menschen-  u.  Thierkrankheiten."  AlHh,  i.,  18»«,  p.  81>3.  Bee  also  Ilektoen,  Journal  of 
Experimental  Medicine,  vol.  t„  p.  77,  1900. 
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CHAPTER  Vn. 

THE  RELATIONS  OF  MICBO-OBOANISMS  TO  DISEASB- 
INFECTION  AND  IMMT7NITY. 

The  Occurrence  of  Bacteria  and  Other  Micro-oi^anlBms  in 
the  Body :  its  Protective  ICechanism. 

Bacteeia  are  invariably  present  in  greater  or  less  numbers  in  the 
mouth,  nose,  upper  air  passages,  gastro-intestinal  and  genito-nrinary 
tracts  of  men  and  animals.'  Into  these  places  they  are  more  or  less  con- 
stantly brought  by  the  respired  air,'  by  food  and  drink,  and  in  other 
ways.  But  common  and  often  abundant  as  are  these  germs  upon  the 
external  and  internal  surfaces  of  the  body,  they  do  not  often  pass  through 
the  healthy  mucous  or  cntaneous  surfaces,  so  that  under  normal  condi- 
tions the  tissues,  the  viscera,  and  the  circulating  fluids  are  germ-free.* 

Except  for  certain  pathogenic  forms  which  may,  under  unsanitary 
conditions,  ha^'e  been  set  free  and  transported  from  men  or  animals 
suflering  from  infectious  disease,  the  bacteria  upon  the  cutaueons  or 
mucous  surfaces  of  the  body  are  for  the  most  part  harmless;  while  cer- 
tain intestinal  forms  may  e^en  be  useful  in  promoting  digestion. 

Certain  bacteria  which  do  uot  often  and  some  which  never  induce 
disea^,  find  in  or  upon  the  human  body  such  favorable  conditions  for 
their  existence  that  they  are  commonly  present  there. 

The  body  is  guarded  in  various  ways  from  the  incursions  of  patho- 
genic and  other  bacteria,  which  may  be  commonly  present  Or  only  occa- 
sionally lodged  upon  its  surfaces.  Among  the  protective  agencies  of  the 
body  may  be  mentioned  the  firm,  dense  skin  which  while  intact  protects 
the  interior  from  the  entrance  of  almost  all  known  micro-organisms;  the 
epithelial  investment  of  the  mucous  membranes  in  several  places  swept 
by  cilia;  the  protected  situation  of  most  of  the  mucous  surfaces,  the  ger- 
micidal qualities  of  some  of  the  secretions,  such  as  the  gastric  juice, 
mucus,  etc' 

'  F«r  a  summary  of  facta  concerning  the  bacterial  flora  of  tlie  body  surfaces  consult 
Welrh,  "Surgical  Itacteriologv,"  "ByBtem  of  Surgery  by  American  AutliorB,"  Dennit. 
8m  also  Ford.  "Tlie  Bacteriology  of  Healtby  Orgaus,"  Trana,  Assoc.  Amer.  PLya.,  vol. 
XT.,  p.  889,  1900,  Bibl. 

'  For  a  resume  of  micro- organism  in  tlie  air  sec  GolUtHn,  Lubarsch  and  Osterlag's 
"Ergebnfsse,"  Jalirgang  iv.,  pp.  HT  ctteq.,  1897;  also  Wrtft.  "Studies  from  (lie  Depart- 
ment of  i'atliology,    Col.  Pbys.  and  Burg.,  Columbia  University,  vol.  vii. 

'It  sliould  l)c  remembered  that  the  gastro-intestinnt  caual.  the  lungs,  and  other 
viscera  which  are  in  communication  with  flie  exterior,  although  within  the  limits  of  the 
body,  still  form,  strictly  speaking,  it«  outside,  in  distinction  from  the  intimate  recesses 
of  the  tissues  in  vliich  the  life  processes  go  on. 

•For  a  resume  of  the  protcclive  action  of  tlie  skin,  mucous  merabmnea,  etc.,  see 
MeUehnikoff,  "Inmninity  in  Infectious  Diseases,"  Trans.,  1904. 
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Bat  uotwithstanding  the  safeguards  of  the  body  against  the  acceee  of 
XBicro-oi^Disms,  these  do  frequently  enter;  this  may  occur  in  severe  in- 
juries to  the  skin  or  mncous  membranes  or  through  very  slight  and  un- 
noticed abrasious  or  other  solutions  of  continuity.  Entrance  may  be 
gained  to  the  tissues  through  the  minute  ducts  of  the  sebaceous  or  sweat 
glands;  from  the  mouth,  tonsils,  gastrointestinal  canal'  and  the  respi- 
ratory passages  and  surfaces,  either  with  or  without  obvious  injuries  to 
the  investing  epithelia.  The  r61e  of  insects  in  the  conveyance  of  infec- 
tions agents  is  of  great  importance,'  Micro-organisms  may  enter  the 
body  during  intrauterine  life.* 

When  in  one  way  or  another  bacteria  or  other  germs  have  entered 
the  tissues,  they  may  encounter  a  series  of  obstacles  to  their  spread  or 
continuance  as  well  as  to  their  proliferation  there,  even  should  the  gen- 
eral nutritive  conditions  be  favorable.  In  the  first  place  the  lymph- 
Dodes  frequently  filter  out  of  the  tissue  fluids  micro -oi^anisms  which 
have  entered  them,  holding  them  back  from  the  general  circulation  or 
destroying  them.'  The  power  of  certain  of  the  body  fluids  and  of  living 
cells  under  favorable  conditions  to  kill  and  dispose  of  germs,  should 
these  gain  entrance  through  injuries  or  other  structural  lesions  or  func- 
tional disturbance  in  the  barriers,  is  of  great  importance  and  will  be  re- 
ferred to  again.  The  elimination  of  micro-organisms  from  the  body 
through  its  secretions,'  such  as  nrine,  bile,  milk,  sweat,  saliva,  etc.,  is  a 
matter  of  great  significance,  but  one  upon  which  the  scope  of  this  book 
does  not  permit  us  to  enter.* 

The  view  has  been  recently  advanced  that  with  no  apparent  lesion  or 

'Tor  bibliography  concerning  the  permeability  of  the  gaatro-intestiQat  caoal  for 
bacteria  rercr  to  p.  560. 

'  Xutlall,  Johns  Hopkins  Hospital  Iteports,  vol,  viii.,  p.  1,  1900.  For  studies  of 
flies  as  carriers  of  typhoid  see  Hamilton.  Jour.  Am.  Med.  Assn.,  vol.  xl.,  February  28th, 
1903,  p.  676;  also  ifaTtin,  Public  Health,  August.  1U08, 

*For  a  resume  of  studies  on  the  congenital  transmission  of  infectious  agents  see 
Witmermann.  in  Kolle  and  Wassennann's  "Handbiicli  der  Mikroorganiamen,"  Bd,  i.,  p. 
380.  Bibl. 

•  ^Manfredi,  Virch.  Arcli.,  Bd.  civ.,  p.  335,  1800.  for  a  study  of  the  germicidal  and 
other  action  of  lynipli-nodes;  also  Betan{on  and  LalAe,  Arcli.  de  Med.  expr^rimeutale  et 
d'Anat.  path.,  t.  s.,  p.  889.  1898. 

'Consult  Siierringtoti.  "Experiments  on  the  Escape  of  Bacteria  with  Secretions." 
Journal  of  Pa thoJogy  and  Bacteriology,  vol.  i.,  p.  258,  1893:  Biedt  and  Kraui,  Arch.  f. 
exp.  I*ath.,  Bd.  XXX  vij.,  p.  1.  1806,  Bibl. ;  Ilinhe  and  Lubarxh,  "Ergebulsse  der  allg. 
Aetiologie  der  Menschcn-  uud  Thierkrankheitcn,"  1806,  p.  287.  For  study  of  disap- 
pearance of  bacteria  from  the  body,  sec  Puieloinkff,  Zeits.  I.  Hygiene  und  Infect.  Krank- 
heiten.  Bd.  tl8,  p.  261 :  see  also  ref.  to  Aach,  \\  624. 

*  For  a.  suggestive  summary  of  the  various  factors  which  are  or  may  be  concerned 
■u  the  protection  of  the  body  against  the  Invasion  and  action  of  micro  organisms,  see 
Meltzer,  "Physiological  Methods  of  Protection  of  the  Body  against  Bacteria."  Trans,  of 
the  Congress  of  American  Physicians  and  Surgeons,  vol.  v.,  p.  12,  1900;  see  also  ref. 
to  Was.sermann  above. 

Sec  also  for  the  importance  of  a  lesion  in  animal  tissues  for  the  lodgment  and  mul- 
tiplication of  bacteria  within  it,  C/ieemian  and  Mellzer,  Jour.  Exp.  Aled..  vol.  iii.,  p. 
533 1  also  on  the  signiticancc  of  granulation  tissue  in  wound  Infection,  Afawimeff,  Zieg- 
ler's  Bcitrage.  Bd.  xxii.,  p.  11,  1807;  also  CiMttt  and 3UUo>m.  Ccntralbl.  f.  Path.,  Bd. 
Ix..  p.  837,  1808,  Bibl. ;  ei»o  Jurgdunaf,  Ziegler's  Beitrfige,  Bd.  xxix.,  p.  02.  1901,  Bibl. 
For  the  r61e  of  the  spleen  in  infection  and  intoxication,  see  Courmont  and  Dvffmi,  Arch. 
de  Med.  eip..  May.  1898,  p;  431.  and  A'ia>lai  and  Bean,  Jour,  dc  Phya.  et  Path,  gcu., 
t.  iii.,  1001,  p.  68. 
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with  but  veiy  slight  lesions  of  tbe  inte:stinal  mncosa,  bacteria  iu  lar^ 
numbers  may  gaiu  access  through  this  to  the  liver,  where  they  may  l>e 
destntyed  or  under  certain  conditions  eliminated,  either  through  the  bile 
or  into  the  body  at  large,' 

Action  of  Bacteria  and  their  Products  in  the  Body. 

When  biicteria  do  enter  and  growlu  the  bo<iy,  the  cells  and  tissnes 
near  them  may  show  very  marked  alterations,  due  to  their  influence. 
The  cells  may  be  swollen,  or  their  nuclei  may  disappear,  and  the  proto- 
plasm may  be  converted  into  a  mass  of  shining  or  coarsely  granular 
particles,  or  may  completely  disintegrate.  The  intercellular  substance 
near  the  bacteria  may  also  sofleu  and  distintegrate.  In  a  word,  the 
tissue  iu  their  immediate  vicinity  is  often  found  in  a  couditiou  of  necro- 
sis of  oue  kiud  or  another.  The  walls  of  bloodvessels  near  which  they 
lie  may  be  damaged  and  the  blood  which  these  carry  may  form  thrombi. 
The  liacleria  may  themselves  enter  the  vessels  and  proliferate  in  the 
blood;  they  may  !«  swept  away  as  emboli  to  remote  parts  of  the  body 
(Fig.  41,  page  ll.'i),  and  establish  new  foci  of  bacterial  proliferation  aud 
tissue  necrosis — nt^it'wwmia. 

Some  bacteria,  instead  of  inducing  a  simple  necrosis,  incite  at  the 
same  time,  as  we  have  already  seen,  a  more  or  less  iutense  intlanimatiou 
(Fig.  42,  page  114).  This  inflammation  may  be  of  a  simple  productive 
form,  similar  in  its  effects  to  that  incited  by  the  presence  of  any  irri- 
tating foreign  body;  or  it  may  be  active,  progres-sive,  and  exudative  in 
character;  or  the  iKicteria  may  deteniiine,  in  some  way  as  yet  unknown 
to  us,  very  peculiar  aud  characteristic  inflammatory  changes,  wliich  re- 
sult in  the  formation  of  new  tissues  of  various  kinds  (see  Tuberculosis). 
Some  forms  of  bacteria  find  iu  the  bloo<l,  others  in  the  tissue  spaces  and 
lymph -vessels,  the  conditions  most  favorable  for  their  proliferation. 

But  the  presence  of  micro -organ  Urns  themselves  is  not  indispen- 
sable for  the  incitement  of  either  local  or  general  pathological  processes. 
These  may  l)e  induced  by  various  chemical  products  eliminated  or  stored 
up  in  their  protoplasm  by  the  metabolism  of  the  germs.  These  delete- 
rious Iiacterial  products  may,  as  we  have  already  seen,  be  those  alkaloidal 
substances  called  poisonous  ptomai'ns  or  tojrinx,  or  they  may  be  albumi- 
noid substances — tuxa}bumin»  or  tojvJbamoses.*  Stored  up  in  the  proto- 
plasm of  the  genus  themselves,  this  poisonous  material  has  been  called 
bacifrioprotftn. 

Some  of  the  poisons  act  locally  at  or  near  the  seat  of  their  manufac- 
ture by  the  growing  germs.  Others  gJiin  access  to  the  body  at  large  and 
are  widely  distributed,  inducing  what  may  be  called  the  phenomena  of 
septic  intoxifatioH — iojriemia. 

'  Aihiini.  on  "Latent  Infection  and  SulriufiTtion."  etc.,  Journ.  of  tlie  Amer.  Med. 
ABsocialloii.  Dfpeiiilier  16th  and  aSnl,  18U9. 

'Miicli  of  tlie  Iherature  on  lliis  siiblcct  has  l>ten  l>roughl  together  by  Vaughan  and 
Sory,  "t'ellulur  Toxins."  The  Keucrol cliemitiil  relationship  of  bacterial  products  to 
other  organic  compoiinils  is  set  forth  in  IMlihnrloii't  "Ti'xt-llook  of  Clieniical  Phyai. 
ology  anil  Pathology  " ;  sue  also  Op}ieaheime.r  on  "  Haeterial  Poisonb  "  in  Kolle  and  Waa- 
'    ""llandbuch  iter  Mikroorgunisnien,"  IJil.  i.,  p,  344. 
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The  phenomena  of  Beptio  iutoxicatioa  may  be  induced  by  the  prod- 
nets  of  bacterial  growth  outside  of  the  bwly  when  these  in  considerable 
quantity  are  in  any  way  talcen  into  it.  This  is  true  not  only  of  poisons 
elaborated  outside  the  body  by  pathogenic  bacteria,  but  also  of  many 
forms  of  bacteria  usually  harmless.  Thus  are  caused"  many  forms  of 
food  poisoning  which  simulate  but  are  not  actually  infectious  diseases, 
bet^anse  there  Ls  no  development  within  the  body  of  the  disea-se-inciting 
germ,s. 

Similar  local  and  general  eflfects  may  be  induced  in  the  body  by  other 
poisons  than  those  of  bacterial  origin,  Ricin  and  abriu,  for  example, 
well-known  vegetable  poisons,  and  the  venom  of  scorpions  and  of  certain 
snakes  are  closely  similar  in  their  action  to  the  toxins  which  the  bacteria 
form  either  within  or  without  the  body. 

It  should  be  remembered  in  this  connection  that  effects  closely  resem- 
bling those  <lue  to  bacterial  or  allied  poison  may  be  induced  by  toxic 
agents  developed  within  the  body  as  a  result  of  defective  elimination  or 
faulty  cell  metabolism — autointoxication  (see  p.  358). 

Thns  the  deleterioas  effects  of  pathogenic  bacteria  uiiou  the  body  are 
but  in  small  measure  simply  mechanical.  Local  necrosis 'and  iuHum- 
matiou,  albnminous  degeneration  of  cells,  leucocytosis  and  other  altera- 
tions of  the  blood,  fever,  structural  le-sioiis  and  functional  disturbances 
in  the  ner^'ous  system,  iri'egularitics  in  the  circulatory  and  respimtorj' 
mechanisms,  etc.,  may  follow  the  distribution  in  the  body  of  bacterial 
toxins. 

Froo&  of  the  Infective  Nature  of  Bacteria  Found  in  the 
Body. 

It  will  be  seen,  fi-om  what  has  now  been  Siiid  of  the  bacteria,  that  in 
different  parts  of  the  system  in  health,  and  in  a  large  number  of  abnor- 
mal conditions,  various  forms  of  bacteria  occur;  but  it  is  quite  evident 
that  the  significance  which  we  must  attach  to  their  uicre  presence  varies 
greatly.  In  a  large  nurat>er  of  ciises,  especially  when  on  parts  exposed 
to  the  air  or  in  the  gastro- intestinal  canal,  they  are  evidently  of  no  more 
importance  than  so  much  inorganic  dust.  When,  however,  special  forms 
of  bacteria  are  uniformly  present  in  connection  with  well-defined  dis- 
eases, or  in  their  lesions,  and  especially  if  these  largely  pi'ppondemte, 
the  conjecture  is  certainly  justified  that  the  micro-organisms  may  have 
Bomelhing  to  do  with  their  incitement.  Yet  in  all  such  cases  we  have  to 
consider  the  possibility  that  it  is  the  abnormal  state  of  the  body  or  the 
character  of  a  lesion,  brought  about  perhaps  in  other  ways,  which  affords 
conditions  suitable  for  the  growth  of  this  form  of  bacteria,  and  that  these 
may  consequently  be  present  in  considerable  numbers,  while  in  the  ab- 
sence of  such  conditions  they  would  be  unable  to  develop.  Even  tho 
constant  occurrence  in  the  body,  in  certaiu  diseases,  of  bacteria  which 
evidently  produce  well-marked  local  effects,  either  inflammatory  or  de- 
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generative,  does  uot  absolutely  prove  their  etiological  relationship  to  the 
disease,  although  it  renders  it  in  a  high  degree  probable. 

It  is  desirable  in  every  case  in  which  the  evidence  of  the  etiological 
relationship  of  a  specific  micro-organism  to  a  disease  is  to  be  set  forth, 
that  we  should  be  able  to  demonstrate  the  constant  presence  in  the  tM>dy 
of  the  special  form  of  micro-oi^nism  during  some  j)eriod  of  the  disease; 
obtain  this  by  culture  in  a  pore  condition  unmixed  with  any  other  living 
thing  or  with  any  chemical  substance  not  belonging  to  it,  and  finally,  by 
the  introduction  of  the  purified  organisms  into  a  healthy  animal,  be  able 
to  produce  the  disease  in  some  definite  form.  "When  all  this  is  done,  and 
uot  before,  can  we  assert  that  the  evidence  establishing  the  causative 
relationship  between  a  given  form  of  bacteria  and  any  special  infectious 
disease,  is  entirely  at  our  coniniaud. 

But  the  fulfilment  of  these  strict  logical  requirements  is  very  difficult 
in  many  cases,  and  in  some,  apparently,  almost  if  not  quite  impossible; 
for  we  must  remember,  in  the  first  place,  that  the  lower  animals,  upon 
which  alone,  for  the  most  part,  inoculation  experiments  are  practicable, 
are  apparently  not  subject  to  certain  important  diseases  of  man;  and, 
second,  that  they  present  among  themselves  the  most  marked  differ- 
ences in  the  degree  and  manner  in  which  they  are  affected  by  inocula- 
tion with  pathogenic  bacteria.  Desirable  as  is  the  complete  fulfilment 
of  the  above  requirements  in  every  case.  It  must  be  admitted  that  a  rea- 
sonable certainty  regarding  the  bacterial  origin  of  a  given  disease  may 
sometimes  be  arrived  at  without  positive  results  from  the  inoculation  of 
the  bacteria  associated  with  its  lesions.  The  agglutination  test  applied 
under  proper  conditious  may  affoi-d  valuable  evidence  of  the  nature  of 
an  infection  (see  p.  190), 

The  complete  demonstration  which  is  desirable  has  as  yet  t>een  fur- 
nished in  but  a  moderate  number  of  diseases.  In  many  othei-s,  however, 
enough  has  been  done  in  the  way  of  study  and  experimentation  to  render 
it  altogether  certain  that  they  are  infectious  and  to  establish  beyond 
reasonable  doubt  the  identity  of  the  micro-organism  or  micro-organisms 
involved. 

Conditions  Influencing;  the  Occiirrence  of  Infections 
Diseases. 

It  has  been  learned,  as  the  result  of  a  great  deal  of  observation  and 
experiment,  that  although  certain  diseases  arc  always  associated  with  the 
presence  and  growth  in  the  body  of  particular  species  of  micro-organ- 
isms, there  are  still  various  other  accessory  factors  which  have  an  im- 
portant bearing  upon  the  inception  and  course  of  the  diseases.  Thus, 
while  the  presence  in  the  body  of  a  particular  species  of  micro-organism 
is  the  most  significant  and  fundamental  of  tlie  determining  agencies  in  the 
infectious  diseases,  the  numbers  in  which  they  are  present — i.e.,  the  size 
of  the  dose — and  the  varj'ing  virulence  which  the  same  species  under 
different  conditions  possesses,  as  well  as  the  varying  capacity  of  resist- 
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ance  to  the  incursions  of  the  germs  which  the  body  cells  at  different  times 
and  under  differing  conditions  exhibit,  are  all  factors  of  the  greatest 
moment. 

Malnutrition,  mental  or  physical  ovei-work,  injuries,  bad  hygienic 
surroundings,  the  abuse  of  alcohol  and  other  forms  of  intemperaiice,  as 
well  as  many  other  conditions  which  lead  to  deterioration  in  the  general 
health,  are  often  decisive  factors  in  determining  the  intensity  or  even 
the  occurrence  of  the  diseases  due  to  bacterial  incitement.  It  is  thus 
clear  that  the  action  of  a  given  germ  in  the  living  body  dejiends  only  in 
part  upon  its  intrinsic  capacities — which  in  themselves  are  very  variable 
— but  also  and  in  marked  degree  upon  the  capaeities.  also  variable, 
which  exist  at  the  moment  in  the  body  cells  among  which  the  lot  of  the 
germs  is  cast. 

It  sho'jld  t>e  always  borne  in  mind  that  the  human  body  is  a  great 
segregate  of  groups  of  co-ordinated  cells  which,  tiuder  normal  conditions, 
all  act  in  harmony  for  the  maintenance  of  the  life  and  functions  of  the 
individual.  The  cells  and  cell  communities  in  health  not  only  do  this, 
but  they  have  the  power  of  resisting  and  to  a  certain  extent  overcoming 
various  deleterious  agencies  to  which  the  body  is  more  or  less  constantly 
liable. 

\V'hat  we  call  hereditary  or  acquired  predisposition  to  an  infectious 
disease,  such  as  tubei'culosis  for  example,  is  simply  a  lack  of  the  usual 
capacity  of  the  cells  of  the  body — whether  through  a  structural  or  physi- 
ological fault  we  do  not  yet  know — to  cope  with  the  destructive  tenden- 
cies of  the  living  micro-oi^nisms  when  once  these  gain  a  foothold  in  the 
body. 

We  thus  see  that,  in  studying  the  conditions  under  which  infectious 
diseases  occur,  the  work  is  by  no  means  complete  when  the  bacterial 
species  which  incites  the  disease  has  been  discovered,  but  that  then  the 
more  obscure  determining  and  influencing  a^ncies  must  be  worked  out 


Infection  and  Immunity. 
IHFSCnOUB  DISBASE  AKD  THB  NATXTBE  OF  INFECTION. 

Infectious  diseases  are  those  which  are  incited  by  the  entrance  into  the 
body  and  proliferation  there  of  pathogenic  micro-organisms.  Infection  is 
the  act  or  process  by  which  such  diseases  are  incited. 

In  the  more  exact  usage  of  the  words  infectious  and  infection  which 
our  new  knowledge  demands,  it  is  customary  and  convenient  to  limit  the 
term  micro-organism  to  the  fungi — bacteria,  yeasts,  and  luoidds— and  to 
the  protozoa  representing  the  animal  kingdom,  excluding  altogether  the 
entozoa  and  other  animal  parasites.' 

'  For  a  resume  of  the  nature  and  conditions  of  infection,  see  "Wnimrmann,  Kolle  and 
■Wassermann'H  "  Handbuch  der  Mikroorganismen,"  Bd.  i.,  p.  223.  Bibl. ;  for  a  study  of 
the  general  reaction  of  tlie  bodv  in  infection  see  Blamenth-il,  Hiitl..  p.  336. 

*  Witli  this  Boniewbat  arbitrary  limitation,  neitlier  trichinosis  nor  scabies,  for  exam- 
ple, would  be  considered  an  Infeccioua  disease,  although  tliey  are  oflen,  for  the  lack  ol 
a  distinctive  word,  thus  dcugDalcd. 
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The  modem  conceptiou  of  infection  implies  the  presence  in  the  body 
of  the  livinff  micro -oi^iiisms  themselves,  that  is,  of  something  capable  of 
mnlti plication,  or  at  least  of  reproduction  and  development,  andnot  aloue 
of  the  poisons  which  they  may  and  nsually  do  produce.  It  is  customary 
to  look  upon  the  effects  of  the  absorbeil  poison  which  micro-organisms 
famish  as  intoxications,  whether  these  poisons  be  formed  inside  the  body 
in  infectious  diseases  and  in  other  conditions,  or  outside  of  it  and  stibse- 
qnently  introduced.  Tliat  condition  in  which  there  is  evidence  of  wide 
distribution  of  pathogenic  micro-oi^uisms  aud  their  products  in  the 
blood  is  called  septicwmia  (see  p.  202), 

It  is  evident  from  what  has  been  said  that  infectious  disease  cannot 
exist  without  the  presence  in  the  body  of  micro-oi^nisms.  But,  on  the 
other  hand,  micro-organisms  can  and  do  fi-e«iuently  exist  iu  the  body 
without  the  incitement  of  infectious  disease.  Whether  a  micro-oi^n- 
ism  be  pathogenic  or  not  depends  upon  the  variable  susceptibilities  of 
tlie  host  as  well  as  upon  its  own — also  variable — uature  and  qnalities. 
No  micro-oi^nism  is  intrinsically  pathogenic;  the  very  conception  im- 
plies a  relationship.  This  obvious  fact  is  overlooked  by  those  who  see  iu 
the  micro-organisms  alone  the  esRential  si)ecific  features  of  infectious 
diseases;  who  would  classify  these  diseases  exclusively  by  the  nature  of 
their  excitants,  and  who  look  upon  the  latter  as  the  true  "causes"  of  the 
pheuomena  through  which  disease  is  manifested  (see  p.  67). 

FOKUB  OF  INFECTION. 

Hized  or  Concnrrent  Infection. — It  should  be  borne  in  mind  that  the 
body  which  is  already  the  seat  of  an  infectious  disease  is  usually  espe- 
cially susceptible  to  the  action  of  other  pathogenic  germs,  should  these 
once  gain  entrance ;  and  also  that  the  lesions  which  are  associated  with 
many  of  the  infectious  maladies  afford  portals  of  entry  through  the  skin 
or  mucous  membianes  to  other  micro-organisms,  against  the  entrance  of 
which  the  healthy  body  opposes  most  efficient  barriers.  In  faet,  we  now 
know  that  the  action  of  two  or  more  pathogenic  micro-organisms  in  the 
body  at  the  same  time  is  of  very  frequent  occurrence,  many  of  the  so- 
called  complications  of  the  infectious  diseases  being  due  to  secondary 
infection  with  a  new  germ  species.  Xumerous  examples  of  this  "  mixed  " 
or,  better,  "  coueuri-eut, "  infection  are  noticed  iu  other  parts  of  this 
book. ' 

Many  important  facts  have  been  revealed  by  the  study  of  bacterial 
association  in  cultures  as  well  as  iu  infections  diseases  of  men  and  ani- 
mals which  cannot  here  be  cousidei'cd.''  It  may  be  said  in  genemi  that 
in  animals  as  in  man  concurrent  infection  with  a  second  micro-ot^uism 
increases  the  gravity  of  the  original  situation.  On  the  other  hand,  cer- 
tain experiments  seem  to  indicate  that  sometimes  the  concurrent  action 

<  For  lilliliograpliy  of  mixed  infectioa  sec  Bfrnheim  and  Grubcr,  Lubarscb  aad 
Ostertug's  "Ergeljnisse,"  Jahrg.  3,  tor  1095,  ]i,  I ;  ulso  UViswrownn,  in  Kolle  aod  Was- 
inn's  "  Handbiich  dcr  Mikroorganiamen,"  Bd.  i,,  p,  807, 
CouBult  Tk.  Smith,  Trans.  Asaociatiou  Auifricau  Physicians,  vol.  ix.,  p  8o,  1894. 
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of  a  second  germ — streptococcus,  for  example,  with  the  anthrax  bacillus 
— may  render  a  virulent  organism  comparatively  innocuous.  But  the  con- 
ditions of  the  experiments  are  iu  either  case  so  complex  that  the  full  sig- 
nificance of  many  curious  phenomena  is  not  yet  apimfent. 

Congenital  Infection. — Infectiou  of  the  foetus  througti  such  lesions  of 
the  placenta  as  i>ermit  of  the  passiige  of  pathc^enic  micro-oi^nisms  from 
the  T)loo<l  of  the  mother  to  that  of  the  child  is  of  occasional,  but  not  fre- 
quent, occuiTence.  \Vhile  the  barriers  against  such  transmissions  are, 
tinder  normal  conditions,  effective,  disturbance  in  the  placental  circula- 
tion, lesions  of  the  vessel  walls  or  of  the  tissues  and  covering  of  the 
chorionic  villi  favor  it.  But  infection  may  occur  without  demonstrable 
evidence  of  such  lesions.  Thus  fcetal  infection  is  known  to  have  occurred 
in  varioiLs  phases  of  suppurative  inflainination,  in  tuberculosis,  typhoid 
fever,  anthrax,  syphili.i,  the  exanthematous  fevers,  etc.  There  is  con- 
siderable evidence  that  rarely  the  tubercle  bacillus  may  be  transmitted 
from  mother  to  offspring,  and  remaining  for  a  time  inactive  may  later 
induce  tlie  characteristic  lesions.' 

Terminal  Infection.— The  victims  of  chronic  disease  of  the  heart,  blood- 
ves.seU  kidneys,  liver,  etc.,  are  psirticularly  susceptible  to  the  incursions 
of  pathogenic  micro-organisms  and  to  infectious  diseases  of  one  kind  or 
another.  Such  persons,  with  or  without  definite  lesions,  are  in  fact  liable 
finally  to  snccumb  to  the  complicating  disease.  The  phrase  ^'termimtl 
infection"  has  been  applied  by  Osier  and  others  to  this  concurrence  of 
diseases  of  such  different  nature,  in  which  the  chance  infection  of  a  vul- 
nerable organism  is  so  apt  to  prove  fatal.' 

Gi-eat  care  is,  howevei-,  necessary  in  determining  the  significance  of 
the  various  forms  of  bacteria  which  maj'  l>e  present  iu  the  body  after 
death.  Not  only  may  bacteria  develop  to  a  considersible  extent  in  the 
body  during  the  hours  which  precede  duith  when  the  natural  protective 
agencies  are  baiting  or  abeyant,  but  tliis  may  occur  without  such  a  re- 
action on  the  i)art  of  the  body  cells  as  is  necessary  to  constitute  an  actual 
infection.  Furthermore,  multiplicatiou  and  distribution  of  bacteria  in 
the  body  after  death  is  of  frequent  occurrence  and  must  in  every  case  be 
taken  account  of  in  weighing  the  evidence  for  terminal  infection.' 

COMHUNICABILirT  OF  INFECTIOTIS  DISEASES. 

It  is  imxwrtant  in  practical  dealings  with  the  infectious  diseases  to 
consider  them  in  the  light  of  the  relative  liability  of  transmission  of  the 
actually  known  or  assumed  micro-organisms  from  diseiised  to  healthy 
individuals. 

In  the  first  place,  it  should  be  borne  in  mind  that  the  lower  animals 

'  For  bibliography  and  summary  of  fiptal  infection  ivp,  Lnbanch,  "Ergebnisso  dcr 
allg,  Aelinlogie  der  Slenscheo-  iind  Tliierkranklieili.'n."  Jrtiirp.  i.,  p.  427.  laOiS;  aiso 
Fuehl.  Orancker,  Comby,  and  Miirf,m'»  "TruitO  dfa  Malailius  tie  i'Knfauce,"  t.  i..  p. 
454,  bibliography. 

'  For  a  Btudy  of  tliis  cla.S8  of  cases  see  FUxiier,  Transactions  Asanciation  Aniprican 
PhyeieiaDS,  vol.  xi..  p.  229.  1896, 

'Consult  Ac/tiird  and  PhuCpin.  Arcli.de  M&l.  c.\ periiiieiitale,  vol,  vH.,  p.  85,  1865. 
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are  insnsceptible  to  the  ravage-s  of  some  of  the  micro-oi^nisins  vhicli 
readily  incite  iiifectiotis  disease  in  man.  TIiu»  the  lower  animals  are, 
BO  far  as  we  know,  naturally  immune  to  Kj'philis.  To  certain  diseases  of 
the  lower  animals,  on  the  otlier  hand,  man  is  not  subject.  But  to  certain 
other  infectious  diseases,  tuberculosis  for  example,  both  men  and  lower 
auimalB  are  susceptible,  and  both  are,  in  fact,  uuder  the  prevailing  con- 
ditions of  modern  life,  freijnent  victims. 

So  far  as  the  liability  to  the  transmission  of  the  infections  agents  from 
man  to  man  is  concerned,  there  is  a  verj'  marked  and  significant  differ- 
ence l>etweenthe  infectious  diseases.  It  is  common  usage  to  speak  of  the 
transmission  or  communication  of  disease,  as  if  disease  were  a  self-exist- 
ent thing.  Tliis  usage  fosteis  much  loose  thinking.  What  we  call  dis- 
ease is  a  process  involving  a  departure  from,  failure  in,  or  per\'ersion 
of  uormal  physiolt^ical  action,  either  in  the  material  constitution  or  in 
the  functional  integrity  of  the  living  organism.  ^VTien,  therefore,  we 
speak  of  the  transmission  or  communication  of  disease,  what  we  really 
mean  is  not  that  the  disease,  but  the  agent  capable  under  suitable  condi- 
tions of  inciting  the  disease  is  transmitted  or  commuuicatcil.  If  we  hold 
this  obvious  implication  in  mind,  it  is  useful  to  group  the  infectious  dis- 
eases of  man  into  two  great  i)rimary  classes:  1st,  Those  which  under  the 
usual  conditions  of  life  are  not  readily  communicable.  2d,  Those  which 
under  the  usual  conditions  of  life  are  readily  comnmnicablc. 

But  while,  for  convenience,  we  may  speak  of  non-eommunieable  and 
communicable  diseases,  we  should  remember  that  these  two  classes  merge 
into  one  another,  and  that  in  fact  the  agents  of  infection  may  at  least 
artificially  in  all  cases  be  con^'eyed  from  one  individual  to  another.  It 
is  only  when  the  conveyance  under  natural  conditions  occurs  in  a  ronnd- 
abont  way,  or  through  intermediary  agencies,  such  as  the  mosquito  for 
example,  in  malaria  or  yellow  fever,  that  one  may  advisedly  speak  of 
non-communicable  infectious  diseases. 

Among  the  commnniciible  infections  diseases  thei'e  exists  the  widest 
difference  in  the  liability  to  transmission  under  ordinary  circtunstauces. 
Thus  the  infectious  agents  in  smallpox  and  scarlatina  are  given  off  frOm 
the  t)ody  under  such  conditions  as  render  possible  and  frequent  their 
direct  transmission  through  the  air  to  another  individual.  lu  syphilis, 
tetanus,  and  rabies,  on  the  other  hand,  transmission  of  the  infectious 
material  is  rare  or  impossible  without  a  direct  inoculation. 

Between  these  extremes  the  \t-idest  diversity  exists  in  the  liability  to 
trausmission  of  the  infectious  agents  of  the  diseases  of  this  class.  In 
fact  the  liability  to  infection  on  the  part  of  a  healthy  individual  in  the 
presence  of  a  victim  of  infections  disease  is  largely  dependent  upon  the 
intelligent  care  which  is  exercised  in  the  disposition  of  the  material  con- 
taining the  pathogenic  micro-organism  which  in  one  way  or  another  the 
infeetetl  body  sets  free. 

So  that  while  it  maybe  useful  to  arrange  the  communicable  iufectiouB 
diseases  in  groups,  or  in  such  serial  order  as  may  indicate  the  degree  of 
communicability  of  each  under  the  ordinary  conditions  of  life,  it  should 
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always  be  borne  in  mind  that  this  classification  is  not  fundamental  as  JB 
that  by  which  the  infectious  diseases  as  a  whole  are  set  apart  from  other 
diseases,  but  is  closely  dependeut  upon  the  sauitarj-  conditions  under 
which  each  case  may  be  placed.  Thus  tuberculosis,  or  diphtheria,  or 
puetuuonia  may  be  high  on  the  list  as  readily  communicable,  if  the  pa- 
tient be  hotised  in  a  crowded  tenement  with  ignorant  or  careless  attend- 
ance, while  if  subjected  to  the  intelligent  mini8tr>'  of  sanibiry  science 
these  diseases  may  be  accounted  as  relatively  slightly  communicable.' 


Nature  and  Forms  of  Immunity. 

We  have  seen  that  un  infectious  diteane  is  one  iimted  by  the  entramx  into 
the  body  and  prMferaiUm  there  of  paihogenie  micro-organisms,  and  that  in- 
fection ig  the  act  or  process  by  which  such  a  disease  is  incited. 

The  fact  that  all  animals  are  not  equally  suweptible  to  the  ravages  of 
pathogenic  micro-organisms,  and  that  in  man  an  individual  and  often.a 
changing  predisposition  or  in\nlnerability  to  the  incursions  of  these  or- 
ganisms exists;  the  further  observation  that  one  attack  of  an  infectious 
disease  often  protects  the  vi<rtim  for  a  longer  or  shorter  time  against  a 
recurrence;  finally,  the  fact  that  recovery  is  ever  possible  when  once 
self -multiplying  disease-producing  germs  have  obtained  a  foothold  in  the 
body — all  these  facts  and  observations  are  of  such  singular  import  and 
interest  that,  especially  of  late  years,  much  study  has  been  expended  on 
the  nature  of  the  agencies  which  the  body  brings  into  play  in  establish- 
ing immunity  in  the  face  of  microbic  invasion,  and  in  coping  with  the 
various  deleterious  factors  at  work  when  once  a  foothold  is  obtained. 
The  scope  of  this  book  does  not  peimit  us  to  enter  in  detail  into  this  most 
fascinating  and  important  field.  We  can  give  only  a  brief  summary  of 
some  of  the  more  important  features. 

Immunity  is  inmtseeplihility,  or  capacity  for  resistance  on  the  part  of  the 
body  to  disease,  or  in  the  more  limited  sense  to  infection  or  inioxteation  or  their 
effects. 

If  we  recall  the  ways  in  which  bacteria  damage  the  organism,  it  will 
be  evident  that  immunity  may  be  dne  to  the  fact  that  the  miero-oi^u- 
isms  in  question  simply  do  not  proliferate  in  the  body,  failing,  even 
should  they  gain  entrance,  to  find  the  necessary  conditions.*     On  the 

'  Before  the  knowledge  of  pathogenic  micro-organEsms  bad  become  precise,  readily 
communicable  iliseasea  were  called  contagious  in  a  rather  loose  and  ill-defined  way,  and 
the  unknowD  excitaot  was  called  the  iwntaffiiim.  The  word  coulugious  is  still  used,  In 
various  senses,  to  the  delriment  of  science.  We  can  get  along  well  enough  without  it 
by  the  use  of  Ifie  word  commiinicable  as  above  indicated.  But  if  it  must  still  be  clier- 
i^cd  it  might  be  wisely  limited  to  the  exanthemata,  whose  inciting  agenis  are  more 
readily  and  commonly  transmitted  through  the  air  from  the  body  of  the  patient  than 
are  those  o(  any  of  the  other  infectious  maladies. 

*  For  a  most  suggestive  and  valuable  paper  on  the  adaptation  of  pathogenic  bac- 
teria to  different  species  of  animals  see  'nmbald  Smith,  Philadelphia  Sledical  Journal, 
May  6lh.  IflOO. 
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Other  hand,  though  the  conditions  be  in  general  favorable,  substaoces 
may  exist  or  be  fonued  in  tlie  body  which  destroy  the  invading  germs. 
In  other  words  tbes**  may  at  once  or  soon  be  disposed  of  by  germicidal 
substances,  either  in  cells  or  in  solation  in  the  body  fluids. 

Or,  the  toxic  sul>stances  which  micro-organisniH  set  free,  a»  in  the 
process  of  their  nutrition  they  decompose  oi^nic  ingredients  of  the  tis- 
sues or  body  fluids,  may  be  rendered  inei-t  by  further  decomposition  or 
combination  with  substances  present  or  formed  in  the  tissue  fluids.  Oi-, 
furthermore,  the  cells  which  are  susceptible  to  the  pi-esence  of  the  toxins 
may  become  less  vulnerable  by  adaptation  to  the  deleterious  eff'ects  of 
the  latter.  Thus  by  a  total  unsuitability  of  the  tissues  or  of  the  general 
conditions  to  bacterial  growth;  by  destruction  of  the  invading  germs; 
by  ucutnilizatiou  or  destruction  of  toxins;  or,  finally,  by  a  capacity  of 
resistance  or  tolerance  won  through  adaptation  to  a  new  and  intrinsicttlly 
harmful  environment,  we  may  coneei^'e  of  conditions  which  in  a  measure 
aoconut  for  the  known  phenomena  of  immunity. 

Inimuinty  from  an  infectious  disease  may  be  natural  or  keretHtary.' 

The  ab-solute  or  relative  insusceptibility  of  turtles  and  fishes  for  tet- 
anus, of  rats  for  anthrax,  and  of  the  lower  animals  for  syphilis  and  for 
scarlatina,  are  examples  of  here<litary  or  natural  immunity  which  we 
need  not  further  consider  liere.  Immunity  is  variable  and  rarely  abso- 
lute, and  is  subject  to  individual  as  well  as  racial  vaiiatiou. 

On  the  other  hand,  immunity  may  be  acquired.  Acquired  immunity 
may  be  secured  by  an  attack  of  the  disesiso  from  which  the  individual 
has  i-ecovered— Rfl/«rn?  immunisation.  Or,  immunity  may  be  acquired  by 
the  introduction  into  the  body  of  some  material  which  gradually  dimiu- 
isties  susceptibility  without  inducing  distim-t  disease  —  artijiciai  im- 
munization. Acquired  immunity  may  be  transmitted  from  parent  to 
offspring. 

Most  of  the  iufectiOHSi  diseases  appear  to  confer  a  certain  degree  of 
insusceptibility  to  subsequent  attiieks  of  the  same  disease,  though  this 
may  be  itarrial  and  temi>orary.  But  the  exanthemata  afford  the  most 
striking  examples  of  acquired  innnunity  after  an  attack  of  infections 
disease. 

Let  US  now  look  more  closely  at  some  of  the  ways  in  which  the  body 
may  thus  jiroteet  itself  fiom  the  conse(piences  of  infection. 

It  is  well  known  that  bacteria  artificially  introduced  into  the  blood 
of  animals  may,  after  a  short  time,  wholly  disappear  from  the  circulat- 
ing fluid,  and  be  found  iu  lai^  numbers  in  leucocytes  and  other  cells. 
We  have  ali"eady  seen  in  the  study  of  inflammatiou  (see  p.  116)  that  cer- 
tain cells  of  the  body  are  capable  not  only  of  taking  np  mici-o-orgauisms 
which  enter  the  tissues,  into  their  protoplasm,  but  may  tiiere  kill  and 
destroy  them  (Fig.  86).  This  mode  of  destruction  of  micro-organisms, 
largely  by  leucocytes,  but  also  by  other  mesodermal  cells,  which  when 

'Forastiirtvoftlic  tlieorics  of  natural  immunity  sec, VKWcr,  Cbl.  f.  Bak.,  Abtli.  I., 
Bd.  xwlv..  1903.  p|).  45S.  5.10,  7W.  Fnrn  study  with  blbliiiprapliv  of  the  pnitective 
priKCSscs  in  natural  iiiiuiUDily  Sft^  Kiid-iilt.  Zclts.  f.  Uyg.  u.  lafkr.,  \M.  Ixiv.,  1903,  p.  1. 
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tints  engaged  are  called  phagocylt'H,  pliiys  a  most  important  part  in  the 
est ablisliD lent  of  immunity.  On  tlie  other  liund,  certain  ingi-edieiits  of 
the  Iwdy  fluids,  formerly  oaII<-<l  tt/ixitm  or  "defensive  pi-oteids,"  acting 
outside  (if  cells,  haie  been  shown  to  ikwwoss  marked  gei'nii<'idal  }K)wprs. 
While  thus  it  might  appear  that  two  fairly  distinct  iigeucics  aiv  of  ini- 
l)ortane(>  in  enabling  the  body  to  resist  the  iiicni-sions  of  jialliogeuie 
germs — cellular  or  "phagocytic,"  and  what  may  l>e  callwl  the  "humoral" 
or  chemical— it  is  obvious  that  utiimately  whatever  destructive  power 


the  body  possesses  toward  micro-organisms  must  l>e  due,  dire<'tly  or  in- 
directly, to  cell  activities.  This  plnise  iif  immunity  has  been  character- 
ized iks  anti-mierobU;  aafi-bftcferial,  or  badrrioliftir  immtinit>/,  l)ecaus«!  it  is 
a  mode  of  protwrtion  in  which  Imcteria  arc  destroyed  or  their  growth  in 
the  iKxly  is  limited  or  prevented. 

Xot  less  important  is  another  phase  of  immunity — anfitoxir  immunity 
— by  whicti  the  tiody  protects  itself  agiiinst  the  toxic  substances  through 
which,  in  many  instances,  the  most  serious  manifestations  of  infection 
occur. 

These  two  forms  of  immnnity — nntitosic  and  anti-hactmal  or  Imic- 
teriolytic — will  be  considered  in  detail  in  a  following  section. 

Fnrtbermoro,  the  mici-obie  toxins  which  are  set  free  by  the  micro- 
organisms, like  other  )M>isous  may  l>e  eliminated  together  with  the  waste 
products  of  body  metabolism  through  the  kidneys,  skin.  etc. 

ARTIFII'IAI.    lUMlNIZATroS. 

General  Hethoda  and  Frinoiplea  of  Artifloi&l  ImmimizRtion.^ltr  wi)s  not 
possible  to  gain  a  clear  conception  of  the  factors  entering  into  the  com- 
plex problems  of  immnnity  nntil  animal  experimentation  hn<l  revealed  a 
host  of  significant  facts  bearing  directly  upon  questions  whicli  for  a  long 
time  had  seemed  insolable.  It  has  been  found  as  the  result  of  experi- 
mental researches,  that  artificial  immunity  can  be  secured  by  gradnully 
rendering  the  body  tolerant  to  the  jirescnce  of  the  infective  or  toxic 
agencies  withont  actaally  inciting  the  chaRu-t eristic  si>ecific  disease. 

I.  In  one  cla»it  of  procedures  artificial  immttnUg  in  nerareil  directly  or  in- 
directly through  the  action  in  the  body  of  bacteria  or  other  microbenor  microbic 
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poitoiu  utoK  rintletux  has  b€e»  t»  one  wwy  or  amclMer  reduced  Imt  mot 
rendered  aUogeUter  inert;  orhythe  action  on  retativety  infuceptibfe  animaU 
of  microbet  or  mierobic  pouotu  of  unimpaired  rindemx.  Imtnmihf  induced 
in  thi»  tray  as  the  result  of  direct  adaptation  of  the  bod$/  eeBs  to  the  ne«  con- 
ditions  is  atUed  Acrn^E  immisity. 

1.  iDSusn.'ptibility  to  particular  fonns  of  infectious  disease  may  be  conferred  by 
tnoeulation  tritk  euUiiret  of  the  gtrm  ineitiag  the  in/tetian  rfutte  Hrulenee  fuu  btta  arliji- 
eiails  red'Kttl.  This  reduction  of  virulence  of  th«  micro-organisms  may  beaccomplisbed 
(d  various  ways — by  cultivation  at  tempeniturcs  above  Uirir  optimum:  by  aucceasive 
inoculations  into  insusceptible  anintals ;  by  prolonged  artificial  cultivation  in  the  pres- 
ence of  oiygco;  by  exposure  to  certain  inorganic  chemical  substaDC^  as  the  diphtheria 
bacillus  to  tricLlorid  of  iodin,  antbnis  to  bichromate  of  potash,  etc. :  by  exposure  of 
cultures  to  organic  eitmcis  or  products  of  animal  or  vegetable  cell  metabolism;  by 
drying  (hydrophobia),  or  by  exposure  to  sunligbt ;  and  in  other  ways. 

With  the  virulence  of  the  micro-organisms  reduced  in  varying  degrees  in  one  or 
other  of  the  ways  just  mentioDed,  the  gradual  habituation  of  the  bodies  of  animals  to 
the  presence  of  pathogenic  genns  may  be  pursued  until  cultures  of  full  virulence  are 
tolerated. 

i.  Immunity  may  be  conferred  by  the  in^tion.  in  gradually  increasing  doses,  of 
the  raeliMic  products  ofbaeterial  grnath.  either  with  or  without  the  dead  bodies  of  the 
germs  themselves— the  bacilli  of  typhoid  fever  for  example.  The  primary  virulence  of 
theue  usually  toxic  products  of  microbic  growth  may  be  in  various  ways  diminished, 
by  beating,  by  mixing  with  organic  extiw^ls  such  as  that  of  the  thymus  gland,  or  with 
an  inorganic  chemical  substance  such  as  tricblorid  of  iodin.  or  by  small  doses  of  the 
already  prepared  antitoxin — see  below. 

8,  Irjmunity  may  be  secured  in  some  cases  by  the  inoculation  of  animals,  which 
are  but  moderately  susceptible  to  the  species  employed,  with  small  but  increasing  quan- 
tities <it  genii*  Imciag  iinimpiiired  TiniUnee.  Under  these  conditions  the  animal  becomes 
less  and  less  responsive  to  the  germ,  until  finally  It  niay  display  no  reaction  after  a 
quantity  of  the  virulent  culture  which  at  first  would  have  been  inevitably  fatal. 

Immunization  in  man  by  the  direct  use  of  microbes  or  microbic  poisons  or  virus  of 
dlminislicd  virulence  has  been  largely  practised  in  typhoid  fever,  cholera,  and  iiydro- 

Iii  active  iniinuiiity  the  protectne  material  is  elaborated  by  the  im- 
munized individual,  the  process  requires  considembte  time,  and  the  effect 
la.'its  for  a  considerable  period. 

II.  In  a  second  class  of  procedures  artificial  immunity  is  secured  by  the 
dirert  minyling  of  the  bwhj  fiiiids  from  an  individual  already  immunized  in 
some  of  the  above  ways  with  thoxe  of  the  individual  to  be  protected.  Immunity 
secured  in  this  way  in  which  the  immunizing  substance  med  has  been  elaborated 
by  another  individml  is  called  PASSIVE  IMMUNITY. 

1,  ExtraeU  of  niriout  organ*  ami  timiiet  of  aulmala  suHering  from  infectious  disease 
rendered  germ-free  and  injected  inio  healthy  animals,  have  been  found  in  some  cases  to 
confer  a  certain  degree  of  ininiuully. 

2.  Tlie  blood  §erum  of  animnU  naturally  immune  to  a.  particular  infectious  disease 
has  been  found  on  injection  into  ttaoso  which  arc  susceptible  to  the  same  disease  to  im- 
part in  some  casi'B  a  certain  degree  of  Insusceptibility. 

S.  Tlie  bliiod  unim  finally  of  animals  which  bavo  been  rendered  in  one  way  or 
another  nrlificiiitly  immune  to  certain  diseases,  if  introduced  under  proper  conditions 
into  anolticr  susceptible  animal,  lias  been  found  not  only  to  confer  a  temporary  immu- 
nity, but  if  administered  to  an  already  stricken  individual  to  aid  him  in  the  most  marked 
and  elHcient  way  to  overcome  tlic  deleterious  agencies  at  work. 
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The  use  of  blood  serum  of  artificially  immunized  auimals  for  this  purpose  is  of  far 
greater  prsftical  importance  than  either  of  the  methods  1  or  S. 

In  passive  immunity  tlie  protective  material  is  fnmished  ready  made, 
the  effect  is  Hecured  at  once  and  is  temporary. 

Antitoxic  Immunity. 

It  appeaJB  from  a  study  of  the  results  of  artificial  immauization,  as 
well  as  of  the  immunity  which  is  involved  iu  the  natural  recovery  from 
infections  disease,  that  one  of  the  ways  in  which  immunity  is  secured  is 
by  the  formation  of  substances  in  the  body  fluids  which  iu  some  way 
neutralize  or  Buspeud  the  action  of  texius — antUoxie  immunity. 

Thus  in  diphtheria  and  tetanus  the  antitoxic  substances  are  largely 
developed,  while  in  many  other  infectious  diseases,  such  as  cholera  and 
typhoid  fever,  it  appears  to  be,  iu  part  at  least,  through  the  bacterio- 
lytic substances  that  protection  is  secured.  While  in  many  instances 
both  of  these  types  of  protective  substances  may  be  formed  during  im- 
munization, oue  or  the  other  is  usually  preponderant.' 

The  antitoxic  substances  are  most  closely  related  to  the  globulins, 
but  beyond  this  their  chemical  nature  has  not  been  definitely  ascertained.' 

The  effect  of  antitoxin  iu  the  blood  iu  rendering  harmless  the  toxic 
substences  which  they  form  apparently  is  accomplished,  not  by  the  de- 
strnctiou  of  the  toxins,  but  by  a  chemical  union  of  toxin  with  antitoxin, 
whereby  the  former  is  deprived  of  its  capacity  to  injnre  cells. 

The  knowle4^  of  this  antitoxic  immunizing  action  of  si>ecially  en- 
dowed blood  serum  has  been  most  fully  developed  in  diphtheria  and 
tetanus. 

During  the  growth  of  the  diphtheria  bacillus  in  nutrient  broth  a  toxic 
substance  is  developed  which  mingles  with  the  broth.  This  is  called 
diphtheria  toxiu,  and  subcutaneous  injections  of  this  toxin  iu  animals 
— guinea-pigs,  for  example — prove  fatal,  in  appropriate  dosage,  with 
symptoms  and  lesions  similar  to  those  caused  by  inoculation  with  the 
living  germ.  It  has  been  found  that  by  repeated  injections  of  the  diph- 
theria toxins  in  susceptible  auimals,  at  first  with  small,  then  with  gradu- 
ally increasing  doses,  the  animal  may  at  length  become  so  insusceptible 
to  the  action  of  the  poison  that  many  times  the  usually  fatal  dose  is 
borne  without  sensible  reaction.  Similar  immunity  can  be  conferred  in 
certain  animals  by  the  use  of  the  living  cultures  of  the  diphtheria  bacil- 
lus either  fully  virulent  or  with  reduced  virulence  (see  p.  174),  adminis- 
tered at  first  in  small  doses  which  are  gradually  increased. 

In  whichever  way  immunity  be  conferred,  it  has  been  found  that  the 

'  The  damage  or  destruction  of  bacteria  hj  on  ti- bacteria  I,  bactericidal,  or  liacterioiytic 
substances  naturally  limits  or  prevents  the  formation  of  toxic  materials  bv  the  tnlcro- 
organisms.  altbougli  the  cells  of  Ihe  body  ma^  be  very  susceptible  to  the  action  of  these. 
Bo  that  the  abseoce  of  evidence  of  the  establishment  of  aotitoxlc  immunity  in  an  infec- 
tious disease  may  mean,  not  that  the  body  la  incapable  ut  this,  but  only  that  no  oppor- 
lanity  is  offered  for  its  development. 

'See  Hitt  and  Aikituon,  Journal  of  Experimental  Medicine,  vol.  v.,  p.  47,  IdOO. 
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blood  of  tlie  artificially  immunized  animal  coutains  a  Hubstance,  or  sub- 
stances,  calk'd  diphtJierut  ani'dojtia,  which,  on  being  introduced  with  the 
blood  serun\  into  other  susceptible  animals,  may  not  only  confer  a  quickly 
established  immunity^passive  immunity — but,  without  destroying  the 
diphtheria  germ,  may  protect  against  its  toxic  effects  when  the  disease  is 
already  under  way.  Thus  throngh  the  artificial  immunization  of  horses 
and  the  hypodermatic  use  of  the  serum  of  their  blood  in  man  the  so-called 
"st'riim  therapy"  has  n.ssumed  a  verj'  important  and  beneficent  r61e  in 
the  prevention  and  treatment  of  diphtheria.' 

Results  similar  to  those  obtained  in  the  study  of  diplitheria  antitoxin 
have  l>een  realized  in  the  investigations  of  tetanus.  But  the  practical 
I'alne  of  Ihe  tetanus  antitoxin  as  a  therapeutic  agent  is  less  obvious.  It 
has  been  shown  furtlier  that  antitoxic  senv  may  be  developed  in  the  body 
during  immunization  to  snake  venom,  vegetable  poisons,  such  as  ricin, 
and  to  other  albuminous  animal  and  vegetable  materials.  Thus,  also, 
through  experimental  iulaplation,  the  living  body  cells  may  elaborate  and 
wt  fi-ee  into  the  sei'um  substances  wliieh  suspend  the  aetion  of  ferments, 
like  rennet,  pancreatiu,  fibrin  ferment,  etc. 

Not  all  toxic  substances,  however,  are  capable  of  inciting  the  living 
body  to  the  formation  of  antitoxic  substances ;  nor  ai«  these  apparently 
fonned  in  such  considerable  amount  in  most  of  the  infectious  diseases, 
as  is  the  case  in  diphtheria  and  tetanus. 

The  action  of  these  antitoxic  substances  is,  within  certain  limits,  spe- 
cific; that  is,  the  antitoxin  of  diphtheria  protects  against  diphtheria, 
that  of  tetanus  against  tetanus,  etc' 

EHBLIOH'S   "SIDE-CHAIN"  HTPOTHSSIB. 

Wc  liftve  seen  tliat  u  most  remarkable  Rerio^  of  fucts  is  developed  t>y  our  studies  of 
Infectious  diseases  illmniuated  by  tlic  results  uf  animal  experimeutatioo.  When  the 
living  body  is  invadwi  by  a  cerlain  toxic  eomplcJi  organic  material,  not  always  of  mi- 
croblc  origin,  the  body  adapts  itiK'lf  to  the  new  conditions  by  the  elaboration  of  sub- 
sUnces  which  protect  it  from  tbeactiuDof  that  poison.  Each  new  protective  substance 
ia  effective  against  tlie  particular  poison  which  induced  its  formation.  Not  only  this, 
but  if  the  blood  serum  containing  these  new  protective  substances  be  transferred  to 
another  individual  tlicy  protect  liim  also — pasuvu  immunity— against  the  special  poison 
which  called  them  forth  in  the  body  of  the  Bret. 

How  are  we  to  conceive  of  this  wonderful  adaptive  power  of  the  living  body  under 
conditions  which  seem  to  be  wholly  new  in  tlic  life  ot  the  iudividual;  a  power  which 
at  first  apjjears  to  tmusecnd  the  Itnown  capacities  of  the  l>ody  ceils? 

'Thcantitoxic  value  or  power  of  each  specimen  of  antitoxic  scrum  isespei^mentally 
determined  by  Unding  tbe  amount  of  the  serum  required  to  protect  the  test  animal 
against  the  action  of  a  definite  amount  of  toxin  of  known  strength.  Various  standards 
have  l>cen  adopted,  the  value  of  tlie  scrum  being  expressed  in  terms  of  the  "anti- 
toxin unit."  For  example,  in  the  determioatioii  of  anlitoxia  value  made  use  of  by  the 
Department  of  Healtli  of  the  City  of  New  York,  an  antitoxin  unit  is  the  amount  of 
antitoxic  serum  required  to  protect  a  guinea-pig  weighing  350  grammes  from  death, 
when  one  liundred  times  the  fatal  dose  of  diplitheria  toxin  is  mixed  with  ttie  serum  and 
tlie  mjxture  Injected  subcutaneously  into  tbe  animal.  The  usual  dose  for  liumao  ad- 
ministration may  contain  from  three  hundred  to  six  thousand  units. 

'For  a  detailed  consideration  of  the  specllieity  of  firfectious  agents  see  E«Ue\a 
Kolleand  Wussemiaun's  "Uandbuch  derMlitroorgaiiismen,"  Bd.  i,.  p.  388. 
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Tbis  singular  rapacity  vf  tlic  Ixxly  cells  to  develop  in  emergCDcies  apparently  new 
BUbstBDces  has  naturally  given  rise  to  niucb  sfiidy  and  to  many  speculations  un<t  hy- 
potLeses.  The  scope  of  this  book  does  not  permit  even  an  eauincration  of  tliese.  Bui 
it  is  necessary  to  briog  forward  at  least  iu  outline  tlie  so-cuUed  "side  cliain  "  hypothecs 
of  Ebrlich.  by  ivliicli  lie  strove  to  Hceoiint  for  tlie  plienouiena  of  antiloxic  immunity  as 
exemplified  witb  especial  clearness  i[i  diplitberia  and  tetanus.  Without  tbis  hypotbesis 
vre  are  to-day  still  practically  at  sea  in  our  views  of  the  nature  of  autjtoxic  Immunity, 
wbile  this  remarkable  capacity  of  tbe  bo<ly  to  manufacture  the  greatest  variety  of 
potent  specific  Bnti<lotes  to  the  most  subtle  and  virulent  poisons  becomes,  for  tbe  flrat 
time,  comprehensible  in  the  light  of  tliis  ingenious  conception.  It  is  now  several  years 
since  Ehrlich's  hypothecs  was  enunciated,  and  whatever  may  be  Us  merit  as  a  direct 
contribution  to  science,  there  can  be  no  doubt  that  it  has  been,  in  a  remarkable  degree, 
aa  inspiration  to  the  most  fruitful  research.  It  ia  practically  impossible  to  follow  tbe 
recent  work  on  immunity  without  a  knowledge  of  this  hypothesis  and  familiarity  with 
the  nomenclature  to  which  it  lias  given  rise. 

In  order  to  comprehend  tbe  hypothesis  of  Ehrlich  regarding  the  origin  anil  nature 
of  antitoxin,  it  is  necessary  for  us  to  form  with  him  a  clear  conception  of  cell  assimila- 

We  conceive  of  the  cell  as  a  mechanism  for  tbe  storage  of  energy  deriveil  from 
vithout  and  for  its  release  under  definite  conditions.  Tbis  storage  of  energy  is  possible 
through  tbe  assimilation  and  building  up  by  the  cell  of  complex  molecular  comblna' 
tions.  These,  owing  to  their  instability,  are  readily  resolved  into  less  complex  and 
more  stable  combinations  witb  the  release  of  the  stored-up  energy.  Thus  is  tlie  life  of 
the  cell  manifested. 

Tbis  broad  conception  of  the  cell  is  a  purely  intellectual  one,  however,  for  the  de- 
tails of  cell  metabolism  still  elude  tbe  keenest  scrutiny  of  the  themiat.  lie  cannot  for- 
mulate protoplasm  nor  express  its  chemical  changes  by  proportionate  symbols. 

Now,  accepting  this  condition  of  affairs  as  for  tbe  moment  inevitable,  Ebrlicb 
seeks  to  express  his  view  of  tbe  character  of  the  cell's  performances  iti  general  terms, 
disregarding  its  morphological  peculiarities,  somewhat  as  follows:  We  mayconccive  of 
the  cell  as  consisting  of  a  central  group  of  very  comple.x  molecular  combinations  which 
maintains  the  characteristics  and  special  capacities  of  tbe  cell  as  an  organism  under  all 
tbe  vicissitudes  <if  Its  existence.  Associated  with  tbis  central  organic  group  are  many 
and  varied  subsidiary  atom -complexes  which  by  means  of  their  unsatisfied  afHnities 
bring  tlie  central  group  into  relationsliip  with  food  material  through  those  chemical 
combinations  which  In  living  protoplasm  characterize  assimilation. 

These  unsatisHed  aftinitles  by  which  assimilable  material  is  fixed  or  united  to  the 
cell  have  been  calle<l  "side  chains."  a  term  adopted  from  tbe  chemist.  Not  to  press  too 
closely,  however,  tlie  analogy  between  the  chemical  processes  in  lifeless  substances  and 
aswroilalion  in  living  matter,  these  atflnitles  or  "side  chains"  of  protoplasm  are  now 
commonly  called  rrreptort. 

If  we  seek  to  illustrate  Ehrlich's  conception  we  shall  be  obliged  to  use  graphic 
figures  of  extreme  crudity.  If  the  arc  of  a  circle  in  Pig.  87  represents  a  portion  of  the 
periphery  of  &  cell,  we  may  indicate  the  side  chains  or  afiinities  or  receptors  by  projec- 
tions whose  special  shape  shall  indicate  their  special  capacity  to  combine  with  any 
substance  coming  In  contact  with  them  under  favorable  conditions.  Suppose  iu  this 
figure  we  let  a  represent  a  nutrient  molecule  which  is  capable  of  combining  with  the 
receptor  b,  belonging  to  the  cell  A  Through  its  union  with  b,  and  only  through  this, 
is  it  Cftpabie  of  entering  into  tbe  metabolism  of  tbe  cell.  Tbis  molecule  a  cannot  unite 
with  tbe  receptor  c  or  d,  but  only  with  sucli  receptors — to  use  tbe  crude  expression 
which  our  illustration  requires— as  It  fits.  Through  tbe  receptors  e  and  ri  other  forms 
of  food  molecules  may  enter  into  the  metabolism  of  the  cell. 

Thus  it  is  in  Ehrlich's  conception,  which  after  all  is  only  a  graphic  way  of  illustrat- 
ing the  preliminary  phases  of  assimilation  by  living  protoplasm,  tluit  the  cell  ia  capable 
of  selecting  or  "  Hxlng  "  out  of  tbe  host  of  various  substances  with  which  it  comes  in 
contact,  Just  those  and  only  those  to  which  its  receptors  bear  a  definite  chemical  rela- 
tionship 
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Tlie  same  thing  is  Irue  of  toxic  as  of  nutrient  subBtances.  In  order  to  be  toxic  to 
the  cell  they  must  enter  into  chemical  tombioatloD  with  a  suitable  receptor  of  the  ceU. 
Then  only  can  they  lead  to  the  forms  of  damage  which  we  are  here  considering.' 

As  the  result  of  many  studies  on  tha  nature  and  effects  of  toxlus,  Ehrlich  is  led  to 


[J 


U  body  :  . 


•  through  which 
group;  and  the 
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believe  that  the  tojiin  molecule  consists  of  two  forms  of  affinities 
the  chemieal  union  with  the  cell  is  effected— called  the  haptopk 
other — called  Che  toso|]lioroua  group — by  which  the  damage 
to  the  cell  is  brought  about  when  once  the  toxin  molecule  is 
anchored  to  it. 

This  couceplion  maj  l>c  illustrated  as  in  Fig.  88,  in 
which  the  toxophorous  group  a  of  the  toxin  molecule  can  be 
effective  in  damaging  the  cell  only  when  united  to  the  latter 
by  the  haptopliorus  group  b.' 

Having  now  conceived  of  the  living  cell  as  consisting  of 
a  central  essential  complex  molecular  group,  brought  into  re- 
lationship with  its  food  materials  by  means  of  a  great  number 
of  the  most  varied  receptors,  through  which,  under  normal 
L-onditions.  assiniilation  is  secured,  let  us  sec  what  may  hap- 
pen if  tnsins  come  in  contact  with  living  cells  which  arc  fur-  ^^  Toinphorous  itroup: 
Dished  with  receptors  capable  of  uniting  with  them.  f"-  hapiopboroua  group. 

The  uuioQof  the  toxin  molecule  with  the  living  cell  being 
effected,  tlic  cell  is  more  or  less  damaged.     If  the  damage  be  sufHcient,  the  cell  dies. 

'  It  is  evident  from  what  has  been  said  abotit  the  conditions  under  which  substances 
can  be  toxic  that  the  natural  immunity  of  one  animal  to  a  given  agent  which  is  toxic 
in  another  may  bo  simply  due  lo  tlie  fact  that  the  cells  of  the  former  have  no  receptors 
with  which  Ibis  agent  can  unite,  or  it  this  union  does  take  place  that  the  cell  is  not 
thereby  <lamaged.  This  consideration  has  an  Important  bearing  upon  our  conception 
of  natural  immunity. 

'  Elirlich  was  le<l  to  this  belief  in  the  complex  nature  of  tlie  toxin  molecule  through 
the  curious  fact  that  diphtheria  toxin  may  under  a  variety  of  conditions  lose  its  toxicity 
but  still  retain  its  capacity  of  neutralizing  antitoxin  an<l  also  of  uniting  with  cells,  and 
thus  inducing  tlie  formation  of  antitoxin  in  Ihe  animal  body.  Such  toxin  molecules 
deprive^l  of  the  toxophorous  group  are  called  ioraids. 
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But  suppose  tlio  damage  to  be  but  slight,  an  may  be  the  case  in  nrtiScial  ln)inun[z&- 
liop  or  in  early  slagea  of  an  iDfection.  The  coll  is  at  k-ast  deprived  of  tlie  useful  offices 
of  the  reeeptor  to  which  the  toxin  molecule  ia  nowuniied.  This  is  in  itself  a  loss  to  the 
cell,  and  through  the  regeDeretlve  impulses  common  to  all  living  cells  it  proceeds  lo 
regenerate  the  lost  parts,  which  in  this  case  arc  the  receptors.  But  as  more  receptors 
are  tlirown  out  of  function  by  the  coutiuued  action  of  tlie  toxin,  the  necessity  for  cnm- 
pensalion  continues. 

Now  it  is  H  fact  long  known  to  pathologists,  and  especially  cmpliasized  by  Wcigert, 
that  the  icgenerativo  impulse  is  apt  to  be  in  excess  of  the  obvious  requirements  aud 
leads  to  overproduction  of  new  cells,  tissues,  chemical  sulistances.  etc.  Tliis  is  what 
now  bappena  to  the  cells,  some  of  whose  receptors  have  been  rendered  useless  by  com- 
bination with  the  toxin.  New  receptors  arc  formed,  more  than  the  cell  requirea;  so 
numerous  may  these  becorae  tbnt  n»any  are  at  last  cast  off  into  the  blood.  Here  is  the 
point  at  last.  Thtue  retepton  or  salManeta,  normal  and  umfut  to  the  body,  but  noui  formed 
in  eJa»i  through  oter-eoiapeittaiioa,  and  ut  frrefroni  the  celt*  into  the  bodyfiaidt.  are  the 

For.  set  free  in  the  body  fluids,  theae  superfluous  receptore  still  retain  their  com- 
biDing  power  for  the  free  toxin  molecules,  which,  also,  are  in  solution  in  tlie  body  fluids, 
and  unile  with  them.  This  union  having  been  elTccted,  the  toxin  molecules  are  no 
longer  a  menace  (o  the  cell,  because  the  alflnities  are  now  satisBcd  through  which  they 
joined  the  receptors  while  these  were  still  a  part  of  ihe  coll,  and  in  this  way  became 
harmful.  This  now  inert  combination  of  toxin  molecules  and  detached  receptors  is 
physiologically  indifferent  stuff,  and  may  bo  removed  from  the  body  by  the  usual  proc- 
esses of  excretion. 

But  the  antitoxin  which  has  not  united  with  toxin  in  the  body  of  tlie  anlmat 
which  produced  it  Is  still  available  on  the  transference  of  the  serum  to  another  in 
dividual  whose  blood   contains  diphtlieria  toxin,  and  who  may  thus  secure  passive 

If  we  have  recourse  again  to  .the  graphic  method,  the  liyperpnNluction  of  recep- 
tors by  the  damaged  cell,  tlieir  separation,  and  their  action  as  antitoxin,  may  lie  indi- 
cated, as  in  Fig.  8ft.  Let  A  represent  a  portion  of  a  cell  body.  The  toxic  molecules 
a.  uniting  with  the  receptors  b,  lead  through  Ihe  injury  to  the  cell,  as  well  as  by  its 
deprivation  of  the  normal  use  of  b,  to  the  production,  and  at  length  to  the  overproduc- 
tion of  new  receptors  of  the  same  kind.  These  superfluous  receptors  e  are  now  set  free 
into  the  body  fluids,'  where,  as  at  j,  they  may  freely  unite  with  the  toxin  molecules, 
forming  harmlesa  compounds  and  preventing  further  acccaa  of  the  toxin  to  the  ceil, 
where  alone  the  damage  can  be  done.  Or,  when  free,  as  ut  y,  the  receptors  may  be 
transferred  in  the  senim.  becoming  effective  as  antitoxin  in  another  individual. 

It  is  well  to  note  that  so  long  as  the  receptor  maintains  its  connection  with  the  cell 
it  is  not  antitoxin,  but  an  element  of  vulnerability  to  the  cell.  It  is  only  when  the 
receptor  has  been  set  free  from  the  coll  that  it  is  antitoxin. 

The  antitoxic  substance  which  neu trail zea the  action  of  IJie  toxin  molecule  of  diph- 
theria is  not  effective  for  Ihe  poison  of  tetanus,  for  example,  slmj)ly  because  it  docs  not 
comt>ine  with  the  molecule  of  leianus  toxiu.  It  ie  spcciflc  for  dlphthcriB,  because  it 
was  the  diphtheria  toxin  which  excited  ita  overprotluction  through  a  chemical  union 
identical  in  character,  whether  this  union  takes  place  while  ttie  receptor  is  a  part  of  the 
cell,  in  which  caac  the  toxin  becomes  harmful,  or  when  the  receptor  is  detached  from 
the  cell,  in  which  case  the  conibinalion  ia  harmless. 

In  the  light  of  this  hypothesis  the  specific  character  of  the  antitoxic  substances 
appears  to  be  but  the  result  of  adaptalion  to  unusual  conditions  of  cell  capacities  evolved 
and  fostered  for  the  every -day  maintenance  of  life.  Tiie  specific  relationship  between 
Ibc  toxin  and  the  antitoxin  is  not  developed  during  Immunization,  but  existed  before- 
bond  as  a  necessary  condition  of  toxic  action. 

This  hypothesis  not  only  accounts  for  the  formation,  protective  action,  and  sped- 
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ficity  of  aotitoxin,  but  reveals,  also,  a  Bpeoial  significance  in  tlie  incubatioa  period,  <1ur- 
iDg  wliicli  the  coDscrvativu  forces  are  mustering.  We  can  realize,  furthennore,  in  Che 
light  of  tliia  bypottiesis,  how  it  is  tliaC  the  protection  aenured  lu  active  imDiuDlzatloo  ia 
less  inimeillatc  and  also  wliy  it  Is  more  prolonged  than  in  tlie  paasive,  since  in  the  latter 
thcavnilablc  antitoxin  Is  limited  lo  tlie  dosage  and  is  not  replcniahed  aa  In  active  Im- 
munity  by  the  continued  cell  activities  of  llie  aSected  individual  himself. 

Tlie  conception  of  Elirlich  as  to  the  nature  of  aniltoxlti  ia  that  of  the  cbemist,  and 
carries  over  to  the  jierformances  of  protoplasm  the  presumptions  upon  n-bich  cliemicsl 
"n  general  are  conceived  and  formulated.     But  this  is  not  an  easy  matter,  since 


M.  — DlAQBAH    iLLUSTRlTINa    THK   FORMATION    AKtl  ACTION  Ot   ANTt 
EllRLieirs  "  Slim-CMAIN  "  Htpothesis. 

I,  PunloooTccll  bDdT:  b.  rereplan  minbined  wlUi  cell  protuplasm  ;  e 


our  knowledge  of  the  ultimate  phases  of  protopiaamic  metabolism  Ik  very  incomplete. 
The  physiological  cbcmist  presents  tii  us  as  his  flnal  aeiiievomeiit  in  analysis  an  ex- 
tremely elaborate  complex  wliicli  he  calls  the  protcid  molecule.  This  he  does  not  yet 
venture  to  formulate.  Tlius  it  is  that  wlien  we  attempt  to  Illuatrate  in  graphic  fashion 
our  conception  of  the  performances  of  proteid  molecules,  either  in  normal  metaboliam 
or  In  poisoning,  we  aiv  forced  to  use  tlic  crudest  of  symbols.  The  use  of  aucb  aymbols 
is  not  without  hazard,  for  these  loxins  and  these  receptors  arc  in  truth  not  bistologieal 
structures,  but  molecular  groups;  they  ore  not  alone  upon  Ihc  surfaces  but  through 
all  the  mass  of  the  proCoplaain.  They  do  not  "  break  "  off  from  the  cell,  biit  are  set  free 
as  arc  other  chemical  substances  which  result  from  molecular  transformations.  Thus 
if  one  cannot  at  last  translate  these  uncouth  symbols  Into  the  nice  conceptions  of  the 
chemist  they  will  prove  but  stumblin,^  blocks. 

There  has  been  much  discussion  of  Elirlich's  hypothesis,  and  it  has  withstood  many 
asaaults.  mostly  inspired  by  misconceptions  of  the  fundamental  claims.    The  scope  of 
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this  book  docs  not  pemiit  ua  to  consider  the  man}'  and  iu^nloua  experiments  by  wbjcli 
this  view  of  antitoxic  immuDity  Las  been  sustaiDcd,  nor  is  it  practicable  now  to  call 
attention  to  maoj  of  ttie  pbenomeoa  not  yet  accounted  for  or  seemingly  u  ai  t  t 
wilb  tiie  interpretations  liere  set  forth 

It  Ls  a  working  hypothesis  which  no  doubt  indicates  but  crudely  the      t  f  th 

sulitic  processes  concerned,  as  must  Indeed  be  the  case  while  our  knowleds  f  tb 
phases  of  energy  wliich  sway  and  determine  life  are  still  very  meag  b  t  t  1  as 
ftlrcaily  inspinil  much  fruitful  rosenrch  which  is  an  imporlaut  feature  of  w  ki  g  by 
polhcses  in  whatever  Held,  and  whatever  their  ulllmatc  fate. 


Bactericidal  or  Anti-bacterial  Immunity  (Bacteriolytic 
Immunity). 

All  pstended  series  of  studies  ou  artificial  immnnization  has  shown, 
as  we  have  seen,  that  in  relatively  few  instances,  notably  in  diphthei'ia 
aad  tetanus,  is  the  protection  secured  by  the  formation  of  antitoxic  sub- 
stances. Nevertheless,  when  in  some  of  the  ways  detailed  above  (p.  174) 
ail  animal  has  been  gradually  adapted  to  cultures  of  pathogenic  bsicteria 
either  living  or  dead,  or  to  their  products,  it  hag  been  found  that  the 
body  fluids  contain  protective  substances.  The  protective  action  in  these 
instances  in  some  cases  has  been  shown  to  be  associated  with  the  induc- 
tion of  morphological  changes  in  bacteria  which  indicate  their  damage 
or  destruction — bacteriolysis.  Active  immunization  in  man  with  the 
dead  bodies  of  their  respective  bacteria  has  been  widely  practiced  in  ty- 
phoid fever,  Asiatic  cholera,  and  plague,  with  apparently  favorable  re- 
sults, while  the  use  of  the  serum  of  immunized  animals,  in  these  and  cer- 
tain other  diseases,  has  not  l>ecu  thus  far  very  encouraging  in  conferring 
passive  immunity. 

While,  therefore,  the  data  at  band,  in  those  artificial  immunizations 
whicli  are  not  antitoxic,  point  to  the  germicidal  and  bacteriolytic  action 
of  substances  developed  in  the  body  as  the  important,  if  not  the  domi- 
nant protective  factore,  there  may  be  many  other  processes  contributing 
to  the  same  end,  which  are  as  yet  not  clearly  defined.  Thus,  there  may 
be  increased  phagocytosis ;  vulnerable  body  cells  may  become  less  suscep- 
tible, the  growth  of  bacteria  may  be  inhibited  though  they  be  not 
destroyed,  etc.     But  these  possibilities  cannot  be  di.scussed  here. 

Furthermore,  it  should  not  be  forgotten  that  the  antitoxic  action  of 
protective  sera  may  often  be  associated  with  those  agents  which  directly 
damage  the  infecting  oi^njsm. 

As  regards  the  destruction  of  bacteria  in  the  body,  we  have  seen  that 
this  may  take  place  directly  through  the  action  of  phagocytes  or  by  the 
action  of  the  body  fluids.  But  the  details  and  exact  nature  of  this  de- 
structive process  have  been  extremely  difficult  of  study,  owing  to  their 
complexity  and  the  minuteness  of  the  micro-oi^nisms.  Quite  recently, 
however,  a  series  of  remarkable  studies  in  a  related  field  have  led  to  a 
clearer  conception  of  the  ways  in  which  bacteria  and  many  other  alien 
organic  substances  are  destroyed  in  the  body,  nnder  ordinary  circum- 
stances as  well  as  nnder  the  special  conditions  which  infection  involves. 
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Several  years  ^o,  Pfeiffer  sliowed  that  the  blood  serum  of  a  gaioea- 
pig,  artificially  immunized  agaiust  the  cholera  vibrio,  was  capable,  under 
certain  conditious,  of  not  only  immobilizing  and  killing  cholera  germs  in 
a  short  time,  but  also  of  causing  their  disintegration  and  destruction. 
This  significant  capacity  of  immune  serum  was,  aftei'  a  long  series  of  ex- 
periments, finally  found  to  be  due  to  two  distinct  substances.  One  of 
these  appeai'ed  to  be  formed  in  the  body,  as  the  result  of  the  gradual 
adaptation  of  the  animal  to  the  cholera  microbe,  and  was  called  the  im- 
mune substance.  The  other  seemed  to  be  normally  present  in  the  serum 
of  the  warm-bloo<led  animals,  and  to  be  identical  with  the  substance 
which  had  long  been  regarded  as  in  itself  germicidal,  and  which  had 
been  called  by  Buechuer  alexin.  It  was  presently  foimd  that  lysis  of  the 
cholera  microbe  occurred  only  when  these  two  substances  act  together, 
neither  of  them  when  separate  having  1  j'tic  power.  If  the  two  substances, 
the  immune  substance  and  the  alexin,  lytic  when  together,  are  heated  to 
Bti"  C,  the  lytic  capacity  is  lost.  But  if  a  small  amount  of  fresh  blood 
serum  containing  alexin  be  now  added,  the  lytic  power  is  at  once  re- 
stored. These  curious  facts,  set  forth  in  part  by  Pfeiflfer  and  further 
develoi)ed  by  Bordet  and  MetschuikofF,  obviously  have  au  important 
bearing  upon  onr  conception  of  the  processes  by  which  those  phases  of 
immunity  are  securetl  in  which  the  destruction  of  micro  ot^nisms  plays 
an  important  part. 

But  the  study  of  the  effects  of  lytic  sera  upon  bacteria  is  one  of  great 
technical  difficulty,  so  that  it  is  only  since  an  important  series  of  obser- 
vations were  made  upon  the  Ijiic  action  of  the  body  fluids  on  other  and 
more  easily  studied  forms  of  ceils,  that  our  conception  of  the  nature  of 
bacteriolysis  has  become  at  all  clear. 

It  is  therefore  uec&isarj'  for  us  to  look  briefly  at  a  new  line  of  research 
bearing  upon  bacteriolytic  immnnity  which  has  already  led  to  most 
siguificant  results  and  ojwned  biological  fields  of  great  scope  and  com- 
plexity, 

CytolyslB. — It  has  been  known  for  some  time  that  the  blood  serum  of 
one  animal  species,  when  injected  into  the  vessels  of  another,  may  do 
serious  damage  and  even  kill  the  latter  through  a  rapid  separation  of 
the  hiemoglobin  from  the  red  blood -corpuscles.  This  dangerous  effect 
brought  to  a  speedy  end  attempts  which  were  at  one  time  made  to  sustaiu 
the  ebbing  forces  of  life  by  the  transfusion  of  alien  blood.  But  the  sig- 
nificance of  this  so-called  "laking"  of  the  blood  by  mixture  with  alien 
sera  was  overlooked. 

Bordet,  however,  was  recently  led  to  inquire  whether  if  the  animal 
body  be  capable  of  a<lapting  itself  to  toxic  substances  and  to  bacteria  in 
such  ft  way  as  to  neutralize  the  effects  of  toxins  and  to  destroy  bacteria, 
as  had  been  shown  by  earlier  experiments,  it  may  not  respond  similarly 
to  the  introduction  of  other  foreign  substances,  such  as  alien  red  blood 
cells,  for  example. 

The  blood  serum  of  the  guinea-pig  is  not  normally  lytic  for  the  red 
blood  cells  of  the  rabbit;  that  is,  it  does  not  cause  the  separation  of  the 
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hsemoglobin  from  the  stromata,  with  a  partial  destruction  of  the  latter.' 
Xow  Bordet  injected  a  few  cubic  ceutimeti-ea  of  the  nhippcd  blood  of 
the  nibbit,  contaiuiiig  the  serum  and  red  blood  cells,  into  the  subcutane- 
ous tissue  or  peritoueal  cavity  of  normal  guiuea-pigs.  This  operation, 
-which  does  uot  markedly  interfere  with  the  well-being  of  guinea-pigs, 
was  repeated  five  or  six  times  with  intervals  of  a,  few  days.  Wheu  now 
blood  was  drawn  from  the  treated  pig,  allowed  to  clot,  and  the  clear 
senim  secured,  it  w^  found  to  have  become  markedly  lytic  for  rabbit 
corpuscles.  A  verj-  small  proportion,  mixed  with  rabbit's  blood  diluted 
with  physiological  salt  solution,  in  a  short  time  brought  the  hsemoglobin 
into  a  clear  ruby  solution  in  which  the  stromata  or  "ghosts"  of  the  cor- 
puscles floated  as  a  pale  and  scarcely  visible  cloud.  This  process  is  called 
htemotymf :  serum  possessing  this  capacity  Js  called  hmnoit/tic  or  h<Emotoxie 
semrn. 

This  adaptation  of  one  animal  to  the  re<l  blood  cells  of  another  species 
may  be  accomplished  without  difficulty  with  a  great  variety  of  animals. 

But  a  most  remarkable  thing  about  this  newly  acquired  lytic  capacity 
of  the  serum  is  that  it  is  limited  to  the  red  corpuscles  of  the  species  of 
animal  whose  blood  was  used  for  the  injection — in  Bonlet's  experiment 
to  the  corpuscles  of  the  rabbit.  Red  blood  cells  of  the  dog,  cat,  sheep, 
bovines,  fowl,  etc.,  are  no  more  affected  by  this  serum  of  a  guinea-pig 
which  has  been  adapted  to  the  blood  of  the  rabbit  than  they  were  before. 
In  other  words,  the  adaptation  to  foreign  corpuscles  is  specific. 

The  statement  that  this  adaptation  to  alien  blood  is  specific — that  is 
to  say,  that  the  serum  becomes  active  only  for  the  corpuscles  of  the  spe- 
cies injected,  should  be  so  qualified  as  to  recognize  the  curious  fact  that 
a  slight  degree  of  lysis  may  often  be  induced  in  corpuscles  of  species  of 
animals  very  closely  related  to  those  from  which  the  injected  blood  is 
derived.  For  example,  if  a  i-abbit  be  adapted  to  human  blood  by  intra- 
peritoneal injections,  the  serum  of  this  rabbit,  now  strongly  lytic  for  the 
corpuscles  of  man,  may  be  slightly  lytic  for  the  corpuscles  of  monkeys. 
Similarly,  senun  artificially  lytic  for  the  red  cells  of  goats  may  be  slightly 
lytic  for  those  of  sheep,  but  not  for  the  corpuscles  of  cats,  dogs,  man,  etc.  ■ 

This  form  of  test,  delicate  beyond  anything  hitherto  known  in  physi- 
ological chemistr}',  may  thus  prove  of  value  in  defining  the  relationships 
and  limitations  of  animal  species. 

This  preliminary'  observation  of  Bordet  was  followed  by  a  series  of 
studies  upon  artificial  hieraolysis,  the  results  of  which  we  can  only 
briefly  summarize.  In  the  first  place,  to  what  isthis  remarkable  acquired 
lytic  capacity  of  the  serum  due  t  Bordet  heated  for  half  an  hour  to  56°  C. 
some  of  the  lytic  serum  secured  by  adapting  the  guinea-pig  through  sub- 
cutaneous injections  to  the  red  blood  cells  of  the  rabbit.  He  found  that 
it  bad  completely  lost  its  new  lytic  power.     But  when  he  now  added  to 

'  While  the  serum  of  llie  guinea-pig  is  not  normally  lytic  for  the  corpuscles  of  the 
rebbit,  ihe  serum  of  the  rabbit  iu  lytic  for  the  corpuscles  ot  the  guinea-pig.  Simiiarly, 
normal  rabbit  serum  is  not  lytic  for  the  beef  corpuaclea,  but  bi'ef  serum  is  lytic  for  the 
corpuscles  of  rabbits  and  guinea-pigs. 
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this  inert  serum  a  little  fresh  blood  serum  from  a  uonital  guinea-pig, 
which  is  Dot  in  itself  lytic  (see  ]>.  182)  the  original  dissolving  power  of 
the  heated  serum  for  rabbit  corpuscles  was  at  once  restored.  Tbe  iulfer- 
euce  from  this  experiment  is  obvious.  Tbe  dissolving  capacity  of  this 
artificially  lytic  seiiini  is  due  to  two  distinct  substances.  Oue  of  these, 
that  one  which  results  from  the  adaptation  of  the  animal  to  the  alien 
blood,  isstable  at  56°  C. ;  tbe  other,  which  is  present  in  normal  scruui,  is 
rendered  inert  at  56°  C. ;  that  is,  it  is  very  labile.  These  two  substances 
were  named  early  and  have  been  often  renamed.  For  the  present  we 
may  speak  of  the  stable  substance  resulting  from  the  adaptation  to  the 
alien  blood  as  the  immune  substaiice  ur  immune  body,  and  of  the  other, 
more  sensitive  to  beat  aud  present  in  normal  serum,  as  aJexin,  a  name 
which  was  long  ago  applied  by  Buchner  to  a  substance  or  substances  in 
normal  serum,  to  which  its  germicidal  capacity,  first  clearly  demonstrated 
by  Xuttall,  was  attributed. 

There  now  followed  a  series  of  important  studies  by  Ehrlich  and  his 
associates  which  throw  still  further  light  upon  these  curious  lytic  ageuts. 

We  have  seen  that  in  order  to  secure  the  immune  substance  free  from 
the  alexin  one  has  only  to  heat  the  lytic  serum  to  56°  C,  for  half  an 
hour,  wheu  the  alexin  is  destroyed.  If  one  wishes  to  secure  the  alexin 
apart  from  tbe  immune  substance  he  makes  use  of  a  very  curious  prop- 
erty of  the  latter;  namely,  its  capacity  of  uniting  with  tbe  cellular  ele- 
ment under  whose  influence  it  wa.s  elaborated.  For  example,  if  one 
places  a  small  portion  of  the  serum  of  a  rabbit  which  has  been  adapted 
to  beef  blood  in  contact  with  beef  corpuscles  at  a  low  temperature '  for  a 
few  hours,  he  will  find  that  the  immune  sub.stance  has  formed  so  stable 
a  combination  with  the  corpuscles  that  on  their  separation  from  the  fluid 
by  eentrifngation,  none  of  the  immune  substance,  but  all  of  the  alexin, 
will  be  left  in  the  fluid. 

That  the  corpnscles  under  these  conditions  actually  contain  tbe  im- 
mune substance  is  readily  shown  by  adding  to  them  a  little  normal  serum 
— containing  alexin  but  no  immune  substance— whereupon  the  lysis  will 
at  once  take  place,  as  shown  by  the  red  color  of  the  fluid.  This  union  of 
the  immune  substance  with  corpuscles  is  specific,  occurring  only  with  the 
corpuscles  of  the  animal  species  used  in  the  adaptation. 

Many  other  points  of  extreme  interest  and  significance  have  been  re- 
vealed in  these  studies  on  artificial  biemolysis  which  the  scope  of  this 
book  does  not  permit  us  to  touch  upon. 

The  question  of  a  multiplicity  of  immune  substances  and  of  alexins 
has  been  brought  forward,  and  it  seems  probable,  especially  from  the 
researches  of  Ehrlich,  that  in  adaptation  of  each  animal  8i>ecies  to  a 
single  form  of  cell  several  immune  bodies  may  be  developed.  It  is  not 
unlikely,  furthermore,  that  more  than  one  alexin  may  be  normally  pres- 
ent in  the  blood  serum  of  each  animal  species,  and  that  a  single  immune 
body  may  be  capable  of  uniting  with  several  forms  of  alexin. 
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It  has  beeu  found  that  the  hsemotytic  capacity  of  the  nonnal  blood 
serum,  \7hich  iii  mauy  auitiials,  as  we  have  seen,  is  very  aiarked  for  the 
corpuscles  of  alien  blood,  is  also  due  to  two  substauces  which  iu  charac- 
ter and  action  are  similar  to  those  which  ha^e  beeu  so  carefully  studied 
in  the  lytic  sera  of  artificially  adapted  auimal». 

It  is  evident  that  this  artificiiU  htemolysis,  secured  by  the  adaptation 
of  one  species  of  animal  to  the  red  blood  cells  of  another,  is  quite  analo- 
gous to  the  process  by  which  immunity  is  secured  agaiust  pathogenic 
bacteria— cholera,  for  example — aud  which  is  called  bacteriolysis.  Both 
are  specific  examples  of  the  general  process  called  cytolysis,  meaniug  cell 
destruction.  But  this  reaction  of  hiemolysis  is  not  only  one  of  extraordi- 
uury  delicacy,  but  is  easily  obsened  uuder  conditions  quite  withiu  our 
coutrol,  aud  permitting  such  elaborations  aud  variations  as  involve  great 
technical  difficulties  when  we  are  directly  eng^ed  with  the  phenomeua 
of  bacteriolysis. 

Thus  these  studies  of  hiemolysis  have  a  practical  Bignificauce  iu  their 
beariug  upon  our  conceptions  of  bacteriolytic  immunity  quite  apart  from 
the  interesting  geuentl  biological  field  into  which  they  have  led  the  way. 

The  development  of  cytolytic  capacities  in  the  blood  serum  of  the 
living  animal  as  the  result  of  adaptation  to  bacteria  and  to  alien  red 
blood  cells  being  known,  it  was  natural  to  extend  the  method  to  other 
cells.  Thus  it  has  been  found  that  in  the  adaptation  of  one  animal  to 
the  spermatozoa  of  another  species  by  intraperitoneal  injections,  a  serum 
is  obtained  which  qniekly  brings  to  an  end  the  movements  of  fresh  sper- 
matozoa of  the  species  used — gpei-moli/tic  serum. 

Similarly,  specific  leueolytie  sera  have  been  procured  by  intraperito- 
neal injections  of  emulsions  of  lymph  nodes,  spleen,  and  bone  marrow. 
Such  leacolytic  sera  may  not  only  destroy  the  leucocytes  outside  of  the 
body,  but  they  arc  extremely  toxic  when  introduced  into  the  living  spe- 
cies from  which  the  tissues  originated.  The  eflFects  of  these  leueolytie 
— leucotoxic — sera  in  the  body  are  most  pronounced  in  the  blood-form- 
ing organs.  Here,  as  the  studies  of  Flexner '  show,  a  very  significant 
impulse  to  new  cell  formation  may  be  associated  with  the  action  of  the 
leucotoxic  sera. 

Emnlsions  of  kidney  cells  of  one  species  injected  into  the  peritoneum 
of  another  have  led  to  the  development  of  nephrolytic  serum ;  that  is,  se- 
nmi  which  on  injection  into  the  body  of  an  animal  of  the  same  species  as 
that  furnishing  tlie  kidney  cells  induces  noteworthy  degenerative  changes 
in  the  kidney.  Thus,  also,  hepatolytic,^  paucreolyfie,  Viyreolytic,  neurolytic, 
and  other  analogous  cytolytic  substances  have  been  developed. 

So  far  as  they  have  been  studied,  the  nature  of  the  active  ^ents  in 

'  Fleimer.  Bull.  Univ.  Peooa.  vol,  iv.,  1903,  p,  287;  also  Bunting,  ibid.,  vol,  ivi., 
leoS.  p.  200. 

'For  a  study  of  neplirotoxins,  see  Peant,  Bull.  Univ.  Penna.,  July  anJ  August, 
1908.  Tlie  studies  of  Pearce  recorded  in  a  paper  read  before  the  American  Association 
of  Patboloeisle  and  Bacteriologists  in  April.  1904.  dikI  unpublished  at  tlic  date  of  tlila 
writing,  indicate  that  in  the  Adaptation  of  animals  to  many  alien  parenchyma  cells  the 
new-formed  substances  arc  less  speciHc  than  lias  been  commouly  assumed. 
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these  various  cytolytic  sera  aod  their  mode  of  action  is  analogous  vith 
those  iu  hieniolytic  sera.  Here,  as  there,  the  action  is  due  to  two  groups 
of  substances:  one,  the  "immune  body,"  stable  and  increased  by  the 
adiipti^'e  process ;  the  other,  the  alexin,  occurring  normally  in  the  body, 
not  increased  in  adaptation,  and  readily  destroyed  or  rendered  inactive 
by  heat. 

All  of  these  last-mentioned  forms  of  cytolytic  sera  require  more  ex- 
tended Btady  before  far- reaching  conclusions  should  be  drawn  from  them. 
But  it  is  now  evident  that  the  different  functional  types  of  cells  in  one 
animal  are  capable  in  the  adaptation  to  the  economy  of  another  of  incit- 
ing more  or  less  definitely  specific  responses,  as  shown  by  the  various 
types  of  cytolytic  sera  which  are  formed. 

Wlieu  one  musters  alt  the  possible  combinations  in  this  form  of  adap- 
tation and  considers  the  probability  that  multiple  immune  bodies  may 
develop  iu  each  instance,  and  that  these  furthermore  may  correspond  to 
multiple  alexins,  the  complexity  of  artificial  cytolysis  becomes  evident. 

But  now  still  another  phase  of  this  subject  demands  a  word.  These 
cytolytic  or,  as  some  prefer  to  call  them,  cytotoxic  sera,  when  introduced 
into  the  living  bodies  of  the  species  from  which  the  cells  inciting  their 
formation  are  derived,  act  as  toxins  to  which  the  organism  responds, 
each  after  its  kind,  by  the  development  of  antitoxic  substances.  These 
are  called  antieytoly^ns  or  aniicj/totoxivs. 

Let  us  look  at  au  illustration  of  this  interesting  point  The  blood 
serum  of  the  normal  guinea-pig  has,  as  we  have  seen,  no  lytic  action  on 
the  red  blood  cells  of  the  rabbit,  but  after  the  adaptation  of  the  gninea- 
pig  to  the  blood  of  the  rabbit  by  repeated  intraperitoneal  injections,  the 
guinea-pig  serum  is  strongly  lytic  for  the  rabbit  corpuscles  in  test  tubes 
outside  the  body.  But  this  lytic  serum  is  not  less  toxic  when  introduced 
into  the  body  of  the  rabbit.  Under  these  conditious  the  rabbit  produces 
an  antitoxin,  an  antihiemolytic  substance,  which  is  iu  solution  in  his 
serum.  If  a  little  of  this  antiha?molytio  serum  be  mixed  with  some  of 
the  lytic  serum  from  the  adapted  gninca-pig,  it  will  be  found,  on  the 
addition  of  rabbit  corpuscles,  that  the  lytic  serum  has  lost  its  power,  just 
as  diphtheria  toxin  loses  its  harmful  properties  on  mixture  with  diph- 
theria antitoxin.  Thus  may  be  formed  a  great  variety  of  specific  "anti- 
bodies"— anticj'tolysins — from  sera  which  are  normally  lytic  or  have 
become  so  through  experimental  adaptations. 

In  view  of  the  remarkable  results  of  the  adaptation  of  the  body  to 
alien  cells  from  different  animal  species  which  we  have  reviewed,  it  was 
natural  to  ask  how  an  animal  would  respond  to  the  introduction  into  the 
recesses  of  his  body  of  cells — red  blood  corpuscles,  for  example — from 
another  individual  of  the  same  species.  It  was  found,  in  fact,  that 
undei'  these  circumstances  Ij'tic  substances  are  sometimes,  though  not 
uniformly,  develope<l.  The  possibility  of  the  formation  of  iaolytic  sub- 
stances was  thus  established.  But  if  this  be  possible,  why,  it  was  asked, 
may  not  aniolytic  substances  be  formed  by  the  adaptation  of  an  animal 
to  his  owu  cells  experimentally  displaced!     Such  snbstauces  have,  how- 
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ever,  not  been  found  under  the  experimeiitiU  conditions  thus  far  ob- 
served. ' 

Still  it  is  well  known  that  cells  and  tissues  worn  out  from  uw,  or 
dead  as  the  result  of  injurj-,  inflammatory  exudates,  etc.,  are  constantly 
removed  from  the  living  l>ody  by  processes  apparently  analogous,  if  not 
identical  with  those  which  can  be  experimentally  evoked.  80  that  auto- 
lysis in  some  form  seems  to  be  an  important  factor  hi  the  maintenance 
of  the  integrity  of  the  body."  Just  what  the  agencies  are  under  which 
normal  living  tissue  cells  are  protected  from  the  action  of  antocytolytic 
substances  is  not  yet  clear.  But  the  multiplicity  of  known  "antibodies" 
justifies  the  conjecture  that  such  substances — anticjiolytic — may  be  con- 
stantly formed  and  act  as  safeguards  to  living  and  useful  cells. 

The  Application  of  Ehrlich's  Hypotheiis  to  CytoljrsiB. — [f  tioiv  we  turn  lo 
the  varioua  hypotheses  whicli  have  bti'n  advanced  i"  account  for  the  tormatiuii  and 
action  of  these  cytolytic  substaoces,  we  And  tlmt  an  elaboretiun  of  Elirlicli'a  views  as 
applied  to  HQlitoxid  n  here  a  source  of  great  llluininatfou.  It  iii  evident  al  once,  how 
ever,  that  the  matter  is  not  so  simple  as  iu  the  caw  of  antitoxin,  liccaiise  we  Iiave  here 
two  substances  at  work,  the  Immune  ix>dy  and  the  alexin,  Ncitlier  the  immune  l)ody 
nor  the  alexin  alone  induces  cytolysis.     Tliey  nmsl  act  together. 

The  phenomena  are.  in  the  main,  accounted  for  if  we  assume  that  it  is  tlie  alexin 
which,  when  the  uecessary  conditions  are  fu1fille<i,  exerts  the  destructive  action  upon  tlie 
bacterial  or  animal  cell.  But  the  alexin  cannot  enter  under  ortlinsry  conditions  into 
direct  chemical  combination  witii  the  ceil  receptors.  Tlie  union  is  effected  only  by  tlie 
intervention  of  the  substance  whicli  is  increased  in  amount  in  the  process  of  adaplalioD : 
namely,  tlie  immune  body. 

A  long  series  of  experimenia  has  Ifwi  lo  the  belief  lliat  the  immune  l>ody  has  two 
free  atom  complexc-s  which  enable  It  to  form  chemical  unions  Through  one  of  these 
atom  complexes  it  unites  with  the  cell  lo  )>e  destroyed .  through  the  other  it  is  joined 
to  the  alexin.  Then,  and  not  until  then,  is  the  alexin  so  linked  to  the  cell  tliat  Its  toxic 
or  destructive  action  upon  the  cell  occurs. 

This  conception  may  be  illustrated,  as  in  the  case  of  antitoxin,  by  crude  figures. 

Here  it  should  be  remembered  we  are  illuslrating  not  the  production  of  the  cytoly- 
tic substances,  which  we  sliati  speak  of  later,  hut  the  action  of  them  upon  the  cells  to 
be  destroyed. 

Let  a— Fig.  60.  A— he  the  cell  which  is  to  he  destroyed  with  one  of  its  receptors  in- 
dicatcil  at  ri.  Let  *  represent  tlie  immune  body  with  one  atom  complex  e  capable  of 
uniting  with  the  cell  receptor  d,  and  with  another  (/)  capable  of  uniting  with  the  alexin 
e  through  g.  Now  the  alexin  which  appears  to  be  the  eSeclivc  agent  In  the  destruction 
cannot  unite  directly  with  tlie  cell  receptor.  When,  however,  it  becomes  linlied  to  the 
cell  by  means  of  the  immune  body.  fc.  its  destructive  capacity  can  come  into  play. 

In  a  similar  way  one  may  indicate  the  action  of  anticytolytic  auhstances  which  may 
be  effective  through  union  either  with  the  alexin  or  with  the  immune  body,  as  shown 
In  Fig.  90.  B  and  C.  In  B  the  "antibody  "  k  prevents  the  Unking  of  tlie  alexin  e  to  the 
immune  body  b  by  itself  uniting  with  the  former.  It  then  acts  as  an  antiatexin.  In 
C  the  ''antibody  "  t  prevents  the  linking  of  the  immune  body  b  to  tlie  cell  receptor  d, 
and  hcDce  acts  as  an  anti  immune  body.  Wc  Khali  see  in  a  moment  why  at  present  the 
substance  here  spoken  of  as  antialexiu  is  usually  tilled  the  itnticomplenient. 

Tiie  experimcDlal  evidence  that  the  anticytolytic  substances  may  be  thus  due  lo 

'Some  observations  are  recorded  in  which,  after  profuse  Internal  hemorrhaire. 
tuematuria  has  developed,  indicating  the  possibility  of  aulohfcmolysis  under  special 
conditions. 

'  See  reference  to  autolysis,  foot  note,  p.  92. 
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the  formation  of  adaptive  substancea  of  two  clusses.  aiiti  jinmune  subatances  and  anti 
complements,  cannot  be  entered  upon  here. 

In  view  of  the  rationale  of  cyi.oly  sis,  as  just  set  forth,  wc  may  consider  the  immuoe 
substance  to  he  an  intermediary  between  the  ale:tin  and  the  cell  to  he  destroyed ;  or,  on 
the  otiier  hand,  we  miiy  consider  the  alexin  as  the  complement  to  the  immune  substance, 
Eince  only  tlirough  their  union  is  tlie  toxic  action  poHsihIc. 

In  fact.,  following  Ehrlicli,  one  sometimes  speaks  of  the  immune  body  as  the  infer 
mediary  bodg,  or  inteitiiediary  giibaUiTice.  but  since  it  is  fumisiied  vriih  two  combining 
affloities.  it  is  now  usually  called  the  ainbuetptor:  Furthermore,  since  the  experimental 
analysis  of  the  lytic  process  by  the  neiv  technique  lias  shown  tliat  tlie  germicidal  and 
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deslruclive  action  of  htood  serum,  formerly  supposed  to  he  due  to  n  single  substance 
called  alexin,  is  really  due  to  the  combinctl  action  of  two  substances,  the  use  of  the 
woni  alexin  for  one  of  them  is  misleading  and  has  now  been  largely  given  up.  The 
substance  present  in  the  serum  of  both  normal  and  adapted  animal  through  which  lysis 
is  effected  when  it  is  linked  to  the  cell  by  the  amboceptor  \a  called  the  rompltmfnt. 
Other  names  have  been  applied  to  tliese  hypotlieiieul  complexes  or  substur.cis  wjiich 
we  cannot  consider  here. 

It  was  natural  in  the  early  studies  on  bacteriolysis,  which  were  incidental  to  re- 
searches on  innimnity,  that  the  new  substance  which  was  found  in  the  serum  as  the  re- 
sult of  the  immunizing  process  should  be  called  the  immune  substance  or  Immune  body. 
It  was  natural  also,  although  less  appropriate,  to  apply  the  same  term,  immune  sub- 
stances, to  tlie  analogous  substances  which  appeared  in  llic  serum  as  the  result  of  the 
injection  in  the  same  fashion  of  cells  and  other  materials  which  were  not  infectious,  not 
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dise8«e  pniJ->icing,  aud  agaiust  wliich.  tlivrcfore.   tlie  body  is  not,  iu  the  old  scusc, 
inoiuDlzc-d. 

But  tiicst  new  uses  of  the  word  atv,  I  lluDk.  iitsfortuuale  bwaiise  I  lie  word  1  mmu  ■ 
Dity  baa  como  U>  have  a  special  and  useful  sif^DiUeancc  iu  relation  tu  infection,  intoxica- 
tion, and  other  conditions  of  natural  or  aeiiuireil  tolerance  lo  obviously  and  seriously 
harmful  agents.  The  process  in  both  [DSlancett  is,  indeed,  one  of  adaptation,  and  llie 
newly  ocrjuired  capacities  of  the  serum  arc  due  to  substances  resultiug  from  this  adap- 
tation. They  arise  from  a  functional  inodifl<«tion  of  parts  of  the  body,  and  licnce  may 
be  appropriately  called  adaptive  aul>slanccs.  It  seems  lo  the  writer  tlwt  it  would  lie 
better  to  consider  iminunl/ation  as  a  special  phase  of  adaptation,  and  so  limit  tlie  appli- 
cation of  the  word  that  it  sliall  still  connote  infection  and  intoxieation  In  the  tradititin&l 

Tbia,  tlien,  Is  tlie  rationale  in  aceonlauce  with  Ehrlich's  hypolUesis  of  the  action  of 
Ibcsc  cytolytic  or  cytotoxic  substances,  either  existing  naturally,  as  they  do  in  some 
aniinals,  or  being  called  forth  in  larger  (jitacitlties  in  the  process  of  adaptation  tii  the 
cells  which  they  destroy.  This  view  has  been  most  ftdly  tested  upon  luvmolytic  sera, 
Mnce  here  the  reaction  is  most  easily  sludie<l.  But  bo  far  as  one  can  see,  it  applies  as 
well  to  the  phenomena  of  baceriolysis.  whose  direct  study  is  mucb  more  difficult.  It 
shoiihl,  however,  be  borne  in  mind  that  the  erythrocytes  are  very  delicate  and  very 
pccullaily  constituteii  cells,  and  it  is  possible  tluit  inferences  drawn  from  hfemolysis  are 
not  applicable  without  tiuatiflcation  lo  other  and  less  vulnerable  cell  ty|ies. 

Tlic  origin  of  the  an)lx>ceptors  of  these  cytotoxic  substances  is  accounted  for  in  the 
same  way  as  in  the  case  of  antitoxin.  The  cells  or  substunccs  wliicb  are  introduced 
into  the  animal,  and  to  which  It  proceeds  to  adapt  itself,  lend,  through  union  with  such 
body  cell  receptors  as  may  be  fitted  lotheni.  to  the  overpriKluctlon  of  these  special  com- 
plex receptors.  These  arc  presently  cast  off  as  superfluous  to  the  bcHly  cell  producing 
them,  and  are  then  free  as  amboceptors  in  the  body  fluids. 

As  in  the  case  of  antitoxin  formation,  it  is  probable  that  the  cell  receptors  wliich 
are  thus  Increased  arc  normally  cO[icerni-<t  in  cell  assimilation,  and  it  is  not  unlikely  tliat 
their  complex  character  may  have  some  relationship  with  the  complexities  of  the 
"giant"  albuminous  molecules,  whicli  must  suffer  initial  changes  before  liecoming  tit 
for  Hssimllation.  At  any  rale  this  liypotht-sis  assumes  ttiat  in  the  process  of  adaptation 
either  to  toxic  substances  or  to  foreign  cells  or  other  albuminous  material,  the  body 
develops  no  new  capacities,  but  only  an  exaggeration  of  those  already  existing. 

Aslo  the  exact  source  of  the  amiKtccptors  in  ariilicially  immunized  animals  we  can 
not  yi'l  speak  with  certainty. 

Tli«  Action  of  Phagocytes  in  CTtolyaia.— It  wns  inevliiible  that  the  remark- 
able studies  just  summarized  on  cyttJytic  si-ra  should  have  led  lo  a  clearer  conception 
of  the  manner  in  which  phagocytes  destroy  bacteria  and  other  organic  substances.  It 
is  no  longer  permissible  to  bold  as  distinct  and  unrelated  processes  the  action  of  phago- 
cytes and  the  action  of  tbc  body  fluids  in  Itic  destruction  of  foreign  substanccBintbebwIy. 

Metschnikofl,  the  learned  and  able  advocate  of  the  importance  of  ])hagocytosiH  in 
tbe  protection  of  the  body  against  micro-organisms,  now  recognizes  the  importance  of 
tlie  adaptive  substances,  some  of  which  may  be  largely  increased  in  amount  In  the  proc- 
esses of  immunization  More  strenuously  tlian  other  observers,  however,  be  tuaists 
upon  the  phag'icytic  cells,  especially  the  leucocytes,  as  Iho  originators  of  the  substances 
concerned  in  cylolysis.  and  holds  that  under  ordinary  conditions  it  is  only  within  these 
cells  that  these  substances  are  effective.  Tn  artitlcially  immun<Ke<l  animals,  however, 
the  intermediary  substances,  it  is  conceded  by  tletschnikoff.  may  Ih;  set  free  from  the 
cells  which  produce  them  and  mingle  with  tlie  body  fluids.  Tbe  complement,  on  the 
other  hand,  which  he,  in  common  with  others  of  the  French  school,  calls  cj/fci*^.  in  recog- 
nition of  its  ferment-like  charucters,  Metschnikoff  does  not  believe  to  be  set  free  in  the 
body  fluids  except  through  some  damage  to  the  leucocytes  In  which  it  is  formed.  Such 
a  damage,  for  example,  as  befalls  the  leucocytes  in  the  clotting  of  the  blood :  for  In  this 
process  it  is  assumed  tlut  the  setting  tree  of  the  fibrin  ferment  involves  tbe  destruction 
— phsgolysis— of  the  leucocytes. 
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The  viewB  advanced  by  Bordet  aud  others  of  tlie  French  school  regarding  ihe  union 
of  tLc  amboceptors  with  the  cells  to  be  destroyed  are  less  precise  than  those  of  Ebrlich. 
Both,  however,  recognize  the  importance  of  an  associutiou  of  the  amboceptor  as  a  con- 
dition for  the  effeclive  action  of  tlie  complement  (q/tane).  It  is  for  this  reason  tliat  tlie 
amboceptor  is  called  by  BordcC,  Aletschnikoff,  and  others  the  sensibilizing  substance 
(mtMiiiire  seiiMbiliiiilnri)  or  the  flxalivo  (fixaUui-), 

Finally,  a  long  and  Ingenious  series  of  experimeDts  has  led  Metschnikoff  and  his 
associates  to  believe  that  there  are  two  forms  of  q/Uitie,  one  called  TruteroeyUue,  formed 
by  the  macrocyles  (large  lynipliocytes  derived  from  the  spleen,  lymph-nodes,  and  cer 
tain  endothelial  and  connective -I  issue  cells)  and  concerned  in  the  destruction  of  animal 
cells,  sucli  as  red  blood-cells,  leucocytes,  spermatozoa,  various  parenchyma  cells,  etc, ; 
and  mieroestanc  derived  from  the  microcyl^s  (polymorphonuclear  leucocytes),  which  is 
active  in  the  destruction  of  bacteria. 

Tlie  greatest  diversity  Of  view  concerning  tiie  cytolytic  process  between  Melsclini- 
koff  and  his  followers  and  the  observers  of  the  Ehrlich  school  relates  to  the  question 
wlietlier  the  complement  (eytnif)  does  or  does  not  exist  free  in  the  blood  plasma,  for 
u]K>n  the  answer  to  this  question  depends  largely  our  belief  as  to  the  relative  signili- 
cance  of  Intra-  and  extracellular  cytolysis.  This  is  one  of  the  points  concerning  which 
more  data  arc  urgently  needed.  But  even  now  the  views  of  Metschnikoff  are  not  incon- 
aistenl  with  the  hypothesis  of  Ehrlich. 

A^lntinative  SubBtances. — But  there  ai-e  iuiportaiit  adaptive  resources 
of  the  living  body  when  called  upou  to  deal  witli  foreign  material  of  spe- 
cial character  iutrodnced  in  nnnsual  ways  into  its  recesses  in  addition  to 
those  just  considered. 

The  phenomenon  of  agglutination  has  been  widely  known  for  several 
years,  especially  on  account  of  its  practical  application  in  diagnosis. 
The  general  fact  is  that  as  an  individual  adapts  himself — that  is,  In- 
comes immunized — to  a  special  bacterium  or  its  toxic  products,  either  in 
the  course  of  an  infectious  disease  or  as  the  result  of  artificial  processes,, 
his  serum,  if  placed  under  suitable  conditions  in  contact  with  cultures  of 
this  special  micro-organism,  may  speedily  immobilize  the  organism  if  it 
be  motile,  and,  whether  motile  or  not,  lead  to  its  clumping  into  irregidar 
masses.  This  reaction  has  been  used,  not  only  as  a  clinical  test  of  spe- 
cial infectious,'  but  also  as  a  means  of  differentiating  species  or  varie- 
ties of  bacteria. 

But  recent  studies  have  emphasized  the  fact  that  i^glutination  is  a 
much  more  general  phenomenon  than  has  been  commonly  supposed,  and 
is  by  no  means  limited  to  the  sera  of  animals  immunized  against  bacteria 
and  bacteiial  pro<lucts. 

For  example.  In  the  adaptation  of  one  animal  to  the  red  blood-cells 
of  another  species,  the  serum  of  the  adapted  animal  may  become  not  only 
lytic  but  agglutinative  also  for  the  corpuscles  use<l  for  the  injections. 
This  is  true  not  only  in  adaptation  to  red  blood  corpuscles  bnt  to  other 
cells  as  well.  Wo  have  then  to  add  agglutinative  substances  or  aggluti- 
nins to  the  list  of  those  which  are  develojied  in  the  body  in  this  form  of 
adaptation.  (SeeTable,  page  193.)  Thesealso,  within  the  limits  already 
set  forth,  are  specific. 

Just  as  the  specific  red  blood-cells  are  capable  of  fixing  the  immune 

'For  details  of  application  of  the  agglutination  test  see  Wood's  "Chemical  and 
Microscopical  Diagnosis,"  or  other  works  on  clinical  pathology. 
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substance  iu  lytic  serum,  so  also  tbe  ^glutiiiatiug  substance  may  be 
fixed  and  removed  from  serum  by  placiug  in  contact  with  the  serum 
some  of  the  corpuscles  of  the  particular  auimal  species  or  some  of  the 
bacteria  under  whose  intiueuce  the  agglutinative  substances  were  formed. 

While  agglutinative  substances  are  develoiied  in  the  process  of  im- 
munization, they  are  not,  so  far  as  we  know,  directly  protecti^'e,  though 
by  the  grouping  of  micro-organisms  the  action  of  phagocytes  may  be 
favored.  The  virulence  of  pathogenic  bacteria  is  not  reduced  by  agglu- 
tination. 

The  agglutinative  seem  to  differ  in  many  ways  from  lytic  substances. 
Thu.s  their  activities  are  not  suspended  by  a  temperature  of  56°  C  They 
become  inert,  however,  at  a  higher  temperature — 70°  to  78°  C. — and 
their  agglutiuating  capacity  is  not  restored  by  the  addition  of  normal 
serum.  It  is  inferred  from  this  fact  that  the  receptors  concerned  in 
agglutination  are  of  simpler  character  than  those  through  which  lysis 
is  secured. 

The  normal  blood  serum  of  some  animals  contains  substances  which 
are  agglutinative  for  the  red  cells  of  other  species.  Thus  normal  beef 
serum  is  agglutinative  for  the  corpuscles  of  the  cat  and  rabbit.  This 
capacity  of  the  normal  serum  sometimes  is.  sometimes  is  not,  associated 
with  marked  lytic  capacity. 

The  mode  of  action  of  these  so-called  agglutinins  is  not  yet  very 
clearly  understood,  but  a  great  many  interesting  facts  have  been  devel- 
oped in  the  studies  on  the  general  phenomena  of  agglutination  which  we 
cannot  mention  here.' 

Precipitating  Snbatances.— There  is  still  another  way  in  which  the 
body  reveals  adaptive  alterations  iu  the  presence  of  foreign  proteid  sub- 
stances. If  a  few  cubic  centimetres  of  the  blood-serum  or  exudate  con- 
taining globulin  from  one  animal  be  injected  into  the  subcutaneous  tissue 
or  peritoneal  cavity  of  auother  species  in  repeated  doses,  it  is  found  that, 
on  adding  a  little  of  the  blood-serum  of  the  adapted  animal  to  a  dilution 
of  the  fluid  Injected,  a  precipitate  is  formed.  This  reaction  is  also  spe- 
cific, save  that  in  some  instances  body  fluids  from  closely  related  species, 
such  as  man  and  monkey,  fowl  and  pigeon,  sheep  and  goat,  horse  and 
ass,  dog  and  fox,  may  both  afford  a  pecipitate.  But  this  precipitate  is 
invariably  much  more  marked  in  the  fluid  used  for  adaptation  than  iu 
the  similar  fluid  from  the  related  species. 

This  reaction  is  extremely  delicate,  it  having  been  possible  to  recog- 
nize human  blood  in  a  dilution  of  1  :  50,000. 

By  the  nse  of  this  test  Nnttall,  who  has  made  very  extensive  obsena- 
tions,  has  been  able  to  demonstrate  in  a  most  striking  fashion  phyloge- 
netic  relationships  between  animal  species  and  groups  of  species,  both 
warm-  and  cold-blooded,  which  have  au  important  bearing  upou  classi- 
ficatiou.* 

The  use  of  this  precipitation  test  has  been  urged  in  forensic  medicine 
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to  reiuf  orce  the  present  unsatisfactory  methods  of  distinguishiug  between 
hnoiau  and  other  blood.  For  if  one  have  a  rabbit  or  other  animal  artifi- 
cially adapted  to  human  blood  from  which  fresh  serum  can  be  secured 
(even  the  dissolved  dried  serum  will  answer),  he  has  only  to  dissolve  in 
a  little  salt  solution  a  suspected  blood  clot,  and,  mixing  the  two,  obser^-e 
the  result.  If  under  suitable  conditions  of  dilution  cloudiness  develops 
within  a  short  time  or  if  a  precipitate  be  formed,  it  is  claimed  that  the 
suspected  material  could  ha\-e  been  derived  from  no  other  animal  than 
man.  Since,  however,  it  has  been  found  that  the  blood  not  only  of 
monkeys  but  of  some  other  of  the  lower  animals  may  give  slight  precipi- 
tates uuder  these  conditions,  and  since  other  human  fluids  containing 
albuminous  substances,  such  as  saliva,  pus,  inflammatory  exudates,  etc., 
may  also  give  precipitates,  it  is  evident  that  the  result  of  this  test  shoiUd 
be  interpreted  with  great  caution.' 

The  white  of  a  hen's  egg  injected  into  the  peritoneum  of  rabbits  afler 
a  time  gives  rise  to  substances  in  the  rabbits'  serum  which  induces  a  pre- 
cipitate in  fresh  solutions  of  hens'  egg  albumen.  No  precipitate  is  pro- 
duced by  this  serum  in  albumen  solutions  from  the  blood  of  the  mam- 
malia, and  only  a  slight  precipitate  is  formed  in  the  e^  albumen  of 
related  fowls,  such  as  the  duck,  for  example. 

It  has  been  stated  that  by  the  adaptation  of  the  living  animal  to  ex- 
tracti  of  muscle  tissue  from  another  species,  precipitating  sut>stances 
may  be  formed  in  the  serum  which  are  specific  for  the  muscle  used  in  the 
injection. 

Mili^  of  one  animal  thus  intixKluced  into  the  body  of  another  gives 
rise  to  a  substance  in  the  adapted  animal  which  causes  a  precipitate  iu 
the  diluted  milk  used  for  injection,  but  not  in  the  milk  of  another  species, 
save  .sometimes  in  slight  degree  in  milk  from  closely  allied  animals. 

This  reaction  is  also  applicable  to  plant  albumens.  Thus,  if  an  ani- 
mal be  adapted  to  a  given  species  of  bacteria,  its  blood-serum,  ou  being 
added  to  the  clear  filtrate  of  the  pure  culture,  throws  down  a  precipitate 
which  is  iu  some  instances  light,  in  others  voluminous.  This  reaction  is 
again  specific,  except  within  the  group  limits  of  related  species.  Thus, 
as  Norris  has  shown,'  precipitating  substances  which  are  developed  by 
the  adaptation  of  the  rabbit  to  the  typhoid  bacillus  induce  a  slight  pre- 
cipitate in  the  culture  filtrate  of  the  colon  bacillus,  but  not  iu  the  filtrate 
of  B.  prodiffiosas,  for  example. 

Numerous  experiments  have  shown  that  other  vegetable  albumenscall 
forth  specific  adaptive  precipitins. 

This  precipitation  test  is  so  delicate  that  it  appears  possible  not  only 
to  distinguish  the  albumens  from  different  animal  and  vegetable  species, 
but  to  differentiate  also  some  at  least  of  the  various  albuminous  sub- 
stances in  the  individual. 

'  For  H  study  of  the  precipitation  test  for  binod.  with  bibliograplij'.  sec  Ornhain- 
SmrtA,  Jour,  of  ftygiene,  vol.  iti.,  pp.  268  ttod  854:  a\m  Eiriiis  and  ."«/■» ««»,  Med.  News, 
November  7lU  nud  November  Utli,  IVO'S.  bib!. :  also  Itabiii.  N.  Y.  Med.  Jour,  and 
Pbila.  Med.  Jour,  March  5th  and  I3tb.  1904;  also  NutUll's  boo)<,  ref.  above. 

'JVoiTM,  Jour,  of  latixt.  Dis..  HKM. 
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Finally,  it  is  worthy  of  note  that  it  has  been  possible,  by  the  adapta- 
tion of  a  fresh  aoiiiial  of  the  appropriate  species  to  these  preeipitatiug 
sera,  to  obtain  "antibodies";  in  the  case  of  milk  adaptation,  for  exam- 
ple, by  the  use  of  the  so-called  liU'to-Herum,  to  secure  an  antilacto-senim 
capable  when  added  to  the  test  fluids  of  preventing  the  formation  of  the 
specific  precipitate. 

A  great  deal  of  most  careful  research  has  been  devoted  to  the  natnre 
of  the  preeipitnting  substances  which  the  scope  of  this  book  does  not 
permit  us  to  touch  upon.  Hut  it  shonld  be  said  that  in  their  resistance 
to  heat  and  in  other  ways  the  precipitating  substances  appearto  be  more 
closely  related  to  agglutinating  than  to  lytic  substances.' 

Although  we  hate  considered  separately  the  development  in  the  l>ody 
of  cytolytic,  ^glutinating,  and  precipitating  substauees,  it  should  be 
remembered  that  these  may  be  formed  together  in  the  same  animal. 

The  effects  of  foreign  cells  and  their  derivatives  upon  whatever  body 
cells  produre  the  lytic,  agglutinating,  and  precipitating  substances  are 
apparently  not  lasting,  since  if  the  injections  t>e  Busjiended  they  gradually 
disappear  from  the  serum.  The  time  of  their  disapi>earance,  however, 
like  that  of  api)earance,  is  not  regularly  the  same,  even  in  the  same 
animal. 

The  Beariikg  of  th«  New  Btudiea  oo  Berum  Therapy.— We  have  swn  in  ad 
earlier  si-ctioa  that  tbe  use  uf  the  blontl- serum  of  auiiiials  Im  mi  mi  zed  against  iMtliogeuic 
micro-organisms  for  protec^ve  pun>osi«  in  inan  has  Ixwd  of  pmctii'sl  value  Id  hut  few 
instances,  anil  these  mainly  in  cases  in  wliich  the  protective  action  was  antitoxic.  Pro- 
tective sera  for  pneumonia  and  typhoid,  streptoeoccus  scpticteniia,  phigitc,  tuberculo- 
sis, cholera,  aod  many  other  inTeclious  diseases  have  been  persistently  tested  and  found 
to  be  for  the  most  part  of  doubtful  value  in  man. 

But  in  the  tight  of  the  new  knowledge  of  cytolytic  sera,  and  the  conditions  under 
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which  these  may  be  effective,  the  promise  of  serum  therapy,  so  long  limitfJ  t 
immunity,  seems  now  to  be  more  encouraging. 

It  iH  possible  that  Che  reasou  why  the  scrum  of  an  unjmul  immunized  against  a 
given  pathogenic  micro-organism  is  not  protective  is  that  iicither  this  serum  nor  the 
body  fluids  of  the  individual  into  whom  it  is  injected  for  protective  ends  contaius  suffi' 
cleut  or  suitable  complements. 

We  have  seen  in  our  review  of  liemolysis  that  hiemolytic  serum  heated  to  56"  C. 
loses  its  lytic  power  owing  to  tlie  destruction  of  tiie  very  labile  complements.  We  liave 
seeu  further  that  this  power  is  restored  by  tlic  addition  of  a  )itt!'.r  fresh  serum  from  a 
normal  animal ;  that  is,  scrum  containing  complement.  Now  it  has  l>ceu  found  tliat  this 
"  reactivation  "  of  the  serum,  as  it  is  called,  can  often  be  brought  about  by  the  sera  of 
various  animals.  Thus,  for  example,  the  serum  of  the  guinea-pig  adapted  to  tlie  ery- 
throcytes of  the  rabbit  is  lytic  for  tliesc  cells  of  the  rabbit.  If  such  sera  be  heated  to 
96°  C.  it  is  no  longer  Ij'tic,  tlie  activities  of  the  complcmeut  are  destroyed;  but  tlie 
serum  can  be  reactivated  by  a  little  fresh  serum  uot  only  from  a  normal  rabbit,  but 
from  the  goat  and  the  rat.  The  scrum  of  many  other  animals,  however,  is  Ineffective 
under  these  conditions.  The  reasou  for  this,  of  course,  in  accordance  with  Ehrlich's 
hypothesis,  is  tliat  the  complements  of  the  reactivating  seva  have  combining  capacity 
with  the  special  aniboceptors,  and  so  can  become  effective,  while  in  other  sera,  the  link- 
ing of  the  complement  to  the  red  cells  through  the  amboceptors  being  impossible,  there 
'  can  be  no  restoration  of  the  lytic  action. 

It  is  not  diflicult  to  secure  immune  substances  (amboceptors)  by  the  adaptation  of 
animals  to  various  kinds  of  pathogenic  bacteria.  These  may  be  formed  In  such  shun- 
dauce  as  to  be  out  of  proportion  to  the  complements.  But  unless  these  immune  sub' 
tancus,  when  injected  into  the  body  tor  protective  purposes,  either  curry  wiih  tlieni  or 
find  in  the  new  environment  an  abundance  and  appropiiate  fonns  of  complements, 
tliey  are  uot  wholly  available  In  destroying  bacteria.  One  of  the  great  problems  of  tlie 
immediate  future,  then,  so  far  as  serum  tlierapy  is  concerned,  seems  to  be  to  secure 
suitable  complements  to  act  with  immune  substances  if  the  formerdo  not  exist  in  the 
human  Huids,  or  to  reinforce  these  substances  from  the  sera  of  suitable  animals  if  the 
human  stock  be  scanty.  There  is,  however,  much  ground  for  believing  that  in  order 
tj)  be  most  effective  the  complements  witli  which  we  may  seek  to  reiuforce  the  potency 
of  bacteriolytic  sera  in  man  should  come  from  species  closely  allied  to  him. 

If  the  securing  of  an  appropriate  romplement  is  thus  of  such  importance  in  the 
attempt  to  prepare  bacteriolytic  sera  for  therapeutic  purposes,  the  mainteuance  of  suffi- 
cient complements  in  the  human  body  must  l>c  of  the  utmost  significance  In  its  intrinsic 
protective  mechanism  against  infection.  That  this  consideration  is  not  without  support 
In  fact  is  sliown  by  tlie  studies  of  Abbott,  Loiigcope.  and  others,'  who  have  found  that 
after  the  continuous  administration  of  alcohol  and  in  various  chronic  as  well  as  acute 
diseases,  tlie  amount  of  complcmeut  in  tlie  blood  may  be  notably  reduced.  We  have 
thus  a  definite  contribution  to  our  knowledge  of  one  of  those  factors  in  predisposition 
to  infection  which,  in  u  general  way,  are  so  fully  recognized,  but  which  arc,  for  the 
most  part,  but  ilE-deliued  and  little  understood. 

The  Specific  Character  of  Artificial  Immanization. — It  is  not  yet  possi- 
ble to  s;iy  ill  iiiuiiy  cyises  to  what  extent  the  immauization  effected  in  any 
of  the  various  ways  indicated  above  is  specific.  In  some  cases  it  appears 
to  be  so.  Tliat  is  to  way,  the  pi-oteetiou  wliicli  is  afforded,  for  example, 
by  ail  attack  of  diphtheria  or  by  the  gnwlually  increased  administration 
of  the  diphtiieria  toxin,  or  by  the  use  of  the  iuimiiiiiziiig  serum,  is  limited 
to  this  particular  disease,  and  is  not  to  be  secured,  at  least  in  such  marked 
degree,  by  tlie  use  of  other  bacteria  or  bacterial  products.  In  some  in- 
stances, on  the  other  band,  immunization  against  one  micro-organism  or 

'  For  a  study  of  this  subject  see  LonijMjie.  Jour,  of  Hygiene,  vol.  iii.,  1903,  p.  28. 
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its  toxiua,  or  against  special  toxic  snlutaiices,  affords  i>rotectioii  ugaiust 
iufection  or  ititoxieatioii  by  eutirely  difTpieut  agents.  Tluis  animals 
may  be  immunized  a^aiust  anthrax  by  inoculation  with  bacillus  pyo- 
cyaneus. 

It  should  he  liorne  in  mind,  however  much  iiuporlancc  wc  may  attach 
to  tlie  fonnation  and  siction  of  the  antitoxic  substances,  that  these  are 
uot  necessarily  always  pi^esent  either  in  natural  or  ac<iuired  immunity  to 
bacteria  or  their  toxins.  Tolerance  to  bacterial  toxins  may  lie  estab- 
lished, as  may  tolerance  to  other  kinds  of  poisons,  without  the  interven- 
tion of  antitoxic  or  other  chemical  agents. 

The  Complexity  of  the  Proceues  Involved  in  Immnniz&tion. — It  thus 
appears  that  while  we  know  a  givat  deal  about  the  ability  of  the  living 
body  to  pi-ote<-t  itself  agitinst  the  incursions  of  micro-organisms  and  the 
ravages  of  their  poisons;  while  a  field  isoi>euedfor  tlie  study  of  artificial 
immunization  which  is  of  the  highest  promise,  both  for  the  ad\'aucement 
of  science  and  for  pr<u;tical  benefit  to  the  victims  of  infectious  disease; 
while  illuminating  and  far-reaching  hypotheses  are  current  which  account - 
for  many  of  the  complex  phenomena,  we  arc  yet  very  far  from  compre- 
hending many  of  the  details  of  the  pi-ocesses  by  which  immunization  is 
secured. 

■\Ve  do  uot  know  why  the  cells  of  certain  animals  or  why  different 
kinds  of  celts  in  the  siime  animal  are  more  susceptible  than  others  to  the 
presence  of  particular  poisons;  why,  for  example,  the  rabbit  is  less  sus- 
ceptible than  mau  to  morphin;  why  strj'chnin  should  affect  the  nerves 
while  cumre  acts  upon  the  muscles;  why  the  common  fowl  sliould  be 
extremely  In.sasceptible  to  the  tetanus  toxin  so  powerful  in  many  other 
animals.  We  are  even  ignorant  as  yet  in  most  cases  of  either  the  chemi- 
cal or  structural  changes  in  cells  by  which  the  deleterious  action  of  poisons 
is  effected.  This  is  indeed  uot  surprising  when  we  reflect  that  the  proc- 
esses which  are  involved  are  of  the  most  subtle  and  complex  nature  and 
that  our  knowledge  of  cell  metabolism  even  under  normal  conditions  is 
most  crude  and  fragmentary,  consisting  largely  in  rather  gross  determi- 
nations of  end-products  and  leaving  out  of  the  account  the  numberless 
molecular  Iran sfonnat ions  and  combinations  through  which  the  life  proc- 
esses of  the  cell  are  carried  on. 

The  living  body  cell  is  very  nicely  adapted  to  its  nonnal  environ- 
ment; the  living  bacterium  is  almosi  equally  sensitive  to  the  conditions 
under  which  its  metabolism  takes  place.  Thus  it  is  that  wheu  these 
subtle  organisms  react  upoji  esich  other,  we  are  wholly  unable  with  our 
present  knowledge  to  follow  the  steps  by  which  the  more  gross  mani- 
festations of  disturbance  which  we  call  disesise  are  reached. 

But  there  seems  to  be  abundant  ground  for  the  belief  that  the  pro- 
tecti^e  agencies  which  ai'e  evoked  in  both  natural  and  artificial  immuni- 
zation are  simply  those  which  the  body  makes  use  of  in  its  normal  nielab- 
olism,  exaggerated  and  diverted  to  different  ends,  it  is  true,  in  the  face 
of  emergencies  and  the  establishment  of  new-cell  environments,  but  giving 
evidence  of  the  birth  of  no  new  physiological  capacities. 
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The  Iiypotbcsis  of  Elirlicli,  wbicli  bo  closuly  correlates  tlic  action  of  toxins  with  the 
assimilation  of  nutrient  stuff,  hus  led  to  new  conoL-ptions  of  the  details  of  the  rclalion- 
slilp  of  foods  tmnaformed  by  tlie  preliminary  digestive  process  to  tbe  oiateml  tvhicli  is 
finally  placed  at  tbe  disposal  of  the  cells.  It  seems  not  unlikely  tbat  through  the  action 
of  ihc  cell  receptors  tbe  food  material  which  arrives  in  tbe  body  liuids  may  not  ouly  be 
adapted  to  the  specific  uses  of  tbe  cells,  but  tluit  by  the  formation  of  countless  varieties 
uf  substances  analogous  to  the  so-called  "antibodies"  of  immunization,  the  cells  are 
protected  against  equally  various  toxic  substances.  If  Ibis  be  true,  the  hope  seems 
justified  that  following  tbe  lines  of  research  suggested  by  tliis  new  technique  we  may 
be  able  ultimately  to  understand  more  clearly  the  details  of  tlic  so-called  internal  secre- 
tion and  those  disturbances  of  chemical  adjustment  which  give  rise  to  many  important 
phases  of  auto- intoxication. 

Bibliography  of  Becent  Studies  on  Immunit/. 

For  an  atlmirable  resume  of  immunity,  consult  article  by  H'eigerl,  Lutiaracb  and 
Ostertag's  " Ergebuis.'fe  "  tor  1897,  p.  107;  sec  aho Melnelniikoff,  "Immunity  iu  Infectious 
Diseases."  Transl.,  101)4,  in  wbicli  much  lore  is  gathered  and  many  ingenious  points  of 
view  of  the  inithor  are  set  forth.  KoUe  and  WofHeriiiann't  "  Handbucb  der  Klicruoigan- 
ismen  "  contains  excellent  summaries  of  various  phases  of  immunity. 

The  records  of  the  recent  researches  just  sumitiarizcd  in  cytolysis  and  tlie  applica- 
tion of  Ehrlich's  "side-chain  "  hypothesis  are  widely  scattered  tiirough  the  German, 
Frencli.  and  English  technical  periodicals.  The  most  important  of  the  studies  of 
Ehrlicli  and  his  associates  iu  this  field  arc  collected  in  the  "Gcsainmelte  Arbeiten  zur 
Imraunit^tsForschung,"  Khrlich,  1004. 

Tiie  summary  of  ^«c/iifjr<'' Ehrlich's  Seitenkcttentheorie  und  ihre  Anwendungauf 
die  kOnstlichc  Ininiuuiiicrungsprozesse,  "  Zeitschrift  fUr  allgemeine  Physiologic,  B<i.  i.. 
Heft  3,  1002}  is  niost  complete  and  contains  a  full  bibllogi-aphy.  The  monograph  of 
c.  Dungern  C  Die  AntikOrper,"  1003)  contains  much  valuable  material. 

In  English,  the  recent  Huxley  Lecture  by  Vidfh  ("  Recent  Studies  of  Immunity," 
reprinted  in  tlie  Medical  News,  October  latli,  1002 ;  and  in  Scienee,  Novemlwr  31st  and 
smb.  1903)  is  admirable,  and  deals  with  especial  fulness  with  toxins  and  their  relation- 
ship to  various  important  pathological  processes. 

Ilitehie'*  discussion  of  the  subject  (Tbe  Journal  of  Hygiene,  vol.  ii.,  Nos.  3.  3.  and 
4.  1903)  treats  In  a  dear  and  philosophical  fasliion  the  facts  and  hypotheses  involved, 
anil  contains  many  valuable  suggestions  for  further  I'esearch.  The  excellent  summary 
ot  Erntt,  "Modern  Theories  of  Bacterial  Immunity,"  IB03.  contains  original  suggestions 
for  the  graphic  representation  of  the  reactions. 

Tbe  English  traiislution  of  Wii*iierm'iiiii'f  I'fenme,  "Immune  Sera,"  etc.,  1904.  is 
excellent.    Sec  also  ]\'itUail't  book,  "Blood  Immunity  and  Blood  Itelalionship,"  1904. 
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CHAPTER  VIIT. 

THE  INFECTIOUS  DISEASES. 

Oeneral  Considerations. 

Is  the  study  of  the  infectious  diseases  it  is  especially  important  to 
bear  in  mind  that  the  abnormal  pi-oces«e8  through  which  the  disturbaucea 
incited  by  micro-organisms ai'e  manifested  are  processi'S  of  the  body  celts 
and  not  processes  of  the  micro-organisms.  The  micro-organisms  do 
indeed  incite  the  train  of  phenomena  by  which  the  disease  is  mani- 
fested and  the  nature  or  "species"  of  the  micro-organism  may  lai^ly 
influence  the  character  of  tlie  phenomena,  bnt  the  stored-up  energy 
which  is  released  in  this  manifestation  is  body-cell  energy  and  not 
that  of  microbic  metabolism.  The  microbes  are  excitants  of  disease, 
bnt  the  disease  is  a  performance  of  tlie  body  cells.  If  these  obvious 
considerations  be  held  in  view,  it  will  be  convenient  in  considering 
certain  of  the  infections  diseases  to  nse  the  familiar  and  mnch  abnsed 
term  "specific"  as  indicative  of  those  phases  of  abnormal  body -cell 
performance  which  arc  apt  to  occnr  in  characteristic  ways  in  response 
to  special  forms  of  microbic  stimulus.  Thus  the  poisonous  subtances 
which  the  tubercle  bacillus  builds  up  out  of  the  organic  material 
upon  which  it  feeds.are  in  part  such  as  exert  a  peculiar  influence  upon 
connective -tissue  cells,  leading  to  their  proliferation  and  the  temporary 
formation  of  new  tissne — the  tubercle.  This,  together  witii  associated 
action  of  the  same  or  other  metabolic  products  of  the  living  bacillus, 
forms  a  group  of  lesions  and  disturbances  which  is  characteristic  of  tlie 
action  of  the  tul>ercle  bacillus  in  the  body.  In  this  sense  tuberculosis 
is  a  "specific"  disease.  On  the  other  hand,  the  poisons  eliminated  by 
the  tut)ercle  bacillus  may  incite  responses  on  the  part  of  the  body  cells 
which  are  practically  identical  with  thost^  which  many  other  toxic  sub- 
stances, both  of  bacterial  and  of  other  origin  indiice,  fever,  degeneration, 
etc.  These  manifestations  of  the  action  of  the  tubercle  bacillus  upon  the 
liviug  body  cells  are  not  "specific." 

In  our  study  of  the  individual  infectious  diseases  we  shall  encounter 
many  examples  of  this  variety  in  the  effects  which  pathogenic  bacteria 
induce — the  more  characteristic  on  the  one  hand,  and  on  the  other  the 
more  general  responses  which  the  body  cells  make  to  deleterious  agents, 

ClaMiflcation  of  the  Infections  Diseases. — It  is  common  to  group  dis- 
eases either  from  the  clinical  or  the  mori)hological  or  the  etiolt^ical 
standpoint.  But  a  complete  i-ational  classification  of  disease  is  not  at 
present  possible,  because  in  very  few  diseases  ha\'e  we  even  an  approxi- 
mately complete  knowledge  of  either  the  symptoms,  the  excitants,  or 
the  morphology  of  the  lesions. 
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Id  tiie  infectious  diseases  as  we  now  defiue  them,  the  excitant  is 
definite  and  iu  many  cases  known,  but  a  classification  based  upon  the 
character  of  the  excitants  alone  would  be,  as  Martins  has  urged,  a  classi- 
fication of  the  micro-oi^nianis  and  not  a  classification  of  the  diseases. 
If  every  micro-organism  capable  of  exciting  disease  always  met  iu  the 
body  a  similar  response,  the  matter  would  be  comparatively  simple. 
But  the  fact  that  the  responses  of  the  body  cells  to  bacterial  invasion  are 
exceedingly  varied,  and  that  dissimilar  organisms  may  evoke  similar 
responses  renders  a  simple  etiological  classification  even  of  the  infectious 
diseases  unsatisfactory  if  not  impracticable.  Thus  it  is  that  it  is  con- 
venient to  consider  the  infectious  diseases  in  part  together,  in  part  in 
connection  witli  the  special  organs  in  which  their  more  common  and 
characteristic  lesions  are  manifested.  Such  a  classification  of  the  in- 
fectious diseases  as  is  here  made  is  based  iu  part  upon  similarity  of 
lesions,  in  part  upon  the  relationships  of  the  micro-organisms  concerned, 
and  may  wisely  be  regarded  only  as  a  convenient  form  of  catalogue. 

Groups  of  Bacterial  Disease^Excitants. — One  of  the  interesting  results 
of  the  later  studies  of  bacteria  and  their  associations  with  the  infectious 
diseases  is  the  dlscoverj-  that  many  micro-oi^anisms  which  have  been 
proved  to  be  excitants  of  disease  in  men  or  in  lower  animals  are  closely 
related  to  forms  which  are  not  pathogenic.  So  that  we  now  rec(^- 
nize  many  bacterial  groups  which  we  are  wont  to  characterize  by  the 
name  of  the  pathogenic  representative.  Thus  there  are  staphylococ- 
cus and  streptococcus  groups  of  closely  similar  organisms,  most  of  them 
harmless  to  man.  There  is  the  colon  bacillus  group,  embracing  many 
closely  related  fonns  ditficult  to  identify.  The  tnberele  bacillus  group, 
the  diphtheria  bacillus  group,  the  actinomycea  or  sf  reptothrix  group,  are 
other  examples  of  this  relationship.'  The  more  these  related  forms  are 
studied,  the  more  evident  it  becomes  that  in  very  slight  physiological 
variations  may  lie  the  difference  between  pathogenic  and  non-path<^enic 
forms,  and  that  equally  slight  variations  in  the  susceptibility  of  the  host 
may  Iw  of  corresponding  significance. 

In  the  arrangement  and  associations  of  the  infections  diseases  consid- 
ered in  this  section,  the  existence  of  these  bacterial  groups  will  be  fre- 
quently recognized. 

BUPFTTItATIVi:  ANIt   AUilED   FOBHS  OF  INFI.AHHATION. 

We  hii\'c  si'on  in  an  earlier  part  of  this  book  that  in  various  kinds  of 
injury  to  the  living  tissues  there  may  be  a  series  of  responses  on  the  part 
of  the  body  cells  which  constitute  or  give  rise  to  the  phenomena  and 
lesions  of  iiiHammation,  One  of  these  forms  of  tisane  respouse  to  injury 
is  called  suppuration  or  siippundivc  inftummuiion. 

We  have  seen  that  the  characteristic  feature  of  suppurative  inflam- 
mation is  the  collection  at  or  near  the  seat  of  injury  of  leucocytes,  mostly 

'  This  grouping  of  related  forms,  frotjiiently  with  special  reference  to  the  qualities 
of  particular  spoties  as  excitants  of  ilisertse.  has  been  apeciully  worked  out  by  Kniee. 
See  FlUggc's  "  MikroorganisineD,"  UiX.  it. 
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of  the  polymorphonuclear  type.  These  leucocytes,  attracted  through 
ehemotaxis,  emigrate  from  the  smaller  vessels  and  gather  iu  the  tissues. 
Here  they  may  proliferate;  through  their  phagocytic  powers  they  may 
directly  or  indirectly  destroy  living  micro-organisms;  by  lytic  sub- 
stances Mhich  they  elaborate,  they  may  soften  and  remove  dead  tissues ; 
or  they  may  themselves  succumb  to  the  action  of  poisons  or  other  local 
conditions  inimical  to  their  life.  MTiile,  to  a  limited  extent,  a  suppura- 
tive inflammation  can  be  incited  by  chemical  agents,  such  as  ammonia, 
turpentine,  etc.,  in  most  cartes  it  is  incited  and  sustained  by  micro-oi^n- 
isms  or  by  poisons  which  these  micro-organisms  set  free  as  the  result  of 
their  own  metabolism  or  by  the  decomposition  of  substances  iu  the  tis- 
sues or  the  tissue  fluids. 

Before  considering  in  detail  the  characteristics  of  the  various  forms 
of  micro-organisms  which  may  act  as  excitants  of  suppurative  inflam- 
mation, it  is  necessary  for  us  to  survey  the  various  phases  which  this 
process  presents  under  different  conditions. 

In  the  first  place  while  the  einigi'atiou,  proliferation,  and  gathering 
of  leucocytes  is  the  most  characteristic  feature  in  this  form  of  inflam- 
mation, these  are  always  associated  with  the  accumulation  of  more 
or  less  fluid  transudate  from  the  blood-vessels  and  often  with  the  for- 
mation of  fibrin.  These,  the  leucocytes,  the  serum,  and  the  fibrin, 
constitute  the  emdate.  Furthermore,  associated  with  the  accumulation 
of  the  exudate  there  may  be  albuminous  dt^neration  and  necrosis  of 
celUi  and  tissue  of  the  affected  part  or  of  the  formed  elements  of  the 
exudate  itself.  Finally,  a  proliferation  of  the  fixed  cells  of  the 
affected  region  frequently  accompanies  the  exudative  phiises  of  infiam- 
mation  and  may  dominate  the  processes  when  regeneration  and  repair 
are  under  way. 

Although  the  processes  involved  are  esentially  the  same,  it  has  been 
found  convenient  to  attach  special  names  to  various  topographic  forms 
of  suppurative  infiainmatiou,  the  difl'erences  depending  laigely  upon  the 
origin,  situation,  extent,  and  complications  of  the  primary  lesion,  some- 
what, however,  upon  the  qualities  fixed  or  variable  of  the  infecting  mi- 
cro-oi^nism.  Thus  a  suppurative  inflammation  involving  the  serous 
surfaces  and  resulti;ig  in  the  accumulation  of  a  purulent  exudate  iu  the 
serous  cavities,  such  as  the  pleural  and  the  pericardial,  is  called  empyema. 
An  exudative  inflammation  of  the  mucous  membranes  with  a  marked 
emigration  of  leucocytes  fi-om  the  vessels  of  the  submucosa  is  palled  a 
jmralrnt  catarrh  or  blennorrhcea. 

Pttxlnlea  are  superficial  collections  of  purulent  exudate  in  the  skin. 
The  result  of  a  localized  suppurative  and  necrotic  infiammation  starting 
nsnally  in  the  hair  follicles  of  the  skin  is  called  a,  furuncle  or  carbuncle, 
depending  upon  the  extent  of  the  lesion.  Ulcers — in  whatever  way 
origiimting — (see  p.  91)  may  be  the  seat  of  suppuration,  the  exudate 
passing  off  upon  the  free  surfaces. 

A  diflTnse  Infiltratiou  of  the  subcutaneous  or  deep  fibrous  tissue  or  of 
the  interstitial  tissue  of  the  viscei-a  with  exudate  is  called  pMeymon.     If 
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in  lliis  phlegmonous  inflammation  there  be  much  Beroiis  fluid  a&sociated 

with  the  cell  accumulation,  as  is  commonly  the  case  in  the  earlier  stages 

of  tlie  process,   the  conditio     i    olte 

named  purulent  tedema.      Who      oi    the 

other    hand,    there    is  a  more  or   le^s  '^f^!^ 

cireumscnbed     collection    of    p  rule  t  /Lj^    ^jff 

exudate  in  the  depth  of  the  t  &    es  or  ^B^        .— 

organs,  associated  with  necros  s  i  d  flu  '^  *  ^A 

Idification  of  the  titisues  invol  e<l     t    s  t^jfi     %^   jb  'v 

customary  to  call  the  result  of  tl  e  i  roc  \™  ^Sv     f,fA, 

eiss  an  abucesa.  \  *    §^ 

In  some  phases  of  exudati  e      fl    u 
mation,  particularly  those  invol  i  g  tl  e  tlajm  t  o 

serous  surfaces,  the  exudates  Oitcil  occur  some  of  lb«  <*lla  sbow  Uie  marks  of  n». 

together  in   the  most  variable   propor-     lClt'<^  uTlX^!^""  *""  '"^""^ 
tions;    they  are  formed  under  the   in- 
fluence of  the  same  agents  and  frequently  an  exudate  at  fii'st  simply  serous 
in  character  becomes  fibrinous  or  purident  or  both  togethei'. 

It  will  thus  be  seen  that  the  exudate  which  is  formed  in  suppurative 
inflammation    varies  considei-ably   in    its  composition  and    structure. 
Primarily,  pus  consists  of  an  albuminous  fluid  containing  leucocytes, 
some   mononuclears,    most   of   them 
polymorphonuclears     {Fig.      yi). 
While  the  exudate  is  in  the    tissue 
and  the  extnditions  are  favorable,  these 
cells  may  be  alive  and  without  struc- 
tural abnormalities.     But  often,  and 
esiH'ciallyiu  accumidations,  they  pre- 
■)H»  '  sent  various  phases  of  degeneration — 

'•\I_  albuminous  or  fatty — or  of  neei-osis 

**'  .  .,»  and  disintegration.     It  is  on  account 

of  their  relative  frequency  and  abun- 
danre  in  purulent  exudates  that  the 
leucocytes  are  regiirded  par  cjccelletiee 
as  pus  cells.  But  other  cells  may  be 
;  present  in  pus,  thus  in  inflammation 

of  the  serous  membranes,  sueli  as  the 
peritoneum,  pleura,  etc.,  the  exfoli- 
J'^^lf7m''^Z^<^i!'^FZ''"■yl^f^M     "*^'''  "'"^  prolifenvted  nM^sotlielial  cells 
AN  ABSLKss  or  THE  KIDNEY.  may  furnish  no  small  part  of  the  cel- 

lular content  of  the  exudate.  In  in- 
flammation of  the  mucous  membranes  also,  the  epithelial  cells,  either 
Jiew -formed  or  simply  exfoliatetl,  may  be  abundant.  Furthermore,  pus 
may  contain  a  variety  of  chemical  substances  and  formed  elements  de- 
pending upon  the  plaee  of  its  formation  or  aecumulation.  Thus  mucus, 
fibrin,  cell  and  tissue  detritus,  fat,  and  miero-orgauisms  may  be  inter- 
mingled with  the  pus  ci'lls. 
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The  baoteria  irbich  are  found  in  the  various  phases  of  suppurative 
inflammation  may  lie  fn%  iu  the  iutei'stiii's  of  the  tistsue  with  the  exu- 
date, or  they  may  be  iu  part  within  tlie  cells  which  ha\"e  gsithered 
about  Ihera  (Fig.  92).  Botii  withiu  and  without  the  cells  the  biirteria 
may  present  those  structiu'al  alterations  which  denote  their  death  and 
degeneration  in  the  struggle  for  exislencc  to  which  the  two  forms  of  liv- 
ing beings,  the  microbes  and  the  body  «-ells,  are  subjected  under  the 
conditions  which  mark  iufcetion.  The  local  and  systemic  reaction,  ou 
the  other  hand,  and  the  cell  necrosis  which  so  frequently  follows  the 
growth  of  micn>bes  in  the  body  are  expressions  of  an  unfavorable  envi- 
ronment to  which  the  body  cells  m*  individuals  and  the  body  as  a  com- 
posite organism  are  subjected,  and  to  which  they  may  successfully  react 
or  under  unfavorable  conditions  may  succumb.' 

In  the  softening  of  tissue  involved  in  the  development  of  al>scesses 
as  well  as  in  the  removal  of  exudates  by  absorption  it  is  probaVde  that 
the  solution  of  the  formed  elements  of  the  tissues  is  aecomplishetl  by  the 
development  of  lytic— autolytic — substances  (s**  psige  187).' 

Tozsemia. — While  tiie  \'arious  fonns  of  exudati\'e  inflammation  are 
more  or  less  circumscribed,  the  soluble  toxins'  whi<;h  are  formed  ut  the 
seat  of  li>cal  bivcterial  growth  may,  without  the  disjiersion  of  the  gi'rms 
themselves,  be  difTiised  through  the  blood  and  the  other  fluids  of  the 
body,  giving  rise  to  the  symptoms  and  lesions  of  tortemia — fe\"or  and 
various  other  forms  of  functional  disturbiuice,  albuminous  degenenvtion 
of  the  viscera,  focal  necrost^s,  petechial  hn-morrhages,  hiemolysis,'  throm- 
bosis, leucoeyt<«is,  cbnmiatolysia  of  the  giinglion  cells,  etc. 

Of  these  alterations  in  the  liody  which  are  of  fn'quent  occurrence  in 
many  forms  of  toxtemia,  wlietlier  induee<l  by  bacterial  or  other  kinds  of 
poisons,' the  only  one  which  demamls  speciiil  notice  here  are  the /(«vt( 
necroses.  These  nsutilly  small,  often  siiaiply  circumscrilHil  arciw*  of 
dead  tissue  msiy  l)e  pi-esent  in  any  of  the  viscera,  but  aiv  often  most 
abundant  and  conspiou4uts  in  the  liver.'  They  vary  considerably  in  ap- 
l>earance,  dei)ending  upon  the  stjigc  of  the  tissue  involvement.  The  cells 
in  the  affected  area  may  be  swollen,  (lie  cytoplasm  more  transparent  than 
normal,  while  the  nuclei  nniy  remain  Hnstain<-d  with  the  usual  dyes  or 
show  various  phases  of  fnigmentation  or  disintegration;  or  they  may 
disappear  altogether.  jVgain,  the  cells  in  the  involved  area.s  may  U'come 
more  coarsely  granular  than  is  normal,  may  nndei^o  a  change  similar  to 
that  seen  in  coagulation  necrosLsand  with  de.«<truction  of  the  inicleus  nniy 

'  For  an  cxlmuHtivi?  rcvlt'W  of  stuppunktivLMuflHniniiition  from  tlic  mtxIiTD  HtaDdpoJiit 
witb  bibliograpliy  consult  Jaitomki,  Zieglcr's  "Ui'itragu  /ur  patli.  Anatomic,"  etc.,  ltd. 
XV..  p.  128,  1884. 

'For  fuller  reference  to  removal  of  exudates  by  nutolysia,  see  fiiolnote,  page  116. 

*See  reference  to  OppenheimiT,  page  164. 

■■  For  a  summary  of  facts  relating  to  tlie  hiemolytic  power  of  varioiia  Bixries  of  Imc- 
teria  sec  WtMi,  "Huxley  Lecture  ou  Immunity,"  Med.  News.  Ociolicr  IStii,  IIKW,  p. 


baps  by  limited  vascular  dlstui'bancc  or  by  n 
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form  deeply  staiDing,  irregular  clumps  or  masses,  or  may  dieintegrale 
(Fig.  93). 

Associated  with  or  followiug  these  changes  there  may  be  a  gathering 
of  leucocytes  about  and  within  these  necrotic  ai'eas,  so  that  the  foci  may 
preseut  the  appearance  of  little  abscesses  or  masses  of  lymphoid  tisHiie. 
Finally,  these  necrotic  areas  may  undergo  repair  aud  be  replaced  by 
small,  spheroidal,  youug  eonnective-t issue  cells,  graunlatiou  tissue,  oi 
finally  by  small  masses  of  cicatricial  tissue.' 

Septiosmia  and  Pyeemia. — Bacteria  as  well  as  their  toxins  may  be 
distributed  from  a  local  portal  of  entry  or  an  infected  region  throughout 
the  body,  not  only  inciting  general  functional  and  structural  changes. 


FIQ.  eS.~FlH-AL    SXCROSIS  IN    THE  LLVER  IKUUCED    BY    TOXfC  HaTKRUL  Or    BACTIIRUL  ORIGIK. 

but  when  the  Itactoria  lodge  in  various  situations  giving  rise  by  new  local 
pi-oliferation  to  fresh  foci  of  inflammation. 

It  is  ciuftomary  to  designate  the  condition  in  which  bacteria  as  well 
as  their  toxins  are  distributed  thi-ough  the  body  by  the  blood  and  lymph 
channels  as  Kcpticwmia.  When  fresh  suppurative  foci  develop  as  the  re- 
sult of  this  distribution,  the  condition  is  called  pymnia. 

The  terms  septicemia  and  pysemia  are  surx'ivals  of  a  nomcuelature 
adapted  to  the  jjeriod  before  the  nature  of  the  excitants  of  infectious 
disease  wiis  definitely  known.  The  manifestations  of  septiciemia  were 
then  attributetl  to  the  pi-eseuce  of  putrid  material  in  the  blood.  Pyieraia 
exprossc-d  the  biOicf  that  the  h'sious  characterizinj*  this  condition  were 
due  to  the  presence  of  pus  in  the  blood.  The  term  baderiannm  is  some- 
times and  more  correctly  used  to  indicate  the  presence  of  Imctcria  in  the 
blood,  but  the  old  words  with  their  new  implications  and  limitations  are 
still  commonly  eniployp<l.' 

'  Fr)r  n  c-rmiprelicnsive  study  of  focal  necrosis  and  otbcr  assoclateil  lesions  in  certain 
fom)fl  of  toMttuiu.  consult  llic  excellent  sliidy  of  hlfinei;  "  Tlie  Patlioloey  of  Toxalbu- 
min  Intoxidilion,"  Johns  Hopkins  Hospital  llcporis.  vol.  vi.,  p.  2.~)9,  1897,  Bibl. 

•ll  lias  lonii;  l)eon  known  that  iwrsons  who  liuve  reeeiveii  injnries  or  wounds  may 
BiilTer  from  roiistitiilionitl  symptoms,  amnnf;  the  most  markcil  of  wliicli  may  be  fever, 
anil  develop  local  or  disscnunnlcil  lesions.     To  ileaignalt'  the  condition  at  these  patlentft 
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The  term  pycemia,  as  will  be  seen,  indicates  a  clinical  and  anatomical 
phase  of  eeptlcieraia. 

The  new  foci  of  suppuration  in  ppemia  are  called  metastatic  abscesses, 
and  in  distribution  these  may  bear  an  obvious  relationship  to  the  seat  of 
the  primary'  lesion.  Thus,  iu  suppurative  processes  in  the  intestinal 
tract,  metastatic  abscesses  are  liable  to  occur  in  the  liver.  From  sup- 
purations in  the  skin,  bones,  muscles,  etc.,  infectious  emboli  may  be 
transmitted  to  the  lungs  and  lead  to  infarctions  and  abscess;  or,  passing 
these  oi^ns,  the  germs  may  induce  multiple  abscesses  in  the  kidnej'S 
aud  in  other  viscera. 

It  should  be  remembered  that  the  point  of  introduction  into  the  body 
of  the  offending  germs  may  be  wholly  concealed  and  not  associated  with 


Fig.  W.-Mlcbococc:  in  Htseiu  is  the  Fibrlsois  exudation  of  Pv^Mic  Plki-kist. 

any  form  of  demonstrable  external  lesion.  This  is  often  called  crypto- 
genetic  pytemia  or  septieo-pyiemia. 

After  death  from  septicfemia  and  pyiemia  there  is  a  consideinble 
variety  in  the  post-mortem  appearances. 

There  are  cases  in  which  there  are  no  rect^nizable  gross  lesions. 

There  arc  cases  characterized  by  early  post-mortem  decomposition; 
post-mortem  staining  of  the  tissues;  congestion  of  the  lungs,  stomach, 
intestines,  and  kidneys;  extravasations  of  blood  in  the  serous  mem- 
branes; swelling  of  the  solitary  and  agminated  lymph-nodulos  in  the 
small  intestine;  swelling  of  the  spleen  and  albuminous  degeneration  of 
the  liver  and  kidneys;  chromatolysi.'*  of  the  ganglion  cells  of  tlie  bmin 
and  cord. 

There  may  be  localized  inflammations.  The  joints  and  the  ti.ssue 
about  them,  the  pleura,  the  pericardium,  tlie  endocardium,  tlie  peritoneum, 

the  terms  pjiEmla.  septlcosmia,  «?ptico-pyiEmia,  pyo-scptictemia,  ichontmia.  inflamma- 
tory fever,  surgical  lever,  traumatic  fever,  suppurative  fever,  puerperal  fpver,  and 
purulent  infeciiou  have  been  used. 
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the  pia  mater,  and  the  coniiecthe  tissue  in  different  parts  of  the  body 
may  be  inflamed.  Tbt^se  loral  intlaniaiations  are  usually  purulent,  ex- 
cept in  the  serous  niembrane.s,  where  the  principal  inflammatory  product 
may  be  fibrin  (Fig.  89;,  The  veins  in  the  neighborhood  of  the  wound 
may  contain  softened,  purulent  thrombi,  without  infaretions  in  the  vis- 
cera while  there  may  be  inflammation  of  the  joints  and  serous  membranes. 
On  the  other  hand,  with  tlie  venous  thrombosis  there  may  be  infaretions 
and  abscesses  in  the  viscera;  local  inflammationsof  the  joints  and  serous 
membranes  may  l»e  present  or  absent.  While  thrombi  are  often  formed 
in  the  veins  near  the  wound,  they  may  be  situated  in  veins  at  a  distance, 
and  sometimes,  although  infaretions  and  ab9ces.ses  be  present,  no  thrombus 
evn  be  discovered.  The  veins  may  be  distended  by  the  thrombi  or  contain 
only  small  coagula.  The  different  kinds  of  thrombi,  and  the  varieties 
of  emboli  and  infaretions  which  they  produce,  are  described  in  the  section 
on  Thrombosis,  p.  72.  Leneoej-tosis  usually  accompanies  pysemia  and 
septietemia  as  veil  as  the  suppurative  process  with  which  (hey  are  asso- 
ciated. Studies  of  the  blood  in  various  fonns  of  septiciemia  are  numerous 
and  instructive,  but  we  cannot  cousidcr  them  here.' 

Various  lines  of  research  on  minute  chauKPS  in  cells  which  bacterial 
and  other  poisons  may  induce  justify  the  expectation  that  moi-e  and 
more  we  shall  be  able  to  associate  chanicteristie  groups  of  symptoms  in 
toxiemia  and  septietemia  for  which  there  is  now  no  morphological  basis, 
with  well-defined  cell  alterations.  Among  the  most  striking  of  the  toxic 
cell  lesions  thus  far  studied  in  septietemia  and  bacterial  toxiemia  are  those 
involving  the  cytoplasm  of  the  ganglion  cells  (see  Xervous  System). 

THE    PTOaEKIO  £AOTEItIA. 

"While  many  species  of  microbf*  are  cai>able  under  favorable  condi- 
tions of  inciting  suppuration  and  other  forms  of  exudative  inflamma- 
tion and  may  when  they  or  their  toxins  are  disseminated  in  the  body 
give  ris<^  to  toxiemia,  septiciemia,  and  pysemia,  there  are  two  forms 
which,  on  account  of  their  early  discovery  and  their  relative  frequency, 
are  commonly  considered  as  par  excrUenec  "  pyofjenie  "  bacteria.  These, 
which  are  called  Slaphylucoecun  and  Strrptoeocraa,  wc  sliall  consider  first. 


ClIAIt.\CTKR»   OF   ST.lPnVIX)(X)CCt'8   PYOGK.VtB. 

Tlifi  Stni'lii/I'M-'-n-'iii  jiimieiie'  n''reu*  (Slicnx'occiLK  pytigi'iu's  niirpus)  (Fig.  95)  is  a 
relatively  sniull  cotciis.  Ilie  iiiiiividnHls  varying,  Ihiwi-vit.  i.'iiiisidcmbly  la  size  (0.7  to 
1.2  II  in  (lianteter).  la  ils  Rri>wtli  it  Aoen  not  hIiow  a  clmrucluriHlic  iiroupiog.  hut  grow? 
Id  irrt'KUlar  niass<-s  ami  lioapi*  (ilic  fuimcwiint  eniile  nttrmblanrc,  wht'ii  studicit  under 
ariiviT  pla»«.  to  a  bun<-h  of  pnipi'K  save  rise  tolhp  (reiHTii;  iianic>:  siinietiines,  however. 
paii'!<an<l  groujraof  fourorgliortrnn-Hof  ilip  cocci  an-  seen.  Tiic  trcrni  is  readily  staiDed 
by  the  aoilin  dyes,  and  docs  not  Ihkc  its  color  in  Oram's  nictliod  of  slaining.    It  docs 

'  ConsuU  W/iilr.  .loiimal  of  Kvpcjiiiicnlnl  Medicine,  vol.  iv..  p.  425.  1890:  alsn: 
Ad-imi.  Jom-nal  of  llic  American  >[<'dica]  As.s(M-<ulion.  December  16th  and  33d.  IttOft 
Both  have  bibliography. 
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not  show  spoDlaneous  movemcuC,  aad.  like  other  apbcroidnl  forms,  doea  not  appear  to 
develop  spores.  It  is  quite  tenacious  of  vitality,  surviving  long  drying  and  di-gteca  of 
heat  and  cold  and  an  exposure  to  cliemical  bactericides  to  which  many  pathogenic  genna 
rcadilv  succumb.  It  grows  well  at  ordinarj'  room  temperature  in  such  artificial  cultui'e 
medif  as  nutrient -gel  at  in,  agar,  beef  tea.  and  milk,  and  on  potatoes,  forming  somewhat 
voluminous  masses  of  culture.  It  rapidly  fluidifies  gelatin, 
coagulates  milk,  and  in  the  various  metlia  develops  a  yellow- 
ish-white or  a,  deep  golden-yellow  color,  whence  its  specific 

CO  lor- producing  capacity  is  siibject  to  wide  variation. 

Effects  of  StaphylocoocQi  Pyogenes  in  the  Body. — 
From  a  beef-lea  culture.  The  viittlence  of  Cultures  of  Staphylococcus  pyo- 
genes obtained  from  different  sources  varies  con- 
siderably, but  in  general,  suppuration  is  not  readily  induced  in  the 
lower  auinials  by  its  subcutaneous  injection.  Liability  to  suppuration 
is  greatly  increased  by  mechanical  or  chemical  injury  to  tlie  tissues  with 
which  the  germ  is  brought  in  contact.  Injection  of  a  virulent  culture 
into  the  ear  \ein  of  the  rabbit  is  usually  followed  by  multiple  abscesses 
iu  the  kidneys  and  muscles,  by  suppuration  of  joints,  etc. 

In  man  this  coccus  grows  readily  and  rapidly,  and  may  induce  necro- 
sis and  exudative  inflammation,  especially  the  suppurative  phases  (Fig. 


fio.  ML— Masses  of  Micoococci  i; 

t  hJood-resHrl  In  wblcb  llie  bacwrla  lie  In  an  anta  of  nevrotle 

96).  The  lesions  which  it  induces  are  ajrt  to  be  circnmseribed.  It  may 
induce  pustules,  boils,  and  abscesses,  and  various  suppurative  inflamma- 
tions of  the  viscera  and  serons  membranes,  joints,  bones,  endocardium. 


Digitized  by  Google 


206  THE   ISFE<TIOrH  DISKASES. 

etc.  These  effects  may  be  induced  by  the  Btaphyloeoccns  alone  or  by 
it  ill  association  with  other  species  of  germs. 

Staphylococcus  i>y<^iie3  aiireua  incites  these  changes  in  the  body  in 
virtne  of  certain  toxiiis  or  to\a]butuins  which  are  produced  as  the  re- 
sult of  its  metabolism,  and  which  are  either  at  once  set  free  or  stored  up 
in  the  body  of  the  germs  until  their  release  by  disintegration  after  the 
death  of  tlie  germs.  The  sijecial  power  of  the  staphylococcus  to  cause 
the  gathering  of  leucocytes  is  apparently  due  to  the  marked  chemotactic 
powers  of  some  of  the  proteid  substjinces  in  its  protoplasm. 

It  may  enter  the  body  through  wounds,  small  or  large,  of  the  skin 
or  mucous  membranes,  and  sometimes  through  uninjui-ed  surfaces.  In 
many  cases  its  mode  of  access  is  not  evident.'  While  usually  this  germ 
soou  dies  in  the  body,  it  may  remain  for  a  long  time  alive. 

It  is  widespread  in  inhabited  regions,  especially  in  towns,  being  fre- 
quently found  on  the  .surface  of  the  body,  and  in  the  saliva,  particularly 
of  thftse  with  acute  or  chronic  catarrh  of  the  upper  air  pa-sKages.  As  the 
result  of  the  filthy  habit  of  indiscriminate  public  spitting,  it  is  common 
in  the  dast  of  hospitals,  houses,  towns,  public  couveyjMiees,  and  places 
of  public  as.Hembly.' 

Other  Forms  of  Btaphylococctu. 

Stitphglomcctm  pgogenea  nlbiiK. — TLis  nppeara  to  be  &  variety  of  the  Staplijlwx)ccii8 
pyogenes  which  does  not  develop  tile  yellow  color  in  cultures.  It  is  ot  frequent  oc- 
curreueebotliincouuec^oD  with  tlie  aureus  and  alone.  Its  action  on  tlic  body  is  similar, 
but  it  lias  seemed  to  luany  oltservers  to  1k'  in  general  less  virulent. 

Sliiphgliirrifetit  rpidermitlia  nliiM.— This  coccus  has  lu'en  described  by  Welch  as  of 
frequent  occiirrenee  In  the  epidermis,  an<l  although  of  rather  feeble  pyogenic  power, 
yet  seems  freiguently  to  cause  small  stilcli -abscesses  and  moderate  suppuration  along 
drainage  tubes.    Welch  regards  it  as  possibly  a  variety  of  Staphylococcus  pyogenes 

Other  forms  o[  staphylococcus  liavc  been  described — S.  sallvarius  pyogenes,  S. 
cereus  albus  and  llavus — but  they  are  apparently  of  little  pathological  sigDiflcaucc. 


('lIARAtTEKS  OF  THE  STREPTOt-OCCrS    PYOGENES. 

The  Sii-ejiU-ciifetig  /ii/ogfiifa  (Micrococcus  pyogenes)  is  di*tingiiislie<i  morphologically 
from  the  cocci  just  described  by  the  marked  tciwlciiey  tthich  the  individuals  exhibit, 
wlicu  growing,  to  hang  together  in  longer  or  shorter  chains  (Fig.  97).  It  is  like  tlie 
Staphylococcus  pyogenes.  Immobile,  and  stains  easily  in  the  same  way.  By  a  special 
metlKxl  Hiss  has  demonstrated  a  capsule  on  streptococci.' 

It  grows  readily,  but  more  slowly  than  ijtapliylocuccus  jiyogcues,  on  the  ordinary 
culture  media.  It  dous  aot  fluidify  gelatin,  on  which  it  grows  as  small.  Inconspicuous, 
grayisli-whiie  colonies.  On  the  surface  of  agar  plates  kept  in  the  tliermosiat  at  ST'  C, 
lor  twenty -four  hours,  the  small  graylsli  colonies  usually  show,  under  the  microscope, 
loops  oud  fringes  ot  thechain-likecocci  extending  oil  from  tlie  borders,  Tlie  growth  ou 
potatoes  is  Im^onspieiioiis,  In  nutrient  brotli  it  usually  forms  delicat<',  llocculcut  masses, 
which  cling  to  the  sides  of  the  tulK-s,  leaving  the  fluid  clear.    Occasionally  the  masses 

'  For  a  resume  of  the  rule  of  S.  pyogenes  aiireusin  the  skin  di3ea.<!e,  with  bibliogra- 
phy, m!  Wliilf,  HoMton  AlMtical  and  Surgical  Journal,  vol.  c\ll..  |>.  335,  18S9. 

*  For  bibliogn(])hy  of  S.  pyogenes  aureus,  consult  article  liv  AViWr  iiial  Liptteia  in 
Koile  and  Wiissermanu's  -  Ilandbiich  dcr  ^[ikroorgniiismen."  Ikl.  ii„  p.  106. 

'  Jliet,  ScicucL-,  March  Tiii,  lUOi,  ]i.  ;W7,  preliniinaiT  communication. 
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of  streptococci  are  dense  and  compact.  Not  infrt-qucnlly  llic  growth  ia  diffused  through 
the  nuiricat  broth,  rcDdcriog  it  turbid.  WbcD  in  vigorous  growth  It  coagulates  milk. 
Streptococcus,  aa  'well  as  Staphylococcus  pyogenes  aureus,  develops  biciiiolyiic  sub- 
stances in  its  growth.! 

There  b  considerable  difference  In  the  tenacity  with  which,  in  broth  cultures  of 
streptococci  from  different  sources,  the  individual  cocci  cliDg  tiigetlier,  so  that  in  one  set 
of  cultures  the  chains  niay  be  very  long,  in  another  short.  It  haa  been  thought  by  some 
observers  that  Ibis  difference  is  so  constant  aa  to  justify  special  names  for  Ihesc  growth 
variants  of  the  streptococcus,  and  they  have  lieen  called  respectively  f^repioatftut  taiigut 
and  Stif/itococcm  bretif.  Tlio  growth  in  small  dense  masses  has  given  rise  to  the  name 
atreptoeouv*  eonglomtratut.  It  is  doubtful  whether  these  names  indicate  more  than 
lallier  inconstsnt  growth  varieties  de|>en ding  upon 
n  the  culture  me<lia. 


Effects  of  Streptocooctu  Pyogenes  in  the 
Body. — Streptococci  which  give  evidence  of 
little  virulence  in  animal  inoculation  are  very 
comiuoa  in  the  moutlis  of  healthy  persoiiH. 
The  significance  of  these  germs  in  healthy 
mouths  is  not  vet  clear. 
From  a  brom  cuiture.  The  results  Of  animal  inoculation  with  the 

Streptococcus  pyogenes  arc  in  general  simi- 
lar to  those  with  the  Staphylococcus  pyogenes  aureus.  The  strepto- 
coccus is  very  frequently  associated  with  the  staphylococcus  both  in  itsi 
distribution  outside  the  body,  iu  healthy  persons,  and  in  disease.  In 
general  it  may  be  said  that  the  streptococcus  incites  those  forms  of  .sup- 
puration and  fibriuo-puriilent  inflammation  which  tend  to  spread  both 
locally  and  through  metsistasis. 

Strei>tococcH8  pyogenes  has  been  found  either  alone  or  in  association 
■with  staphylococcius  in  a  lai^e  number  of  suppurative  processes  iu  vari- 
ous parts  of  the  body,  the  condition  iu  some  cases  receiving  special  names, 
m  others  not.  Thus  in  boilsaud  carbuncles,  in  absces.ses and  phlegmons, 
iu  herpes,  impetigo  and  panaritium,  in  phlebitis  and  lymphiuigitis,  iu 
erysi{>elas,  iu  suppurative  inflammation  of  various  mucous  and  serouR 
membranes,  and  in  some  forms  of  pneumonia,  one  or  other  or  both  of 
these  germs  are  frequently  concerned.' 

One  of  the  most  important  features  of  the  relationship  of  Streptococ- 
cus pyi^enes  to  man  is  the  frequency  with  which  it  enters  as  a  concur- 
rent pathogenic  agent  iu  already  established  infectious  diseases  due  to 
other  forms  of  micro-organisms.  Thus  some  of  the  most  serious  com- 
plications to  which  the  victims  of  scarlatina,  diphtheria,  typhoid  fever, 
and  pulmonary  tuberctdosia  are  liable  are  due  to  the  action  of  the  strep- 
tococcus in  the  body  rendered  unusually  vulnerable  by  the  existence  of 
another  form  of  infection.  The  senini  of  individuals  adapted  (immu- 
uixed)  to  streptococci  may  agglutinate  the  niicro-oTganisnis." 

Streptococci  which  upon  their  isolation  from  the  boily  in  suppuralivc  or  other  in- 
fectious processes  arc  very  virulent,  usually,  and  sometimes  very  quickly,  pnnially  or 

'  For  lucmiilysis  of  streptococcus,  see  ■'khelniigei;  Ztit.  f,  Ilvg.  u.  Infkr.,  Bd  xliv., 
1903,  p.  42H. 

-  Anaerobic  streptococci  have  been  found  by  various  observers  in  abw'esses  and 
other  forms  of  suppuration  of  which  they  e.n:  apparently  tiie  c.veitanls. 

'  For  a  studv  c)f  uggluli nation  of  strenlococci  sre  ^f^l»er  and  Cteiuen*.  Centrbl,  t.  Bak., 
k\>l\\.  I.,  1903.  pp.  .WO  and  7U;  ul«>  Sfifeld,  Zi'itscli.  f,  Ilvg.  u.  lufkr.,  Ud.  sliv., 
1903,  p.  161 ;  also.  Wtaur,  Jour,  of  Inf.  Dis,,  vol.  i.,  1903,  p.  91,  _, 
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wholly  luse  this  virulence  under  artificial  cullivntioD.  On  tlic  otlier  hand,  cultures  ot 
streptococci  wliich  have  largely  lost  virulence  under  artificial  cultivation,  or  wliose 
Initial  virulence  was  sliglit,  iiiay  experience  ti  great  exttltatiou  of  virulence  by  a  long 
succ<:8sion  of  inoculations  from  animal  to  anlinal. ' 

The  inclabolic  products  formed  by  virulent  streptococci  growing  in  nutrient 
broth,  wlien  freed  from  the  germs  by  filtration,  liave  been  found  to  induce  in  animala 
the  symptoms  of  toxieiuia.  The  results  of  preliminary  experiments  on  immunization 
wiih  these  toxic  products  of  S.  pyogenes  and  the  use  of  the  blood  seruniof  tlie  immune 
animal  for  therapeutic  purposes  ap])eiir  to  be  promising.  But  the  practical  value  of 
the  so-called  ttreptacoccuii  antitotiii  is  at  this  date  not  fully  determined. 

EBTSIPBLAS. 

Erysipelas  is  a  diffuse  iuflammatiou  of  tbe  skiu  and  HuI>cutaiieoiis 
tissue  wliich  tends  to  spread,  aiid  is  cliaracterized  locally  by  swelling  of 
the  tissue  and  a  bright-red  color  of  the  integument.     It  is  usually  accom- 


panied by  constitutional  disturbances,  the  most  marked  of  which  is  fever. 
The  morphological  changes  at  the  seat  of  lesion,  as  we  see  them  after 
death,  vary  considerably  in  different  cases  and  in  different  stages  of  the 
disease.  The  redness  of  the  skin  usually  disajipears  after  death.  But 
the  tissues  may  be  swollen  by  the  accumulation  of  serons  fluid.  .  Tliis 
fluid  may  be  nearly  transparent,  or  turbid  from  a*lmixtnre  with  pus  cells 
(Fig,  98).  Pus  cells  may  infiltrate  the  tissues  either  sparsely  or  in  dense 
masses.  Fibrin  may  be  present,  abscesses  may  form.  Sometimes  vesi- 
cles or  scabs  are  found  on  the  surface,  or  the  affected  region  may  become 
gangrenous.  Aside  from  the  local  lesions,  there  maybe  toxiemia  marked 
bypetechite  in  the  serous  membranes,  swelling  of  the  spleen,  focal  necro- 
ses, and  albuminous  degeneration  in  the  kidneys  and  liver. 

The  most  common  excitant  of  erjsipelas  is  Streptococcus  pyogenes.' 

'For  bibliography  of  streptococcus  consult  the  article  by^  r.  Lt'ngrhhcim,  in  Kolle 
and  Wassermann's  "Handbuch  der  Mikroorganismen,"  B<1,  li.,  ]>.  8(B;  for  a  study  ot 
tJie  action  of  strcptix^iccus  toxin  on  various  [larts  of  the  body  see  Uomen  and  others, 
Zleglers  "Beilrflge,"  ltd.  otXT..  p.  l.>9,  181(9. 

*  In  the  early  days  of  moilern  bacteriology  the  "  chain  "  coccus  which  was  disoov- 
ered  in  the  exudate  of  erysipelas  was  thought  to  bear  a  peculiar  relationship  to  this 
clinical  form  of  phlegmonous  iiiHnnunatlnti  anrl  was  called  by  Fehleiien  Streptococcus 
crysipelatis,  but  It  has  now  been  definitely  identified  with  the  S.  pyogenes. 
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Tbis  orgaiiiBin  may  be  present  iu  large  niimbers  in  tlie  lymph-vessels, 
especially  iu  the  borders  of  the  inflamed  region.  The  I'easons  for  the 
clinical  peculiarities  of  this  phase  of  iuflammatiou  are  not  yet  very  clear. 

nrrscnoiTB  fseudo-icekbrasotts  intlauhation  of  mttoous 

HEICBBANES.   (Fieudo-Diplitheria ;  Diplitberoid-Aiiguui ;  Hembrftnoiw 
Angina.) 

Under  a  variety  of  conditions,  as  during  scarlatina  and  measles, 
whooping-cough,  typhoid  fever,  etc.,  or  entirely  apart  from  any  compli- 
cating disonler,  an  acute  exudative  iuflammatiou  of  the  mucous  mem- 
branes, especially  of  the  upper  air  passages,  occurs,  which  is  associated 
with  and  is  apparently  induced  by  the  growth  of  Streptococcus  pyo- 
genes.    There  may  be  much  or  little  fibrinous  exudate ;  there  may  in 


Fig.  Bft— PsEcno-MEMBRjiNOfs  Inflammation  of  TRAnrgi. 
In  this  oue  tbere  is  [wnilent  InaUrBtlnn  of  ll>«  mucosa  and  submuooiw.  and  ol  portl'ins  nt  thii  murous 
glands,    a.  False  membruie;  h.  portion  or  Inlact  epItbelluiD :  c,  InaitrBllun  otlbt  murosa  nllb  Bbrln ;  <l, 
portion  of  muooui  gland  InSllnuil  witb  pus. 

early  stages,  or  even  throughout,  be  none  at  all.  The  pellicle  when 
formed  may  be  loose  or  adhereut,  sharply  cii-ciimscribed  or  tending  to 
spread.  The  submncous  tissue  may  show  little  change,  oi-  may  be  con- 
gested and  redeniatous,  or  may  be  the  seat  of  suppnntlivc  inflammatioii 
(see  Fig.  99),  necrosis*,  or  gangrene.  The  process  may  be  eonhiicd  to 
the  tonsils.  WTiile  niider  these  varying  conditions  the  intlainmatoiy 
process  is  usually  a  local  one  and  runs  its  course  with  oi*  without  the 
symptoms  of  septicfemia,  occasionally  the  sfivptococcus  which  enters 
the  blood  may  induce  the  lesions  of  pyieinia.  On  the  other  hand,  it 
may  by  aspiration  gain  access  to  the  lungs  and  induce  varying  phases 
of  complicating  broncho  iineum on i a.  The  Stajihylococcus  pyogenes  is 
not  infrequently  associated  with  the  streptococcus  iu  these  lesions,  bnt  is 
not  apparently  of  primary  sjgniiicauce.  Simulating  verj'  closely,  as  it 
14 
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does  in  many  cases,  both  the  local  and  general  phenomena  of  diphtheria, 
this  disonler  has  formerly  heeu  confounded  with  it,  and  has  been  only 
recently  rect^iized  as  a  distinct  phase  of  disease.  It  is  now  most  fre- 
quently called  pse ado- diphtheria.  It  seems  in  part  to  cover  the  condi- 
tion foraiei'ly  known  as  croup,  in  part  those  cases  formerly  thought  to  be 
mild  diphtheria.  In  many  phases  of  acute  angina,  and  in  many  cases  of 
follicular  tonsillitis,  streptococci  have  been  found  in  large  immbers. 
Other  bacteria,  either  alone  or  iu  a^ociation  with  the  pyogenic  cocci, 
may  be  excitants  of  pseudo-membranous  as  well  as  simple  angina. 


■^liile  the  Staphylococcus  pyogenes  and  Streptococcus  pyt^eues  are 
the  most  common  excitants  of  local  suppuration  with  and  witiiout  toxtemia 
and  septicemia,  such  conditions,  as  we  have  seen,  are  not  infrequently  due 
to  other  micm -organisms.  Among  these  we  may  mention  here  as  the 
more  common  and  important :  Micrococcus  lanceolatus,  the  gonococcus, 
Micrococcus  tetragenus.  Bacillus  pyocyaueus,  the  colon  and  the  typhoid 
bacillus,  the  bacillus  of  glanders,  the  tut>ercle  baeilliLs,  the  pnenmo- 
bacillus  of  Friedliiuder,  the  diplococcus  of  cerebrospinal  meningitis. 
Bacillus  pyogenes  fcetidus,  and  Actinomyces  with  its  related  forms. 

In  some  of  these  organisms  the  pyogenic  qualities  in  their  relation- 
ships to  human  infections  are  most  conspicuous;  in  others,  the  reaction 
of  the  body  to  their  presence  is  such  as  to  justify  a  special  name.  The 
latter  is  particularly  uoteworthy  in  the  case  of  the  pneuraococcus,  the 
gonococcus,  glanders,  typhoid,  and  tubercle  bacilli,  diplococcus  menin- 
gitidis, and  actinoniyees. 

Slany  other  micro-organisms  may  be  excitants  of  suppurative  inflam- 
mation in  man  as  well  as  in  the  lower  animals  under  experimental 
conditions,  but  this  exceptional  reaction  of  living  tissues  does  not  fall 
within  tlie  scope  of  this  work,  which  deals  primarily  with  such  tissue  re- 
actions as  may  occur  under  the  natural  conditions  of  life. 

The  BAriLi.us  Coi-i  Commuxis  and  the  Colok  Geotjp. 

The  badlhis  eoH  connmniiH  is  an  organism  so  frequently  present  in  the 
inttstines  under  normal  conditions  as  to  t>e  commonly  called  the  "colon 
bacillus."  It  is  motile,  facultative  aerobic,  asporogenons,  considerably 
resembling  iu  general  form  the  typlioid  bacillus  (see  p.  227).  It  has 
been  repeatedly  found  under  such  conditions  in  connection  with  suppura- 
tive proees.ses  as  to  justify  the  belief  that  it  is  often  tlieir  excitant. 

It  has  been  found  in  various  forms  of  peritoneal  suppuration,  both 
with  and  without  such  lesions  of  the  intestine  as  would  obviously  permit 
of  itsegress;  in  appendicitis;  iusuppuratiou  about  the  gall-dncts;  iuhiem- 
orrhagic  pancreatitis;  in  inflammatory  processes  in  the  genitourinary 
apparatus;  in  the  pericardium  and  pleum.  Although  a  usual  inhabitant 
of  the  intestinal  canal,  the  Bacillus  coli  is  often  extremely  virulent  wheo 


d  by  Google 


THE  INFECTIOUS   DISEASES.  211 

ODCe  it  gaius  access  to  the  tissues  of  the  hody,  especially  if  these  be 
otherwise  iujured  Ijeforehaiid.  Local  iiifectiou  with  thia  orgauism  if 
often  associated  with  serious  toxiemia  and  septictemia.  Intravascular 
iujectious  of  virnleut  cultures  in  rabbits  are  usually  followed  by  symp- 
toms and  lesions  of  septicaemia.  Introduced  suhoptoneoiisly  and  intra- 
peritoueally,  it  may  excite  local  suppuration  or  serofibrinous  inHantma- 
tion,  often  hfemorrhagic  in  character,  terminating  fatally.' 

There  are  so  many  organisms  so  closely  resembling  the  colon  bacillus 
in  tlieir  morphological  and  biological  characters  that  it  has  been  found 
convenient  to  consider  them  as  possible  \'ariations  of  one  form  and  to 
si>eak  of  them  collectively  as  the  "colon  group."  The  differentiation 
between  the  individual  members  of  this  group  and  between  these  and  the 
typhoid  bacillus  has  presented  many  difficulties  to  biicteriologists  and 
given  rise  to  mncb  technical  finesse.  It  is  now  possible  to  diflferentiate 
between  the  members  of  the  colon  gronp  and  the  typhoid  t)acillus  and 
to  separate  them  in  pure  cultures  (see  p.  237). 

The  BifiLLUB  Pvocyaneus. 

This  has  been  known  for  several  yeai'S  aw  an  oi^anism  occasionally 
found  in  pus  to  which  in  its  growth  it  imparted  a  greenish  color, 
Charrin  in  1880  established  the  significance  of  the  organism  as  an  exci- 
tant of  suppurative  inflammation  and  various  manifestations  of  septi- 
caemia to  which  he  gave  the  mune'^Maladic  pgocyaniqiie."  Since  this  time 
many  cases  have  been  reported  in  which  the  Bacillus  pyocyaneus,  either 
alone  or  in  association  with  other  oi^anisms,  has  been  found ;  for  ex- 
ample, in  purulent  otitis  media,  angina,  endocarditis  and  pericarditis, 
suppurative  inflammation  of  the  urinaiy  tract,  meningitis,  broucho-pueu- 
monia,  gastrointestinal  disturbances  in  infants  and  a^lults,  and  in  lesions 
of  the  skin  as  well  as  in  ^stemic  infectious  arising  from  primary  local 
sui>purative  inflammation.  The  green  color  is  not  always  present  in  the 
lesions,  being  firet  developed  in  the  cultures  or  in  experimental  animals. 

The  occurrence  of  the  organism  is  on  the  whole  infrequent.  It  was 
found  by  Jadowski  twice  in  systematic  cultui-es  of  the  exudate  from  two 
hundred  cases  of  suppurating  wounds.  Biirker  found  it  in  ele\en  out  of 
eight  hundred  caws  in  which  systematic  cultui^s  from  autopsies  wei-e 
made.  It  was  found  in  three  out  of  one  hundred  cases  examined  by 
Lartigau.  ^Vmong  the  more  marked  lesions  which  may  be  present  in 
cases  of  pyocyaneus  infection,  wc  may  mention  albuminous  degeneration 
in  the  viscera,  focal  necroses,  hcemorrhiiges,  local  hyperplasije  ^Oertel's 
lesion)  in  the  lymph-nodes  and  nodules  throughout  the  body,  and  espe- 
cially superficial,  circumscritwHl  or  diffuse  necrosis  and  ulceration  in  the 
intestiual  mucous  membrane.' 

'  Foriletalls  concerning  B.  coli,  wiUi  bibliograpliy,  see  Ijirtignii.  "Stiirlics  from  the 
Dcpt.  of  Path..  Col.  ofPliys.  amiSurg.,  Columbia  University,  vol.  viii..  19(12;  also  con- 
sult Maei.  "Trailede  BacterioJQBic,  1901 ;  uiso  £5«/imf A  iiwrf  jyaundfec  in  Kolle  and 
Wassermanirs  ■•  Honilbitcli  dcr  MikroorgaDismcn,"  IW.  ii.,  ti.  334. 

"For  a  critical  aumma—  -*  " •'■  — '~' — '  ■■•—'-- ■ ' 

irtigau,  Phjladdiiliia  He 
■Dtal  Medicine,  vol.  ill., 
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Cliaractors  of  the  Oi^ftniatn. 


This  orgaoism  is  from  l.S  hi  3  ^  long,  somotJmM  grows  fn  short  chains,  la  motile, 
and  decolorizes  by  Gram's  method.  It  grows  readily  on  artiflcial  media,  usually  devel- 
oping a  gi'cenisb  pigment.  It  liquefies  gelatlD.  Subcutaneous  injcf  tion  of  cultures  in 
rabbits  may  be  followiHl  by  local  suppuration,  by  htemorrbagic  adema,  and  by  septi- 

Bacillus  Pneumonia  (Fbiedlander). 

In  a  small  proportioii  of  casein  of  lobar  aud  lobular  pneniuonia,  and 
ill  a  few  cases  of  exudative  iiittamiDatiou  of  the  pleura,  pericardium, 
nieuinges,  aud  middle  ear,  this  bacillus  has  been  found.  It  is  sometimes 
found  alone,  but  in  pneumonia  is  frequently  associated  either  with  the 
Micrococcus  lauceolatiis  or  with  the  pyogenic  cocci.  It  has  been  found 
in  the  imsal  secretion  and  mouths  of  healthy  persons.  While  belonging 
definitely  among  the  bacilli,  it  so  frequently  occurs  in  the  form  of  very 
short  rods  or  ovals  or  short  chains  that  it  was  fonnerly  thought  to  belong 
among  the  cocci. 

It  seems  highly  probable  rather  than  pro\en  that  it  may  be  at  least 
partially  responsible  for  the  lesions  with  which  it  is  infrequently  asso- 
ciated in  man.  This  germ  was  formerly  believed  to  he  of  great  impor- 
tance in  connection  with  acute  lobar  pneumonia,  and  for  a  time  was 
generally  sj)oken  of  as  the  pneumococcus  of  Friedliinder.  It  is  now 
known  not  to  t>e  a  coccus,  and  is  certainly  of  subordinate  if  at  all  of 
seiious  importance  in  the  induction  of  inflammation  of  the  lungs.' 

JlKROCtKHTH   TETKAGENUS. 

This  organism  has  been  many  times  found  about  the  mouth  and  re- 
spiratory tract,  esi)e(^ially  in  eoniiectiou  with  8Uppnrati^■e  processes.  It 
has  been  found  also  in  metastatic  abswsses.  \\'hile  not  very  virulent  it 
is  apparently  an  occasional  excitant,  cither  alone  or  with  other  organ- 
isms, of  suppuration.' 

Characters  of  the  Organism. 
It  is  a  coccus  about  1  /i  in  diameter,  usually  occurring  in  groups  of  four.  These 
tetrad  groups  may  be  encapsulated.  It  stains  i)y  Oram's  metlioil,  and  is  readily  culti- 
vated on  artiHcial  media.  It  forms  a  dense  whitisli  growth  on  gelatin  which  it  docs 
not  fluidify.  Septlewmie  lesions  witb  local  suppuration  may  be  Induced  In  guinea-pigs 
by  subcutaneous  injection  with  cultures. 

Tdi-:  Protei's  fiRoi:?  of  Bacilli. 
This  is  a  large  and  in  the  ec<»noiny  of  nature  ati  important  group  of 
biicilli  much  conceriu^d  with  the  putrefacti\e  processes. 

'  Ihirnrd.  Pliiladclphia  5[cdlcal  Joiinml.  vol,  i..  p.  3^6,  1898;  Leon.  "Le  liacille  de 
Friediander."  Tlitse,  I>aris.  IPUT, 

For  a  study  of  tins  and  related  organisms,  see  SIrong,  Journal  Boston  Society,  vol. 
HI.,  p.  183. 

'For  resume  of  the  siifniflcanee  of  M.  titnigcnuB  and  for  bibliography,  cousult 
Lartigaii,  PhilBdel|ihia  Medical  Journal.  April  23d,  1899. 
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Ohantct«rs  of  tlie  Group. 
The  bacilli  of  this  group  may  Ik  aerobes  or  facultative  anaerobes.  They  are  of 
medium  size,  asporogeoous.  and  while  i^taluiDg  readily  with  ordinary  dyes  are  apt  to  lie 
decolorized  by  the  Oram  method.  While  the  organisms  of  this  group  are  bacilli,  they 
often  present  considerable  variation  in  form  as  tliey  grov/,  sometimes  being  very  short 
so  as  to  resemble  cocci,  somi'times  forming  threads  which  may  be  so  l>ent  as  to  suggest 
spirals.  Their  growth  on  solid  media  is  especially  eliaraelerized  by  the  tendency  to 
send  runners  from  the  central  growth  out  iuti>  the  surrounding  media,  thus  establishing 
secondary  growth  centres.  They  are  particularly  sensitive  to  environment,  so  that 
physiological  as  well  as  morphological  variations  are  frcijuent.  It  Is  for  these  rcssoos 
tliat  the  name  Proteus  has  been  given  to  the  group  and  to  various  S|)ecies.  The  limiu- 
tions  of  the  named  species  are,  however,  in  many  cases  nuiU:  ill  defined. 

One  of  the  most  common  forias  baa  bwn  calleil  Proteus  vulgaris. 
"While  this  tKicJlliis  is  verj'  widespread,  it  is  only  occosioually  the  exci- 
tant of  pathological  processes  in  man,  and  then  almost  always  in  concur- 
rent*  with  other  organisms,  usually  the  pyogenic  cocci,  t'nder  these 
conditions  a  suppurative  inflammation  with  foul  exudate  is  apt  to  de- 
velop. Thus  it  has  been  found  in  purulent  ]>eritoniti5  and  endometritis, 
in  pleurisy  and  in  phlegmonous  inflammation  iu  various  parts  of  the 
body.  Although  this  bacillus  is  not  apt  to  grow  in  the  human  body, 
except  in  association  with  other  micro-organiHmB  which  may  damage  the 
tissues  or  in  tissues  already  vulnerable  from  Injurj',  it  may  in  the  blad- 
der independently  incite  an  exudative  inflammation.  In  animals,  sub- 
cutaneous injection  of  the  pure  culture  in  considerable  quantity  may 
lead  to  abscess,  while  the  soluble  products  of  broth  culture  may  induce 
toxteroJa, 

Several  other  forms  of  Proteus,  as  well  as  closely  related  species, 
have  been  found  in  human  legions  for  the  mast  part  suppurative  and 
necrotic  in  character  and  these,  in  some  cases,  have  bt'en  conclusively 
shown  to  be  the  excitants  of  the  pathological  processes,  but  the  scope  of 
this  work  does  not  permit  further  details. ' 

Among  the  other  l>^u^te^ia  which  commonly  induce  local  suppuration, 
with  or  without  toxiemia  and  soptioa^mia,  some  are  of  frequent  occur- 
rence as  excitants  of  such  well-marked  and  more  or  less  charaeteristie 
forms  of  disease  as  ba^e  long  been  recogulzeil  clinically  and  ha^e  re- 
ceived special  names,  such  as  pneumonia,  gonorrhwa,  cerebrospinal  men- 
ingitis, etc.  These  will  be  in  part  considered  iu  the  section  dealing  with 
the  organs  in  which  their  more  characteristic  lesions  are  manifested. 


ACUTE  LOBAB  FNEITUOHIA  AITD  OTHEA  INFECTIOUS  DISEASES 
INDUCED  BT  THE  UICBOCOCOUS  I.AHCEOLATUS  (Diplococcux 
Pneumonife). 

Micrococcus  lanceolatus  is  frequently  spoken  of  as  the  "  pneumocoecus 
of  Frankel, "  because  its  significance  and  life  Iiistoiy  iu  connection  with 

I  Kruse's  article  on  "The  Bacilli"  in  Fluggts  "Mikroorga- 


Dijiiiztdb,  Google 


214  THE   INFECTIOUS   DISEASES. 

acute  lobar  pnenmoiiia  were  first  di'moiistmtvd  by  him. '     It  is  commouly 
called  simply  the  "  piieumococcus. " 

Characters  of  the  Uicrococcue  Lanceolatus. 

During  their  (icvolopinent  thpsu  gwmsare  diatiactly  splii-Toiilal ;  but  in  llioir  ma- 
ture condition  tliey  nrc  apt  lo  become  sliglitly  clocgateil  or  oval  and  are  often  a  little 
broadei'  nt  one  end  tiiun  at  llio  otiier,  assuming  a  lanceolate  form.  Tbey  are  very  apt 
to  occur  in  pairs,  and  frequently  are  seen  in  short  clmins.  rarely  in  long  chains.  Very 
frequently,  wlien  growing  in  the  living  animaU,  the  pnoiimococcuB  is  surroundiid  by 
a  distinct,  homogeneous  capsule  of  varying  thickness  (see  tig,  100).  This  capsule  does 
nut,  aa  a  rule,  develop  in  artillcial  cultures.    The  coccus  itself  is  rca<li1y  stained  by  the 


no.  100.— Micrococcus  Lakckolatits  (Pnemnococcus).    Stowing  capsules. 

anillu  dyes  and  retains  tlie  stain  by  Gram's  metliod;  tjie  capsule  is  not  easily  demon- 
strated except  by  special  atiiining  mi-thods. 

The  pncumococciis  lias  no  siHintuneous  movement  and  grows  hut  feebly  at  ordinary 
room  temperature.  It  grows  much  better  at  blood  heat,  forming  on  thesnrfaccof  hhii>d- 
senim  or  on  very  slightly  alkaline  glycerin-^gar  plates  faint  grayish,  dcwdrop-IIke, 
incouspietiouscolonles.  somewhat  similar  to  thi>se  of  Streploroceus  pyogenes,  but  ufiu- 
ally  more  delicate.  Id  bet-f  tea  it  forms  at  body  temperature  a  faint  whitlsli  sediment 
wiih  slight  lurbidily  of  the  fluid.  As  a  rule,  ilic  cultures  arc  prone  to  lose  soon  their 
virulence  and  to  die  off  early,  but  the  virulence  may  be  mainliiincd  by  successive  Inocu- 
lations iu  the  rabbit.  The  organism  niay  remain  alive  for  a  lung  time  dried  in  the  spu- 
tum, in  one  set  of  experiments  for  more  tlinn  seventy  days. 

The  sernm  of  persons  suffering  from  acute  lobar  pneumonia,  as  well  as  the  scrum  of 
lower  animuls  arliticially  immunized  lo  (lie  Micrococcus  lauceolatus.  Induces  agglutina- 
tion of  the  organism  in  broth  cullures.     Wadsworlh  has  I'ecently  sliown  that  b3'  Ihe 

'Itw 
some  years  he  for 
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use  of  centrifugEted  cultures  of  Itie  oi'gaiiism.  tlje  rvactiou  of  agglutinatioD  can  be  ob- 
tained ia  DiURb  greater  dilution  tbttn  by  the  usual  inctliwl. ' 

CuIturcD  wbieli  have  been  reduced  in  virulence,  so  aa  not  lo  cause  eaily  ticatli  by 
septicaemia,  may.  when  introduced  into  Ihc  traciiea  of  rabbits,  induce  circumscribed 
pneumonic  Icsiuns,  especially  if  tliesc  animals  ai'c  niadi:  vulnerable  by  cold  or  hy  other 
agencies  which  Impair  the  integrity  of  the  blood  or  other  tissues.  Wodswurth  has 
shown  that  by  partially  immunizing  mbbits  to  Ibe  pncumococcus,  so  Ibut  they  do  not 
speedily  die  from  septicaemia,  and  then  introducing  the  virulent  organism  into  the  lungs 
tliTough  the  trHchca.  difFusc  pneumonic  lesions  comparable  to  the  lobar  pneumonias  of 
man  may  be  induced.'    DiSerent  animal  species  vary  iu  vulnerability  to  Ihe  pncu- 


TLis  germ  is  the  exclusivfi  inciter  of  typical  acute  lobar  pneumonia  in 
man.  It  appears  to  act,  in  part  at  least,  by  tbe  development  of  an  albu- 
uiiuous  poison  which  has  been  tentatively  called  pneitmofoxin.'  It  would 
seem  to  be  the  pnenmotoxiu  which  induces  the  symptoms  in  acnie  lobar 
pneumonia  indicative  of  systemic  poisoning. 

For  a  more  detailed  description  of  these  lesions  of  pneumonia,  and  an 
account  of  other  bacteria  which  may  be  present,  sec  p.  489. 

In  addition  to  its  more  eommou  effect  in  inducing  lobar  pneumonia, 
the  pneumocoeciisia  frequently  the  excitant  of  exudative  inflammation  in 
other  parts  of  the  body,  either  in  connection  with  or  without  a  primary 
lobar  pneumonia.  Thus  it  has  been  repeatedly  found  iu  pleuritis,  otitis, 
meningitis,  empyema,  pericarditis,  endocarditis,  and  in  peritonitis.  It 
has  also  been  found  in  abscesses  of  the  viscera  and  in  exudative  inflam- 
mation of  the  joints.  It  may  induce  pseudomembranous  inflammation 
of  the  mucous  membranes.'  Leucocytosis  usually  accompanies  infection 
with  the  pneumococcus. 

It  is  a  frequent  inhabitant  of  the  mouth,  even  in  health.  It  has 
been  found  in  the  mouths  of  about  twenty  per  cent  of  healthy  i)ersons 
examined.  It  is  thrown  off  iu  the  sputum  in  lobar  pneumonia,  and  no 
doubt  from  these  sources  in  the  dried  condition,  as  dust,  fiiruislies  the 
infectious  agent  which  iu  favoring  conditions  of  the  body  lights  up  the 
iuflammatory  process  in  the  lungs." 

For  staining  the  pneumococcus  with  its  capsule  the  following  method  of  Hiss '  gives 
the  best  results.  Mix  the  exudate  or  culture  containing  the  orgimism  on  the  cover- 
glass  with  a  drop  of  blood-scrum  spread  thin,  dry  and  11\  by  beat.  Add  a  few  dnips 
of  tbe  following  stain;  Five  or  ten  per  cent  solution  of  gentian  violet  (5  c.c.  saturated 
alcoholic  solution  of  gentian  violet,  plus 65  c.c.  distilled  water).   Heat  gently  until  steam 

'  For  details  of  this  metliod  see ll'orfmroJ'W,  Journal  of  Medical  Research,  vol.  x..  p. 
228. 

'  Bee  references  to  experimental  pneumonia,  p.  500. 

'The  observations  of  the  Klemperera  and  others  suggest  the  possibility  that  at  a 
certain  period  of  Ihe  disease  the  blood  or  body  juices  ai'c  capable  of  developing  a  sub- 
stance antidotal  to  tliis  pneumotoxin,  the  potency  of  the  former  being  signalizi'd  by  the 
so-calltd  "crisis."  Satisfactory  applications  of  this  alleged  "pneumonia  antitoxin"  in 
tberapeuticfl  have  not  yet  been  made. 

'See  Ciii-fyand  Lyon.  Trans.  Assn.  Amer,  Phys.,  vol.  xvi.,  p.  879,  Bibl. 

'  Ollaletighi.  Centralbl.  f,  Baktcriologie.  Ablh,  I,,  Bd.  xxv.,  p.  120.1899.  For  a  full 
resume  of  the  studies  on  the  Diplococcus  pneumouiie  sec  Weie/udbaum  In  Kolle  and 


1903.  p.  367. 
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rlsed.     Wash  off  the  stain  vcitli  a  twenty -percent  aolution  of  cupric  aulphate.     Dry  Bnd 
moiiut  ID  balsam. 

If  tlie  material  containing  the  organisms  already  contain  serum,  the  preliminary 
mixing  with  tliis  is  unnecessary.  Pneumococci  in  sputum  which  witiiout  the  addition 
of  scntm  are  often  stained,  n-ith  it  not  infrequently  give  better  results. 

The  melhCHl  of  Welch '  gives  good  results,  but  annoying  precipitates  often  form. 
After  drying  and  Q x in g  tlic  specimen  upon  thecover-ghissin  tlieusualway.lt  is  treated 
with  glacial  acetic  acid,  which  is  at  once  drained  olf  an<I  replaced  by  anllin-gentiau- 
violet  solution  (p.  168),  this  being  draine<l  off  and  renewed  several  limes  until  the  acetic 
acid  Is  displaced.  The  specimen  Is  now  washed  with  a  two-per-cent  solution  of  sodium 
clilorid,  in  which  it  may  be  covered  and  studied.  The  pneum'hjoccus  may  be  stained 
in  sections  by  Weigevt's  modification  of  Gram's  method  with  preliminary  contrast  stain 
<seG  p.  154).     By  this  method  the  flbrin  in  pneumonic  exudate  is  also  stained. 

GONOBSHCEA  AND  OTHER  INFLAMUATOAT  LESIONS  INDUCED  BY 
THE  MICROCOOCtIS  OONO&BHtEX  (OOHOCOCCUS). 

The  Microcoretis  ffonorrhww  (gouococcus)  is  most  coinmouly  found  in 
tlie  exudate  of  gouorrhosal  iutlammatiou  of  the  mncons  niembranes,  es- 
pecially of  the  urethra.  It  may  be  free  or  enclosed  iu  leucocytes  or 
other  cells  (Fig.  101),  within  or  betweeu  the  epithelial  cells.  Tlie  organ- 
ism may  be  distributed  from  the  seat  of  primarj'  Je-siou,  giving  rise  to 
gouorrtaceal  arthritis,  to  malignant  endocarditis,  to  exudative  inflamma- 
tion of  the  pleura,  and  to  inflammatory  processes  in  other  i)artsof  the 
body.' 

The  gonoct)ccus  may  in  tlie  primary  as  well  as  in  the  secondary  lesions 
be  associated  with  the  "pyogenic  cocci,"  the  colon  bacilli,  or  other  micro- 
oi^anisms.  These  associations  have  been  observed  in  cases  of  pyeemia 
following  gonococcal  infection.  The  gonococcus  is  usually  mast  abun- 
dant in  the  urethra  during  the  acute  stage  of  the  inflammation.  But 
long  after  the  organisms  have  disap- 

,  pesired  from  the  urethral  dischai^e 

,;-'      I       /''     "  .'  they  may  be  present  in  small  num- 

''.. ",' '       I  ,;.     .„         bers  in  the  deeper  portions  of  the  ure- 

/^       -V  ^.  _    '^\''.;'''        thra  or   in   the    pro-static   secretions 

/     '   t'_^-'J     .  _'.-'i  ._  whence  under  favoring  conditions  a 

\ -i    V.*'*  ■  k. ..    •  fresh   infection   may  arise.      In    the 

^  ■*'       '      ■"    .'.'  '  female  the  inflammation,  through  the 

\      ■■ '.  -'       '"  ■-• '        tmnsportation  of  the  gouococci,  may 

y."  -*':;  ^^ '■  /     ■.  •■         extend  to  the  vagina  and  uterus  and 

i    ,    *, .  '-.I*'.'  into  the  Fallopian  tubes.     The  germs 

"-   *  '  Vix.  jjj.^y  pjifpj.  n,(,  peritoneum,  inducing 

exudative  inflammation.    IlyperpUi^ia 
and  suppuration  of  lymph  nodes  near 
the  inflanimator\'  region  may  occur. 
Gonorrhceal  conjunctivitis  is  similar  in  origin  and  character  to  the  in- 
flammation of  the  urethra. 

■  Wdeh,  Johns  Hopkins  Ilospiial  Bulletin,  vol.  iil.,  p.  1S8,  1893. 

'Consult,  fur  cases  and  bibliography,  I'ou  1117,  "Welch  Anniversary  Contributions 
to  the  Science  of  Medicine,"  p.  6TT,  IHOO;  also,  Elting,  Albany  Medical  Annals,  March, 
1000.  Bibl. 
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Ghu«ctera  of  tlie  Oonococcua. 

Tlie  gonococcuB  Is  apt  to  octur  In  pairs,  tilt'  apposed  sides  beiDg  more  or  less  dia- 
tinrtly  flattened  (Fig.  10",!).  It  nlniiis  n-aditr  wltli  tbi-  uiiilin  dyes,  and  differs  from  must 
known  cocci  whicli  mighl  be  mistaken  for  it  in  lliat  it  h  deroloriz.ixl  by  the  iixliii  solu 
tloD  in  the  Gram  metliod  iif  sluining.  It  in  well  afti-r  tlie  dceiiliirizaliuD  by  tbis 
metliod,  and  Ifefori'  moimting  in  balsnro.  In  inalie  a  cDDirast  stain  with  a  [liltiie  aitiieoiia 
solution  of  Bismarck  bniwn.  Thou  tlic  jconocoeci  will  Ix;  iif  ligbt-brown  i-olor.  while 
most  other  germs  will  retain  the  violet  rnlor. 

The  giinoeoctus  does  not  grow  at  ordinary  room  leniperaturcB  nor  on  the  ordinary 
solid  or  fluid  culture  media.     It  may,  however,  be  cultivaleil  at  the  teniperatiin'  ot  the 
body  on  htiman  blood  serum  or  on  a  combination  of  tliis  with  agar,    tleiman  has  found 
that  it  grows  readily  on  the  clear  exudate  or  transudate 
from  the  pleural  cavities  in  man  when  this  in  mixed  «•*%  •*% 

with  peptoni7<-d  agar.'  J*i**^Ott 

In  this  "chcsiserum  agar"  the  Kurface  growth  of  •   'i*'^*** 

the  gonncoeeus  is  in  the  form  of  small  circular,  sharp-  *ii'i%'*^^ 

eilgcd,    slightly     raisi'd,    nearly    transparent    colonii'S.  •••* 

coarsely  mottled  in  the  central  portion,  finely  granular 

toward  the  borders.  The  life  of  the  colonies  under  arti-  Fro.  liK.-MirRoomcrs  gonos- 
(leial  culture  Is  abort,  but  by  fre(|uent  transference  to  bhie*.  (tiONwotiisi. 

fri'Sh  media  it  may  be  maintained  indeflnitely  and  grad-  '^°'  '""i"^- 

ua I ly  adapts  itself  to  the  arlilicial   environment.     It  is 

probable  that  the  organism  has  no  natural  habitat  outside  tbe  bodies  of  human  beings. 
The  lower  animals  are  not.  as  a  rule,  susceptible  to  inoculations  of  the  mucous  mem- 
branes with  the  gonococcus.  but  suppurative  iuflanimalion  has  b<'en  induced  in  mice 
and  guinea-pigs  by  intraperitoneal  tnje<tions. 

Inoculations  of  i>ure  cultnre»  of  the  gonococ^'us  upon  the  urethral 
mucous  membranes  of  niau  have  been  reiieatedly  made  and  were  fol- 
lowed by  A  characteristic  catarrhal  inflammation.  Thus  the  evidence  is 
complete  that  the  gonococcus  is  an  excitant  of  the  inflammation  with 
which  it  is  so  coiistautly  associated.  But  in  what  measure  this  germ,  iu 
what  measure  others  are  responsible  for  the  complicating  inflammations 
when  both  germs  occur  together,  is  yet  to  be  determined. 

Inasmuch  as  one  or  more  forma  of  cocci  and  diplococci  occurring  iu 
the  normal  and  in  the  inflamed  nrcthra  are  morphologically  similar  to 
the  gotiococctis,  great  caution  shotild  be  exercised  iu  doubtful  cases  iu 
deciding  upon  the  nature  of  suspicious  micro-organisms  in  urethral  dis- 
charges or  other  exudates.  But  the  pronounced  teudency  of  the  gouo- 
coccus  to  gather  within  cells ;  the  sometimes  conspicuous  but  often  ill- 
defined  flattening  of  the  apposed  sides  of  the  gouococci ;  the  decolorization 
by  Gram's  method,  which  leaves  most  other  germs  apt  to  be  associated 
with  the  gonococcus  still  stained,  and  wheneier  practicable  the  artificial 
culture  characters — these  all  sboitld  be  considered  in  the  summary  of 
evidence,  * 

'  Beimnn.  Medical  Record,  June  22d,  1895,  bib!. 

'  Voa  Uibler.  Centralbl.  f.  Bakterio logic,  etc..  Bd.  xiu,.  p,  180,  1896.  For  sum- 
mary of  studies  on  the  gonococcus  with  bililiography  consult  A'eiiiter  and  W.  ixhoiiz  in 
Eolfc  and  Wassermann's  "  Ilandbuch  der  Mikroorganismen."  Bd.  ii..  p.  148. 

A  comprehensive  bibliography  may  be  found  iu  au  article  by  Siting,  Albany 
Uedlcal  Annals,  March.  1900. 
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ACUTE  CEREBBO-SPINAL  HENnrOITIS. 

This  is  an  acute  infectious  disease  of  which  the  characteristic  lesion 
is  an  exudative  iiidammatiou  of  the  pia  mater  of  the  braiu  and  eord. 

As  a  rule  the  inflaounation  of  the  pis  mater  results  in  a  large  pro- 
duction of  serum,  fibrin,  and  pus,  whicli  infiltrate  the  pia  mater  and  ac- 
cumulate in  the  ventricles,  so  that  the  gross  appearance  of  the  brain  is 
characteristic.  The  exudation  is  especially  abundant  at  the  base  of  the 
braiu  and  over  the  posterior  surfaces  of  the  cord.  In  children  the  dis- 
tention of  the  lateral  ventricles  with  purulent  serum  may  be  a  marked 
feature,  while  in  adults  the  quantity  of  serum  is  apt  to  be  small. ' 

WTiile  the  above  are  the  characteristic  lesions  of  this  disease,  there 
are  a  number  of  secondary  or  associated  septiciemic  or  toxiemic  lesions 
in  diflferent  parts  of  the  body.  There  may  be  subserous  punctate  htem- 
orrhages  in  tlie  endocardium ;  petechiie  In  the  skin ;  hyaliu  and  granular 
degeneration  in  the  voluntary  striated  muscle;  oceasional  multiple  ab- 
scesses in  various  parts  of  the  body ;  suppurative  inflammation  of  the 
joints;  albuminous  degeneration  of  the  heart,  liver,  and  kidneys;  and 
hyperplasia  of  the  gastrointestinal  lymphatic  apparatus  and  of  the 
spleen. 

Cerebro- spinal  meningitis  may  occur  by  itself  or  in  connection  with 
some  other  acute  Infectious  disease,  such  as  acute  lobar  pueumouia, 
mycotic  uleei-ative  endocarditis,  pyiemia,  multiple  suppurative  arthritis, 
otitis  media,  puerperal  fever,  typhoid  fever,  etc. 

It  may  be  epidemic,  the  lesions,  however,  being  essentially  similar  to 
those  iu  the  sporadic  form. 

Bacterial  EKcitants. — In  sporadic  cerebro-sptnai  meningitis  the  strepto- 
coccus and  staphylococcus  pyogenes,  micrococcus  lanceolatus,'  the  in- 
fluenza bacillus,  the  typhoid  bacillus,  and  the  gonocoecus  have  been 
repeatedly  found  in  the  exudate.     Other  bacteria  ha\e  been  described. 

In  epidemic  cerebrospinal  meningitis,  a  micro-organism  has  been  re- 
peatedly found,  called  by  Weichselbaum  the  IHjtlococeua  intraeeUularia 
maiingilidis,  which  is  cleai'Iy  one  of  the  chief  if  not  the  sole  inciting  factor 
in  the  disease.  It  is  found  iu  the  purulent  exudate  of  the  meninges  in 
large  numbers,  and  is  usually  within  the  leucocytes  or  pus  cells. ' 

Cliaract«r8  of  Diplococcus  IntracallulariB  HeninKitidiB. 

It  is  an  oval  dip1oc<iccus  not  staining  by  GrnQi'R  mi'thod.  Its  growth  on  artiflnal 
media  is  meagre.  It  forms  small  transparent  coloniea  on  glycerin -agar  at  87"  C.  wliich 
soon  die  out  ivitliout  fn'tinent  transplanting  to  fresh  media.  It  does  not  grow  at  room 
temperature.  Animal  experiments  are  on  the  whole  confirmatory  of  the  belief  in  its 
paihogenie  activity. 

■  For  furtiier  details  of  the  lesions  In  exudative  meninigitia  see  Nervous  System. 

'  For  bibliograpiiy  of  paeuniococcus  meningitis  sec  article  by  Wetdigetbaam  in  Kolle 
and  Wasscnnaun's  "Handbudi  der  Mikrourganismen,"  Bd.  ii..  p.  256. 

'  For  a  study  of  cKcurrencc  of  D.  intraecitularis  meningitidis  in  the  nose  see  Lord, 
Ceutralbl.  f.  Baktcrioiogie,  AUtli.  I.,  DA.  xxiv.,  1903,  p.  641. 
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This  organism  cloaely  resembles  the  gouococeus  in  morphology  and 
considerably  so  in  culture,  and  they  are  evidently  closely  related," 


aLANDBBB. 

Glanders  is  an  infections  disease  incited  by  the  presence  and  growth 
in  the  body  of  the  Bacillus  mallei. 

It  is  most  common  in  the  hoi'se,  affecting  the  mucous  membrane  of 
the  nose  (when  involving  the  skin  the  disease  has  been  called /ffroy),  and 
can  l>e  communicated  to  man  and  to  certain  other  of  the  domestic  ani- 
mals by  direct  or  accidental  inoculations. 

The  disease  in  man  is  most  frequent  in  those  who  come  much  into 
direct  contact  with  horses.  The  seat  of  primary  local  infection  is  most 
often  the  skin,  more  rarely  the  mucous  membranes  about  the  nose  and 
month. 

The  local  lesions  are  similar  in  man  and  the  lower  animals.  In  the 
presence  of  the  Bacillus  mallei  there  is  usually  a  circumscribed  or  more 
rarely  a  diffuse  infiltration  of  the  tissue  with  leucocytes  and  young  con- 
nective-tissue cells.  These  whitish  foci  of  cell  accumulation  may  be 
small  and  to  the  naked  eye  resemble  miliary  tubercles;  or,  they  may  be 
larger  and  nodular.  The  tissues  about  them  may  be  infiltrated  witb 
blood.  But  the  accumulated  cells  arc  apt  in  the  presence  of  the  bacilli 
to  become  necrotic  and  disiutegrate  and  thus  lead  to  smaller  and  larger 
absce.'«ea,  or,  if  near  the  surfaces,  to  ulcers.  If  they  occur  on  mucous 
membranes  these  lesions  are  often  accompanied  by  intense  diffuse  catar- 
rhal inflammatiou. 

As  the  glanders  nodules  soften,  the  bacilli  are  apt  to  diminish  in 
number  or  in  the  capacity  to  stain,  so  that  it  may  be  possible  to  detect 
their  presence  only  by  inoculation  or  culture  methods. 

The  di,sease  may  begin  at  a  single  point,  so  that  it  may  be  mistaken 
for  a  carbuncle  or  gangrenous  erysipelas.  But  the  infection  is  apt  not 
to  remain  local ;  the  bacilli,  finding  their  way  along  the  lymjih  channels 
into  various  parts  of  the  body,  set  up  fresh  foci  of  inflummatiou  and 
necrosis.  Then  the  skin  may  be  co\ered  with  a  pustular  eruption; 
furuncles,  carbuncles,  and  ab,scesses  may  form  beneath  the  skin  and  in 
the  muscles.  Nodules  are  found  in  the  nasal  mucous  membrane,  the 
lungs,  kidneys,  testes,  spleen,  and  liver.  The  joints  may  be  infianied, 
and  there  may  be  osteomyelitis:  Leucocytosis  may  accompany  infectiou 
with  tlie  B.  mallei. 

The  glanders  infection  may,  however,  pursue  a  more  <'hrouic  course, 
with  hard,  persistent  nodules  and  sluggish  ulcers.  Under  these  condi- 
tions the  detection  of  the  bacillus  in  the  tissue  by  a  simple  morphologi- 
cal examination  may  be  diCBcult. 

'  For  a  study  of  cases,  wilh  blbliograpliy,  consult  Fleiner  and  liarkfr,  American 
Joumat  of  tbe  Medical  Sciences,  vol.  evil.,  pp.  15S  and  259,  1894;  also  Co'incilmuu. 
JiaUory.  and  Wright,  "Special  Keport  of  tlie  Siale  Board  of  Ilealtli  of  Massacliiist'tts." 
1898,  For  agglutiDativu  reaction  see  Jamer,  Zeitscli.  f.  Hygieiie  u.  lufkr,.  IJd.  xliv.. 
1903,  p.  325. 
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MTiile  some  forms  of  glauders  nodules  somewhat  resemble  iii  gross 
and  microscopic  appearance  certain  forms  of  miliary  tubercles,  the  ab- 
seuce  iu  the  former  of  coagiilatiou  uecro»is  aud  of  giant  cells,  aod  the 
tendency  to  rapid  disintegration  and  softening  in  the  latter  will  usnally 
suffice  for  the  distinction  between  the  two  sets  of  lesions.  But  the 
demonstration  of  the  baeilli  characteristic  of  each  is  iu  all  cases  decisive. 

Cbaracter*  of  the  Bacillns  Hallei 

The  Bacillus  mallei  is  a  slcuder  bacillus  proportionately  thicker  thso  the  tubercle 
bacillu!!,  nith  roundel  ends,  oci;urriDg  singly  or  in  pairs  (Pig.  108).  It  stains  easily 
with  llie  nnilin  dyes,  but  readily  kitps  up  the  color  in  prescDce  of  even  feeble  decoloriz- 
ing agents  such  aa  dilute  alcohol  or  acids.  It  is  left  decolorized  by 
Qram's  method.  When  stained,  uncolored  areas  are  apt  to  remain 
io  the  body  of  the  germ.  Whether  tliese  are  spores  or  not  is  not 
yet  dfflnitely  determiiieil. 

In  tlie  tissues  the  buciili  may  be  stained  with  LOffler's  alkaline 
methylene  blue. 

The  glanders  bacillus  grows  readily  on  almost  all  of  the  ordi- 
nary artificial  culture  media,  and  best  at  blood  heat.  The  growths 
on  solid  media  are  apt  to  bo  viscid.  On  potatoes  it  forms  in  two 
or  three  days  an  abundant  yellowish  pellicle  which  in  a  few  days  darkens  and  Anally 
becomes  brown  in  color.  It  gradually  loses  its  virulence  In  successive  generations  of 
artificial  cultures.  The  germ  is  easily  killed  by  moist  heat,  but  may  remain  alive  in 
ft  dried  state  for  months.  Field  mice  and  guinea-pigs  are  very  sust^ptible  to  infection 
with  the  Bacillus  mallei,  and  after  Inocuhilion  develop  highly  characteristic  local  and 
general  lesions. 

In  cases  in  which  an  early  diagnosis  is  impc^rative  it  is  well,  in  addition  to  the  mor- 
phological examination  and  cultures  of  (he  suspected  exudate,  to  inject  a  small  amount 
Into  the  peritoneal  cavity  of  a  male  guinea-pig.  If  the  virulent  glanders  bacilli  be 
present,  within  two  or  three  days  the  testicles  will  swell  and  develop  an  intense  sup- 
punitive  inllammation. 

As  the  glanders  bacillus  grows  in  nutrient  broth  a  proteid  sul'stance — or  substances 
— develops,  which  when  concentrated  by  evaporation  of  the  broth  is  called  mi'lUtn. 
This  BulHitance  prepared  and  administered  to  horses  suffering  from  glanders,  as  tubet- 
culjn  is  prepared  and  administered  to  tuberculous  cattle  (see  page  22S).  gives  a  similar 
temperature  iea<'tton,  aud  is  thus  an  important  diagnostic  agent.' 

Other  Bacilli  Belated  to  Bacillua  Hatlsl. 

Several  bacilli,  apparently  related  to  the  B.  mallei,  have  been  found  in  various 
lesions  in  men  and  lower  animals.  Thus  an  organism  called  liiifiUuii  pneudotiilien-nloiiit 
has  been  found  in  certain  nodular  lesions  somewhat  resembling  tubercles  which  are 
especially  frequent  in  rodents.  S.  ifcirlolnbeivulim''  liqiirfiicieiui  has  l>een  described  in 
a  series  of  cheesy  nodules  of  the  peritoneum,  pancreas,  and  liver  In  man.  In  this  group 
also  belong  organisms  which  have  been  found  lu'Doma, 

Chancroid. 

In  the  lesion  oi  " mft  elmnere"  {c\Wi<iro\A)  anA  the  discharge  from  It  a  small  oval 
bacillua  ("Ducrey's  bacillun  ")  has  been  frequently  foimd  either  clustered  orin  chaina 
It  stains  icadily  with  methylene  blue,  although  it  easily  loses  the  color.  It  usually 
occurs  with  other  micro -organisms,  aud  has  been  foimd,  though  not  usually,  iu  tlic 
buboes,  often  occurring  with  the  sore.     It  has  been  obtained  in  pure  culture,  in  rabbit 
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blood  agar  and  tn  Iiuman  bloml,  and  iii[>culBtion  expcrimeutB  in  man  and  in  monkeys 
indicate  Ita  pstbogcnicity.' 

AKTHBAZ.    (Splanic  T«T«r;   Malignant  Pustule;  Oharbon;  OarbuncU.) 

This  disease,  which  is  much  more  commou  io  the  lower  animals, 
especially  the  herbivora,  than  in  man,  is  widely  prevalent  in  Europe. 
It  is  comparatively  rare  in  the  United  States,  but  in  certain  regious  is 
more  common  than  formerly. 

It  is  induced  in  man  by  accidental  iuoculation  with  the  Bacillus  an- 
thracis,  whiofa  also  incites  tbc  disease  iu  the  lower  auimala     Inoculation 


FlO.UH.— llNTIIRAX—MALiaNANT  PrtTDLE-Or  THE  HKIN. 

Fnim  a  tnsn  who  ha<l  hcvn  binillltut  lortlSD  hUln  In  New  Yurie.    Bsollll  Klaltied. 

may  occur  throu(;h  the  skin  by  tbe  apcncy  of  flics  an<l  other  insects 
which  have  l)ceii  fee«Iing  on  animals  infwted  with  this  dimiise,  through 
abra»«ion.s  or  slit^bt  wounds  on  the  hands  of  thot^e  handliu;;  their  carciutses 
or  bides,  or  in  other  ways.  Followinj;  this  skin  inoculation  a  pustule  is 
apt  to  develop — "  malignant  pustule  " — and  varying  phsises  of  an  acute 
exudative  inflammation,  which  may  l>e  btcmorrhagic,  sero- fibrinous, 
purulent,  or  necrotic,  accompany  tbe  local  proliferalion  of  (he  genns 
(Fig.  104).  Anthrax  t>acilli  in  lai^  uumbei-s  may  be  present  in  the  local 
lesion.  From  tbis  local  souii-e  a  general  infection  may  ensue.  General 
infection  may  occur  without  evident  external  lesion. 

Infection  with  anthrax  may  occur  thnnigh  tbe  lungs,  most  often 
among  those  wbo  handle  infci-ted  wool  or  hides,  the  dust  from  which  is 
inhaled  ("w(K)l-sorter's  disciise").  L'nder  these  eouditions  there  may 
be  oedema,  lobular  pneumonia  with  involvement  of  the  pleura,  media- 
fitiuum,  and  other  adjacent  structures.  Infection  through  the  gjustii>- 
intestinal  canal  takes  place  by  the  ingestion  of  food  containing  anthnix 
spores,  and  is  apt  to  lie  accumpanicd  with  inflainniutory  and  necrotic 
changes,  which  are  described  in  detail  among  lesions  of  the  intestine. 

When  general  anthrax  infection  occurs  the  post-mortem  api>earances 
vary.  Decomposition,  as  in  other  acute  infwtions,  generallysetsinearly. 
The  blood  is  fi-eciuently  nut  much  coagulated  and  dark  in  color.  Ilieni- 
orrhages  and  ecchymoses  are  frequently  found  in  the  serous  and  mucous 
membranes  and  in  various  other  parts  of  the  iKMly. 

'  Soc  DueU,  ■Joiinial  of  Mwlitul  H.-'-curclj.  vol.  ix..  1»U3,  p.  401,  bibl, 
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The  lungs  may  show  small  hEeniorrhiiges  and  oedema,  and  the  bronchi 
may  be  deeply  congested.  The  pleiinil  cavities  may  contain  serum. 
The  iutestiues  may  exhibit  the  lesions  of  the  so-called  intestinal  mycosis. 


FiQ.  ice.— Bici LLCS  AXTURA<ri!>  Groitinu  is  the  BL0Oi>-VKasKLS  or  THE  Liver  of  a  House  iNOcr- 

LlTFOl   WITH   A  PI-RK  CrLTCHE  or  THE  BAflLLUH. 

The  bronchial  and  otlier  lymph-nodes  may  be  swollen.     The  spleen  may 
be  swollen,  verj'  dark  in  color,  and  soft,  sometimes  almost  diffluent 

Tile  bacillus  may  t>e  found,  usually  iu  lai-ge  numbers,  in  the  spleen 
and  iu  the  capillary  blood  vessels,  esi>ecially  iu  the  liver  (see  Fig.  106), 
lungs,  kidneys,  and  intestine' 

Choracten  of  the  Bacillus  Anthracis. 

Tiic  Bacillus  autliracis  is  from  5  lo  SO  /( long  Hnd  about  1  fi  broad,  capsulated.  and 
is  ofteu  unevtn  along  Ihc  sides,  Tlic  ends  of  tbe  bacilli  are  square  or  sliglitly  con. 
cave.  iLud  tbe  bacilli  ofteu  liatig  together  end  to  end,  TorniiDg  tlircadlike  structures 
(Fig.  100).  Wtiile  the  bacilli  iu  tiie  vegftaVivc  tonditiou  are  easily  killed,  they  de- 
velop spores  outside  of  tbe  bo<iy  only,  and  these  are  very  Invulnerable  to  the  action  of 
tbc  oitliiiary  germicidal  agents  and  to  heat,  rc^lsling  often  for  many  days  the  action  of 
from  two  to  Hvc-per-cent  carbolic  acid  aud  defying  for 
some  minutes  the  action  of  live  steam,  Antbrax  baeilli 
are  immobile,  sometimes  capsnlnted,  and  are  easily 
slaiiied  by  the  anilin  dyes.  They  grow  readily  on  arli- 
ficlnl  culture  media  ut  ordinarj'  room  temperatures,  fluid- 
ifying gelatin  and  usually  growing  out,  before  tliey  do 
so,  in  a  network  of  delicate  filaments  into  tlie  solid  nie- 

Subcutaneous  inoculation  of  cultures  of  the  anllirax 

l>a<:illus  into  various  species  of  animals  inducts  eliurac-  fig.  Ida.— Hai'il 

(eristic  lesions.     Whil«  mice  and  guinea-pigs  are  cspe-  Contaimni 

cially  Busccplible,  uxually  succumbing  to   the  anthrax  From  *  ruliure. 
si'ptictemia  in  from  two  lo  four  days.    Serous  exuda- 
tions, often  bloody  and  with  many  Imcilli,  develop  at  the  seat  of  inoculation,  while  iu  the 
blood  multitudes  of  the  baeilli  are  fimnd, 

■  For  b 

ikroorgtiiLisinen."  IW.  ii  ,  p.  1 
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If  cultures  of  iLc  antlimx  bacillus  tic  made  at  a  temperature  of  about  42''  C. 
growth  occurs,  but  it  ie  meagre.  Spores  are  not  formed  aa  they  are  at  body  tem- 
perature, anil  the  vinileooe  of  the  germ  dimiDishes  day  by  day,  so  tliat  at  Itist  the 
most  susceptible  animals  arc  not  affected  hy  large  iaoeulutioiis  of  tiie  living  organ- 
isms. If  fresh  cultures  of  these  organisms  be  Diade  in  various  stages  of  tiieir 
dimiuisbiag  virulence  aud  maintained  at  Iheir  optimum  temperature,  spores  will 
again  form,  the  growth  will  become  vigorous,  and  In  morphology  quite  character- 
istic; but  the  physiological  qualities  which  determine  virulence  will  remain  more 
or  less  in  abeyance. 

By  inoculation  of  animals  with  anthrax  cultures,  beginning  with  those  which  had 
been  maintained  at  42'  C.  for  from  fifteen  to  twenty  ilays,  and  thus  possessed  but  feeble 
Tirulence,  and  passing  lo  those  cullivated  at  42^  C.  for  a  shorter  time  and  which  were 
therefore  more  virulent,  Pasteur  was  able  to  secure  Immunity  from  anthrax  In  a  series 
of  the  lower  animals  (see  page  114).  Based  upon  these  experiments  a  method  of  pro- 
tective inoculation  has  been  pmetised  on  a  large  scale  among  sheep  and  other  animals 
in  some  parts  of  Europe  which  has  been  of  great  economic  value.  According  to  some 
authorities  the  death  rate  from  anthrax  has  under  these  preventive  inoculations  been 
iwiuccd  in  sheep  from  ten  per  cent  lo  ftbi>uL  nine-tenths  of  one  per  cent,  and  in  cattle 
from  five  per  cent  to  less  than  four-tenths  of  oue  per  cent. 

AOTIKOHTCOSIS. 

This  disease,  which  is  of  occasioDal  occurrence  in  man,  but  is  more 
common  in  the  domestic,  auimale,  especially  in  cattle  and  in  horses,  is 
most  frequently  characterii-^  by  a  slow  suppurative  and  proliferative 
process,  often  leading  to  the  formatiou  of  large  fungous  masscij  which 
may  become  calcareous. 

In  cattle  the  new-formed  tissue,  which  develops  with  esiiecial  fre- 
quency ill  the  jaw,  is  apt  to  extend  l>e.voiid  the  original  site  and  to 
slough,  so  that  not  only  may  the  tissues  of  the  toogue,  pharj'ux,  larynx, 
etc..  be  involved,  but  secondary  nodules  of  similar  character  may  form 
in  the  lungs,  gastrointestinal  tract,  and  skin. 

In  man  suppuration  with  necrosis  and  the  formation  of  abscesses, 
nlcers,  and  flstulse,  are  the  most  marked  lesions  in  parts  near  the  surface 
of  the  body.  In  the  lungs  the  lesions  may  be  essentially  those  of  an 
acute  general  bronchitis  or  in  the  form  of  broncho-pneumonia  (Fig. 
107),  with  the  formation  of  new  tissue.' 

Abscesses  aud  cavities  may  form  which  extend  into  adjacent  parts. 
In  intestinal  actinomycosis  nodular  masses  of  new  tissue  with  ulceration 
may  develop  in  the  mucosa  and  submucosa.  IMetastases  have  been  de- 
scribed. The  excitant  of  this  disease — now  most  commonly  called  Strep- 
tMrix  actiitomycea  or  Actinomyces  bovis — is  a  micro-organism  which 
seems  to  be  more  closely  related  to  the  moulds  than  to  the  bacteria.  It 
is,  however,  considered  here  because  its  botanical  position  is  not  yet 
clearly  established,  and  it  is  still  commonly  r^^arded  as  one  of  the  so- 
called  pleomorphous  or  "higher  bacteria"  (see  page  145). 

The  organism  often  grows  in  the  tissues  in  the  form  of  little  rounded 
masses  from  a  size  no  small  as  to  be  invisible  to  that  of  a  pin's  head. 
They  may  be  transparent  or  grayish-white  or  yellow  or  dark  iu  color. 

'For  a  detailed  description  of  the  lung  lesions  In  actinomycosis,  with  sencfEl  bib- 
liography, see  Ifodenp!/l,  "  Actinomyoais  of  the  Lung,"  New  York  Medical  Record,  De- 
cember 18th.  1890. 


Digitized  by  Google 


i^4  THE  INFECTIOUS  DISEASES. 

Uuder  the  microscope  these  masses  ofteu  appear  in  the  form  of  a  dense 
group  of  radiating  filaments  with  more  or  less  bulbous  ends;  hence  the 
common  name  "ray  fungus." 


tbe  burdera  at  Ibe  Milony.    Tlie  bmncliiiB.  lul  lungibwise,  cuiiUIni  purulent  exudate  and  iu  wall  Is  becomlog 
Involml.i 

Characters  of  Actinomyces. 

Tlie  orgauLsin  is  readily  cullivutoJ  ul  body  temppralure.  It  grows  id  delicate 
braDcliing  llireads  wliicli  lat«r  sliow  segnicnts  rcsemliliag  bacilli  and  cocci  be^des  bulb- 
ous or  club-Bliaped  forma,  probably  resultiug  from  degeneration  ("  Involution  fomiB  '). 
Siiccoi).sful  inoculations  of  cutturcB  liavc  been  niadu  iu  animals. 

Tlic  organism  is  usually  conveyed  from  one  animal  to  another  by  Inoculation  or  by 
conlaet  of  the  growth  with  a  wound  or  an  abrasion  of  the  mucous  membrane. ' 

In  tbe  cxainination  of  spulum,  fwccs,  puB,  etc.,  for  the  presence  of  actinomyces, 
the  naked-eye  appearances  maybe  of  value,  since  tlic  yellowish-white  granules  are  often 
quite  visible,  especially  on  a  black  background.  Suspicious  masses  may  be  teased  and 
Studied  unstained,  or  stained  liy  Gram's  mclliod.  Sections  of  tissue  may  lie  liardeued 
in  alcohol,  and  sections  stained  by  Uruin's  mctliud  with  contrast  ei>sin  stain. 

Other  Organisms  Resembling  Actinomyces. 

Many  forms  of  micro-organisms  of  similar  general  characlfrs  to  the  Strcptotlirix 
actinomyces  liave  been  describeii,  some  occurring  in  connection  with  infective  processes 
in  men  and  the  lower  animals  of  which  tbcy  seem  to  be  tlie  excitants,  others  living  as 
saprophytes  in  various  situations.  Among  Ihe  apparently  pathogenic  forms  wo  may 
ueutioD  the  following: 

titrtptathrix  Mudura  which  is  found  in  connection  with  a  disease  commonly  called 
mycetoma  or  "Madura  foot,"  frequoot  in  the  tropics  and  characterized  by  new  nodular 
growtlis  associated  with  suppuration  and  necrosis  most  often  affecting  the  foot.' 

'  For  recent  bibliography  of  actinomycosis  see  Seliltyel  in  Lubarsch  and  Ostertag's 

"Ergcbuissc,"  Jalirg,  5  for  IMfiM,  p.  403. 

'Consult  Wn's/'l,  Jouni.  Kxp.  Med,,  vol,  iii.,  p,  421.  Bib!, 
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Another  form  luis  been  titscribcd  in  eouuection  witli  a  peculiar  form  uf  tr)-si|iilii- 
tou9  iDflamnialion  of  tlie  skin ;  ouotliiT  iu  Ibi;  Bo-calhiS  fnrein  de  baiif,  a  disease  ot  cal- 
tlc  in  Guadeloupe. 

Si'veral  tinifs  orgauisms  of  ttiis  general  clianiclei',  but  differing  cousiderably  from 
S.  aclinoniyces.  liavc  bepu  found  in  inflammatory  and  necrotic  lesions  of  the  lungs, 
Wberlicr  Um-sc  are  variants  of  that  spwicB  or  inrteiK-'ndent  species,  aod  bow  many  sutU 
then;  arc  it  is  impossible  at  present  to  say.' 

Fbaryngo-lCycoaia  Leptothrica. 

Certain  filamentous  micro-organisms  called  [xpUithrir,  whose  botanical  allllialions 
are  not  yet  clear,  are  ot  codiuiod  occurrence  in  the  mouths  of  healtby  persons.  Occn- 
eionally.  h<)wever,  a  persistently  recurrent  attack  of  "sore  throat,"  with  local  teudemesa 
and  (toini-times  cougb  and  fever,  la  associated  with  the  growth  of  masses  of  leptolhrix 
in  the  crypts  of  tlie  tonsils,  at  the  base  of  tbe  tongue,  on  the  walls  of  the  pliarynx,  or 
In  tlie  nose  or  superior  portion  of  the  O'sophagus.  The  Icptothrix  masses  or  coioniea 
fomi  thick  whitish  pellicles  or  patches  which  may  be  superflcial,  or  in  tlie  tonsils  may 
<-xt('od  deep  into  the  crypts.  These  masses  are  usually  firmly  adherent,  often  leave 
bleeding  surfaces  nbcn  removed,  and  the  growth  is  apt  persistently  to  recur. 

Microscopic  examination  of  removed  portions  of  the  growlli  show  tufts  and  bua- 
dlea  ot  the  thread-like  micro-organisms,  growing  among  or  directly  out  from  flat  epi- 
thelial cell  masses  and  mingled  with  various  otber  forms  of  micro-organisms,  mostly 
cocci  and  short  tjacilli.  There  may  be  overgrowth  ot  epithelium  and  collections  of  leu- 
cocytes in  and  about  tbe  leptothrix  musses.  In  sections  of  the  tissue  or  in  teased  frag- 
ments treated  with  ioiiin  (Lugol's  w:>lution)  the  leptothrix  threaiis  are  readily  differen 
tiatcd  from  tbe  tissue  elements  and  from  otber  micro-organisms,  by  their  dark  color.* 

INIXTTENZA.    (Epidemic  Catarrhal  Fever ;  La  (Srippe.) 

This  is  an  iufectious  disease  cliaracterized  by  fever,  physical  and 
lueiital  prostratiou,  and  exudative  iiiflaminatioiis  iu  different  parts  of  the 
body.  Thus  there  may  be  exudative  iiiflaniuiation  iu  the  resi)iratorj-, 
digestive,  and  nen-ous  systems,  either  siiigiy  or  togetlier.  Sometiuies, 
liowevcr,  these  local  inflammations  may  be  abseut  when  the  disease  may 
l>e  marked  by  the  cbaractenstic  prostration  and  symptoms  of  toxiemia. 
Xone  of  the  iesioiiB  appear  to  be  chanwrteiistic.  The  lesion  of  the 
lungs  is  usually  of  the  broncbo-pneumonietyiH;  and  is  apt  to  involve  the 
interstitial  tissue.  Tbe  cut  surface  is  smootli,  the  exudate  soft  and 
contains  relatively  little  fibrin.  The  lung  i-esembles  that  of  "purulent 
infiltration." 

The  numerous  bacterial  studies  which  up  to  1892  had  l>een  made  on 
epidemic  influenza  had  failed  to  re\'eal  any  micro-oi^nism  which  could 
fairly  be  regarded  as  of  etiological  significance,  although  some  of  the 
complicating  inflammations  of  the  lungs  bad  been  shown  to  be  verj-  fre- 
quently associated  with  the  pyogenic  cocci — Staphylococcus  pyogenes 
and  Streptococcus  pyogenes  an*!  the  Diplococcus  pneumouio;. 

'  For  a  description  of  two  such  tasea,  with  a  selected  bibliography,  see  A'orris  and 
Larkiit,  Journal  of  Experimental  Medicine,  vol.  v.,  p.  loS,  1900. 

For  a  critical  summary  of  this  croup  of  organisms,  with  n  full  liibliograpby.  see 
monograph  by  [Mehiitr-f^iuloral.  "Ueber  Stralflenpilze."  Btrasbiirg.  1888;  see  nlsi> 
I'ttriim-hks,  Kolleand  Wasaeimann's  ''HaudbucbderMikroorgiiiiismt-n."Bil.  ii..  p.  833. 

For  full  treatment  and  bibiiograpby  consult  tbe  monogmph  on  '  Aktinomykose 
by  ik]iUgil\n  Kolleand  Wassermann's"  llandbucbderMikniorgnnisnicn,"lI<l.  11.,  p.  tifll: 
see  also  Mamr.  Pmrrf  and  Gwyn.  Trans.  Asan.  Am.  Pbya.,  »ol,  xvi.,  p.  208.  1901. 

'  I'or  further  details  and  bibliography  consult  t'aiiijibell.  Medical  Sews,  April  1th, 
896;  also  Ptaive,  Bull  Univ.  Fenn.,  vol.  xiv.,  1003,  p.  817. 
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Early  in  1892  Pfeiffer,  KJtasato,  and  Canon  described  the  occurrence 
in  the  bronchial  extidate  and  in  the  blood  of  indnenza  patients  of  a  very 
small  bacillus,  hitherto  unknown  or  possibly  noted  earlier  by  Babes. 
This  bacillus — B.  injtuemw—waa  sometimes  present  in  the  bronchial  exu- 
date in  enormous  numbers,  and  often  with  little  or  no  contamination 
with  other  germs.  It  was  found  at  the  seat  of  other  local  lesions,  and  the 
pus  cells  often  contained  many  bacilli.  In  the  blood  it  was  occasioDally 
present     It  has  been  found  to  persist  in  the  body  long  after  the  active 


Characters  of  the  Inflnessa  Bacillua. 

Tbeinfluenzabacilluastains  with  some  difficulty  with  the  simple  aDiliu  dyes;  but 
by  Ziclil'a  sohition  (page  247),  or  by  wanned  L&ffler's  methylene  blue  (ps^  154).  it  is 
readily  colored.  It  docs  cot  retain  the  stain  well  by  Gram's  method.  The  bacilli  are 
slender  and  short  (one  to  one  and  a  half  times  as  long  as  broad)  with  rounded  ends, 
sometimes  lie  singly,  sometimes  in  pairs  or  short  chaiae  or  heaps,  do  not  fonn  spores 
and  are  not  motile.    Tbe  organism  apparently  dies  after  a  few  hours'  drying  in  the  air 

This  bacillus  grows  best  at  body  temperature,  od  glycerln-agar  whose  surface  has 
been  smeared  with  blood — human,  rabbit,  or  pigeon.  It  forms  very  small,  scarcely  lia- 
ble dewdrop-hke  colonies,  which,  although  growing  close  together,  do  not  tend  to  coal- 
esce, as  many  micro-organisms  do.  It  does  not  grow  at  a  temperature  at  which  the 
nutrient  gelatin  remaina  aolid.  In  beef  tea  it  forma  a  scanty,  cloudy  growth.  It  has 
been  cultivated  through  several  generations,  but  usually  dies  soon.  Animal  inoculations 
have  given  diverse  and  not  very  marked  results.  The  earlier  observations  have  been  in 
general  confirmed  by  later  studies  of  others,  but  the  frequency  of  its  occurrence  in  tbe 
blood  has  been  questioned. 

The  evidence  that  the  oi^aulsm  described  above  is  the  excitant  of 
influenza  rests  largely  upon  its  apparently  constant  presence,  especially 
in  the  exudates.  Its  effects  in  the  body  are  most  commonly  induced 
through  its  toxins.  That  the  oj^anism  should  have  been  occasionally 
found  under  other  conditions'  does  not  at  all  militate  against  its  signifi- 
cance in  inciting  the  manifestations  of  influenza,  since  many  parallel  in- 
stances are  known  in  other  infectious  diseases.  The  frequent  discrep- 
ancy between  the  clinical  and  bacterial  diagnosis  in  influenza  is  largely 
due  to  its  varj-ing  and  often  obscure  clinical  manifestations  which  render 
possible  and  convenient  the  use  of  the  name  for  many  phases  of  catarrhal 
aud  other  forms  of  inflammation. 

Other  Organiama  of  the  Infinenza  Bacillus  Group. 

There  are  several  organisms  in  the  influenza  bacillus  group  which  considerably  re- 
semble it,  some  of  which  appear  to  be  pathogenic,  others  not  so.  Thus  several  ob- 
ijervers  have  found  in  exudates  from  various  sources,  but  especially  in  the  respiratory 
passages,  small  immobile  asporogenous  bacilli  growing  best  under  conditions  simitar 
to  those  favorable  to  the  influenza  germ,  the  colonies  being  similar.    They  arc  some- 

'  For  a,  full  resume  of  the  characters  of  the  influenza  bacillus  and  its  relation  to 
various  forms  of  the  disease,  with  bibliography,  see  tbe  articles  by  Rek  in  Kolle  aod 
Wassermann's  "Haiidbuch  der  Mikroorjjanismen."  Bd.  ii.,  p.  359. 

'See  I'urk,  "Bacteriology  in  Medicmeand  Surgery,"  p.  828. 
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what  larger  than  the  influenza  barillas,  aud  tcuU  to  form  ilireaUs.  This  OTgaoism  has 
been  called  the  pseudo-influenza  bacillus — B.  pmud«-ii>fiuema.  Its  pntliogenic  capaci- 
ties are  not  clear,  but  it  evidently  diflers  !□  this  respect  from  the  genuine  influenza  ba- 
cillus.    Id  stained  specimens  of  cxudale  the  pseudo-bacillus  may  be  mistaken  for  its 

Another  bacillus  of  this  group.  B.  conjiiiictintidU,  has  been  found  in  conjunctival 
catarrh  by  several  observers  in  various  countries. 


TYPHOID  FEVER, 

Typhoid  fever  ia  an  acute  infeetiotia  disease  iocited  by  the  Baaliua 
tffpkoms.  The  reactioa  of  the  body  to  this  bacillus  is  usually  maui- 
fested  by  characteristic  lesioDS,  especially  by  hyperplasia  and  necrosis 
in  the  lymphatic  structures  of  the  intestines  and  the  mesenteric  lymph 
nodes,  and  in  the  spleen,  as  well  as  by  the  more  general  alterations  inci- 
dent to  toxiemia  and  septiciemia;  bnt  the  infection  is  occasionally  of  the 
eepticfemic  type  without  characteristic  local  lesions  either  in  the  intes- 
tines, or  mesenteric  nodes,  or  other  viscera. 

The  Bacillus  of  Typhoid  Fetee. 

The  presence  of  a  bacillus,  called  Bacillus  typhosus,  in  varions  parts 
of  the  body  iu  typhoid  fever,  iu  a  considerable  proportion  of  the  cases 
examined,  has  been  well  established  by  a  large  number  of  observers. 
This  bacillus  does  not  occur  in  the  body,  so  far  as  is  known,  except  in 
connection  with  this  disease. 

Oharactera  of  the  BaciUna  Typhoana, 

The  typhoid  bacillus  is  usually  about  three  times  as  long  as  broad,  being  about  one' 

third  as  long  as  the  diameter  of  a  red  blood  cell.    It  is  rounded  at  the  ends,  motile, 

aerobic,  facultative  anaerobic,  and  asporogcnous.    It  grows  readily  at  room  tempera- 

_     ture  on  the  ordinary  media.    In  cultures  the  bacilli  often 

cling  together  end  to  end.  forming  lb  eada  (Fig   108). 

During  artificial  culture  in  nu  ncn  bo  a  po  sonous 
albuminoid  product  or  products  a  e  f o  med  nb  h  have 
been  named  lyphotarin.  Injection  of  snob  rabbit 
may  in  addition  to  general  toxic  sj  mpton  s  nduce  hyper- 
plasia of  the  iatestinal  lymph  nodes 

Inoculations  of  the  typhoid  bac  us  n  o  animals, 
FIG.  m-BACLio-i-s  Typhoses.  ^^j^jj^  ^^^  pn)duc)ng  a  disease  in  all  respects  like  that  in 
the  human  subject,  may  cause  death  with  symptoms  and  lesions  oa  closely  resembling 
those  in  man  as  we  are  often  able  to  produce  in  animal  e.\  peri  mentation.  Although 
flimilar  effects  may  be  induced  in  animals  by  Inoculation  with  other  germs,  the  evi- 
dence that  typhoid  fever  in  man  is  produced  by  the  typhoid  bacillus,  and  by  this  alone, 
ia  altogether  so  strong  as  practically  to  amount  to  a  demonstration. 

It  is  probable  that  the  more  characteristic  symptoms  and  lesions  of 
typhoid  fever  are  largely  due  to  the  absorption  of  toxic  substances  which 
are  produced  as  the  result  of  the  life  processes  of  the  bacteria  at  the 
point  of  their  greatest  accnmulation  and  activity.  It  should,  however, 
be  borne  in  mind  that  the  typhoid  bacillus,  as  is  the  case  with  many 
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otlier  bacteria,  may  induce  local  tbauges  by  means  of  its  proteid  coiislit- 
uents  which  are  set  free  as  the  oi^uisms  disintegrate  after  their  death 
ill  the  body.' 

Primary  Characteristic  Lesions. 

We  shall  first  consider  the  lesions  which  are  most  common  and  char- 
acterislic  of  typhoid  fever. 

The  Intettiues. — The  lesions  of  the  intestines  consist  of  an  inflamma- 
tory enlargement  (hyperplasia)  of  the  solitary  lymph-nodules  and  of  the 
agminuted  lymph-uodules  (Peyer'a  patches).  Keerosis  of  the  nodules 
with  ulcei-ation  frequently  follows  the  hyperplasia. 

The  process  api)ears  to  iHJgin  with  a  catarrhal  inflammation  of  the 
mucous  membrane,  accompanied  or  immediately  followed  by  changes  in 
the  lymph- nodules.  The  lesions  in  the  lymph-nodules  begin  early;  they 
have  l)een  observed  in  persons  who' have  died  forty-seven  hours  after  the 
commencement  of  the  disease.  The  increase  iu  size  of  the  agminated  and 
solitary  nodules  may  be  rapid  or  gradual.  The  nodules  may  be  only 
slightly  enlarged,  or  may  project  far  into  the  lumen  of  the  intestine. 
The  enlargement  is  usually  more  marked  iu  the  agminated  than  iu  the 
solitary  nodules.  Usually  the  whole  of  a  Peyer's  patch  is  eidarged,  but 
sometimes  nuly  a  part  of  it.  If  the  enlargement  be  gradual  the  diffei-eut 
nodules  which  make  up  a  Peyer's  patch  may  enlai^e,  while  the  septa 
between  them  remain  but  little  changed,  thus  giving  the  patch  an  nneveu 
appearance- 

The  patches  which  are  only  modei~ately  enlarged  are  of  reddish  or 


Fin.  lie.-  HvPKnpL*3n  ok  Pkvkb's  Patches  in  Typhoid  ktke. 

reddish-gray  color,  are  soft  and  spongj,  and  their  edges  blend  gradually 
with  the  adjoining  mucous  meuibraue.  The  patches  which  are  more 
markedly  affected  aie  of  gi-ayish  color,  of  firm  consistence,  and  rise 
abruptly  from  the  surrounding  mucous  membrane  (Fig.  109)  or  even 
o^■e^lla^g  it  like  a  mushroom.  The  largest  patches  are  sometimes  more 
than  three-eighths  of  an  inch  thick. 
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The  eiilargeiDciit  and  infiltration  may  spread  fmiii  tlie  patches  to 
the  surrouudiiig  mucous  membrane,  so  that  the  patches  appeal'  very 
large ;  a  number  of  them  may  I)ecome  fused  together,  aud  there  may  even 
lie  an  annular  infiltration  entirely  around  the  lover  end  of  the  ileum. 
The  infiltration,  limited  at  first  to  Peyer's  patches,  may  extend  outward 
into  the  muscular  coat,  and  appear  in  the  peritoneal  coat  as  small,  gray, 
rounded  nodules.  This  condition  is  usually  found  only  with  a  few 
patches  in  the  lower  end  of  the  ileum;  sometimes  in  the  caK-nm  and 
api»endix  vei-miformis. 

The  solitary  nodules  are  affected  in  the  same  way  as  Peyer's  patches. 
They  may  be  hardly  enlarged  at  all,  or  be  quite  promiacnt,  or  may  be 
affecled  over  a  larger  portion  of  the  intestine  than  are  the  patches. 
Verj  rarely  the  solitary  nodules  are  enlai^ed,  while  the  patches  ai*  not 
at  sUl  or  but  slightly  affected. 

The  infiammatiou  and  enlargement  of  tlie  agminated  and  solitary 
nodules  may  be  followed  by  a  healing  process.  The  character  of  this 
proi-ess  varies  according  to  the  intensity  of  the  previous  infiammatiou. 

If  the  reaction  be  slight  aud  the  enlargement  of  the  nodules  modei-ate, 
;he  enlargement  gradually  disappears,  and  they  resume  their  normal 
appeiirance  (resolution).  In  moderate  enlargements  of  Peyer's  imtehes 
resolution  proceeds  first  in  the  nodules,  leaving  the  septa  between  them 
tor  a  time  still  swollen  and  prominent.  This  gives  to  the  surface  of  a 
patch  a  reticulated  appearance.  After  a  time,  however,  the  entire  patch 
becomes  flattened  and  UDifomi,  On  the  other  hand,  the  solitary  nodules 
or  the  separate  nodules  of  a  patch  may  soften,  break  down,  and  their 
contents  are  discharged  with  some  attendant  htemorrliage.  This  leaves 
a  bluish-gray  pigmentation,  due  to  altei-ed  hffimoglobin,  iu  the  situation 
of  each  nodule,  aud  this  may  remain  for  years. 

In  more  severe  types  of  the  disease  the  enlargement  of  the  nodules  and 
Peyer's  patches  ends  iu  ulceration.     This  takes  place  in  two  way.s: 

(ffl)  The  enlai^ed  nodules  or  patches  become  necrotic,  soften,  break 
down,  and  discharge  iuto  the  intestine.  In  this  way  are  formed  small 
ulcers  (Fig.  110).  These  uloei-s  in- 
crease in  size  by  the  same  softening 
pi-occss,  which  gradually  extends  at 
their  edges,  and  in  this  way  ulcers  of 
large  size  may  be  fomied.'  The 
ulcers  may  extciul  ontwai-d  to  the 
muscularis  or  to  the  peritoneal  coat, 
or  they  may  involve  the  peritoneal 
tiG.  110.  -HvpERFi.Asii  OF  petzh's  pjtci[  IN     '^'"^^  '^'■'''*  ^'"^  pcrforatc. 

TTi-HoiB  fkver  with  SMALL  CLfKRfl.  (ft)  J,,  tlic  sevci-cst  fomis  of  tlic 

Tbe  sepuraie  simil  ulcere  are  aitending  and     disoase  Considerable  portious  of  the 

IMIB  Id  part  coaltacwl.  ,  i  ,   .  ,         ,  , 

eulai^ed   patches   may  slough   and 

become  detached,  leaving  lai^  ulcers  with  thick,   overhanging  e<lges 

'  Owing  lo  the  frequent  involvement  ot  Peyer's  pafohea.  the  larger  intestinal  iilocra 
in  typhoid  fever  are  apt  to  liave  their  longest  (liunieter  Icuptliwisc  ot  the  giil  in  eoii- 
irftst  to  spreading  tuberculous  ulcei-s,  which,  owing  to  the  extension  of  llie  local  inflam- 
nialion  along  the  enrirciing  lymph  ciiannels,  are  apt  to  have  the  longest  diameter 
crossing  the  gut.     But  exceptions  to  this  gent'ral  rule  are  common. 

I.        Google 
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(Fig.  111).  Tb-i  slougli  uiiiy  iuvohe  ouly  the  uodules,  or  it  may  involve 
also  the  muscular  aud  i>eritoueal  coats  and  perforation  may  occur. 
TliCKC  ulcers  also  may  iifterwartl  increase  in  size,  and  several  of  them 
may  be  joined  together.  AV'beii  the  ulceration  leads  to  perforation,  peri- 
tonitis ami  death  are  the  usual  result.  In  rare  cases,  however,  the 
patient  recovers  aud  the  perforation  is  closed  by  adhesions. 

If  the  patient  recover,  the  ulcers  are  co^ei"ed  by  granulation  tissue, 
their  edges  become  flattened,  the  granulation  tissue  becomes  firmer  and 


Fici.  111.— Ulckratjon  ok  Peyiu's  Patches  and  Soutart  Ltupu  Nodulks  in  Typicoid  Fever. 

le  central  porUona  tonolng  a 

denser,  and  this  new  connective  tissue  is  gradually  roA-ered  with  cyliu- 
drieal  epitheiium. 

The  minute  changes  which  take  place  in  the  development  of  the  in- 
testinal lesion  are  as  follows: 

At  first  the  blood-vessels  around  the  nodules  are  dilated  and  con- 
gested, while  the  nodules  are  swollen  and  the  epithelium  may  fall  off. 
Then  the  nodules  increase  in  size,  lai^ly  from  a  growth  of  new  cells. 

This  cell  growth  is  essentially  an  hyperplasia  of  normal  elements  of 
the  lymphatic  tissue,  najnely,  the  lymph  cells  and  the  endothelium  of  the 
trabeculffi  and  sinuses.  There  ai«  thus  two  main  types  among  the  new- 
formed  cells,  first,  small  cells  with  relatively  large  and  deeply  staining 
nuclei;  and  second,  larger  polyhedral  or  rounded  cells  with  more  or 
less  vesicular  nuclei.  The  latter  cells  may  contain  foreign  substances, 
such  as  red  blood  cells  or  leucocytes  (Fig.  112).  The  occurrence  of 
mitotic  figures  in  the  endothelial  cells  while  these  are  in  situ,  and  the 
IK)sition  and  grouping  of  the  lai^  cells  appear  to  prove  their  endothelial 
origin.  The  production  of  new  cells  is  not  confined  to  the  nodides,  but 
extends  also  to  the  adjacent  mncons  membrane.  In  many  cases  also  little 
foci  of  similar  new-formed  cells  are  found  in  the  muscular,  subserous,  and 
serous  coats. 

In  this  stage  resolution  may  take  place;  then  the  new-formed  cells 
degenerate  and  gradually  disappear.  In  sevei-er  fonns  of  the  disease 
necrotic  changes  ai-e  apt  to  supervene,  leading  to  the  larger  and  small 
ulcers  above  described.  The  factoi-s  which  determine  the  death  of  the 
hyperplastic  tissues  are  not  yet  fully  uudei-stood.  It  is  believed  by  some 
to  be  directly  due  to  toxic  substances  fonned  by  the  typhoid  bacilli  which 
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kill  the  tissne  cells;  others  are  inclined  to  attribute  it  to  the  pressure 
which  the  iiew-foriue<I  cells  exert  on  the  nutritive  blood-vessels.  Tlie 
conclusions  ou  this  point  which  Mallorj-  draws  from  a  long  and  interest- 
ing series  of  studies  would  indicate  that  a  prolifei-ation  of  the  endothe- 
lial cells  of  the  blood-vessels  may  lead  to  their  occlusion.  This  observer 
describes  the  formation  of  occluding  thrond>i  in  the  lymph  vessels  and 
smaller  veins.     These  are  composed  of  the  prolifeniteil  endothelial  cells 


.'^ 


FlO.  U2,— E.VDOTHEU*!   CBLLg  IN   HTPERPLXSr*  Or   PrTKR  S  PiTCll   IN  TVFMOW  FETIB. 

Tliese  BXtoltaled  and  newly  lornied  rplto  r.>in«ln  mrious  loivlga  gutalBiiCM— Leumpjlra,  red  bLood  ceLls, 
fngmeDU  or  Duclel.  Mt.    SiiniB  ot  ibmn  BreDBcroik  and  «re  dtgeneratlna.    A  mlUiUc  Bgure  la  seen  In  one. 

which  have  degenerated,  t(^ther  with  fibrin  whose  formation  these 
degenerating  cells  induce.  The  accumulation  of  serous  and  fibrinous 
exudate  about  the.se  thrombi  and  the  necrosis  of  tissne  which  may  now 
ensue,  may  soon  be  followed  by  necrosis  of  the  superficial  epithelium 
and  the  development  of  ulcers.  The  accumulation  of  polymorpho- 
nuclear leucocytes  may,  according  to  Mallorj-,  now  occur,  and,  iu  cases 
which  go  ou  to  recovery,  healing  follows  by  the  formation  in  the  usual 
way  of  granulation  tissue  with  the  ultimate  restitution  of  the  sui-face 
epithelium.  Mallory  lays  great  stress  upon  the  phagocj-tic  nature  of 
the  new-formed  cells  of  the  veins  and  lymph  vessels.  For  the  signifi- 
cance of  this  process  and  other  intei'esting  details  we  refer  to  the  original 
paper. ' 

The  lesions  which  we  have  described  are  found  most  frequently  and 
are  most  pronounced  in  the  lower  part  of  the  ileum.  They  are  not 
always,  however,  confined  to  this  situation.  Enlarged  and  ulcerated 
nodules  may  be  found  over  the  entire  length  of  the  ileum  and  even  iu 
the  jejunum.  They  may  also  extend  downward  and  be  found  iu  the 
colon,  even  as  far  down  as  the  rectum.  Similar  changes  may  take  place 
in  the  appendix  vermiformis. 

Hetenteric  Ljrmph-ITodes. — The  mesenteric  nodes  undergo  changes  simi- 

'  llaUors,  Journal  of  E-xpurimKulal  Medicine,  vol.  tii.,  p.  fill,  1898. 
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lur  to  ttiose  ill  the  nodules  of  the  intestines,  and  aie  usually  affected  in 
a  degi-ee  corresponding  to  the  intensity  of  the  iutestiiial  lesion. 

The  nodes  are  at  fii-st  congested  and  suceiileut ;  then  there  is  a  pro- 
duction of  lymphoid  cells  and  large  cells  as  in  the  intestinal  nodules,  and 
the  node  becomes  enlarged.  When  the  enlai^ment  has  reached  its  full 
extent,  congestion  diminishes,  and  the  cells  begin  to  degenerate.  The 
degeneration  may  take  place  slowly,  and  then  the  uode  gradually  re- 
turns to  its  normal  condition ;  or  more  rapidly,  and  then  little  foci  of 
necrotic,  purulent  material  are  forme<l.  If  the  patient  recover  the  small 
foci  are  absorbed,  leaving  a  fibrous  cicatrix ;  the  larger  foci  may  become 
dry,  necrotic,  and  enclose<l  in  a  fibrous  capsule.  Intense  exudative  in- 
flanimatiou  may  occur  in  the  nodes,  which  may  be  densely  infiltrated 
with  serum,  fibrin,  and  pus. 

The  Spleen. — In  nearly  everj'  case  of  typhoid  fever  the  spleen  is  en- 
largeil.  This  enlargement  begins,  as  a  rule,  soon  after  the  commence- 
ment of  the  disease,  inci-eases  rapidly  until  the  thii-d  week,  remains 
stationary  for  a  few  days,  and  then  diminishes.  The  orgivu  is  congested, 
of  dark-red  color,  and  of  firm  consistence  while  it  is  increasing  in  size. 
After  it  has  reached  its  maximum  size,  its  consistence  becomes  soft,  and 
there  is  a  considerable  deposit  of  brown  pigment.  The  enlargement  ap- 
\iem-s  to  be  due  to  congestion  and  hyperplasia. 

Mallorj-  describes  proliferation  of  endothelial  cells,  especially  in  the 
blood-vessels  and  pulp  spaces,  and  the  formation  of  venous  thrombi. 

In  rare  eases  the  softened  spleen  riiptnres,  with  an  extravasation  of 
blood  into  the  iwritoneal  ciivitj-.  Thei-e  may  be  infarctions  of  the  spleen, 
which  sometimes  soften  and  may  apparently  lead  to  peritomtis. 

The  Liver. — The  liver  may  present  no  apparent  lesion.     It  is,  how- 
ever, frequently  large,  pale,  and  flabby,  and  in  tliis  condition  the  liver 
cells  may  be  the  seat  of  simple  al- 
buminous degeneration. 

Less  frequently  there  are  present 
in  the  liver  very  small,  soft,  gi'ay- 
ish  nodules  (Fig.  113).  These  focal 
lesions  are  sometimes  too  small  to 
be  distinguished  by  the  naked  eye. 
They  may  be  situated  about  the 
branches  of  the  portal  vein  or  within 
the  lobule.  Some  of  these  nodules 
consist  of  masses  of  small  spheroidal 

cells,  which  may  form  a  diffuse  in-  no.  iia.-FocAL  are*  oi-  endothslul-cell 
filtration  along  the  smidi  veins,  p"^"™""'""  '"  ""^  ^""'''  '"  ^"koid 
3Iallory   distinguishes   two  distinct 

varieties  of  these  focjU  lesions:  one  formed  in  the  lymph  spaces  and 
vessels  in  the  capsule  of  Olissou  by  a  proliferation  of  the  endothelium 
(Fig.  114) ;  the  other  due  to  obstruction  of  liver  capillaries,  in  part  by 
the  ])roliferatioii  of  endothelium  on  the  spot,  in  part  by  emboli  of 
endothelial  cell  origin,  which  ai'e  derived  through  the  portal  circulation 
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from  the  vessels  of  the  spleen  and  intestiue.     Necrotic  changes  may 
develop  ill  and  about  these  focal  cell  accumulations. 

Simple  focal  uecroses  of  the  liver  and  of  other  viscera,  due  to  the 
action  of  toxic  substances  in  the  body  fluids,  may  occur  in  typhoid  fever 
as  in  many  other  infectious  diseases.' 


Fig,  lU.-HvpBnpi.*tiiA  oi'  enijothi-.lium  ;n  tub  Livkr  in  Tvfhoid  Ffvkb, 
TbIsrutebnirBBmonhlglily  muminMI  portion  of  itae  focal  hslim  la  Fie- 108- 

While  small  foci  of  cell  proliferation  may  be  present  in  the  kidneyn 
as  well  as  other  viscera,  their  occurrence  is  neither  so  frequent  nor  so 
characteristic  as  in  the  liver. 

In  typhoid  fever  as  in  other  infectious  diseases  toxiemia  mayl)e  mani- 
fested by  disturbance  in  the  circulatory,  respiratory,  and  heat -regulating 
mechanism,  and  in  general  metabolism  as  well  as  by  manifest  lesions, 
such  as  albuminous  or  ether  degeneration  of  parenchyma  cells  thi'ough- 
out  the  body,  and  alterations  leading  to  leucocytosiB. 

Seoondaky  Lesions. 

In  addition  to  the  more  characteristic  lesions  of  typhoid  fever  which 
we  have  described,  there  are  several  of  secondary  or  complicating  nature. 
These  are  of  sufficiently  frequent  occurrence  in  the  disease  to  ixHiuiro 
brief  mention.  They  are  in  i>art  due  to  the  direct  action  of  the  typhoid 
bacillus  or  its  soluble  poisons;  in  part,  liowever,  are  brought  about  by 
secondary  bacterial  infections;  but  between  these  it  is  often,  with  our 
present  knowledge,  impossible  to  distinguish,' 

The  DigeBtive  Oi^ana. — In  the  intz-Hline  there  may  be  gsuigreiie,  some- 
times involving    the  tissues  about  the  ulcei-s,   sometimes  apart  from 

'  For  fuller  details  of  studies  on 
diseages.  coasult  Mallory,  loe,  eil.  I 
Flexner.  ibid.,  vol.  vi.,  p.  359.  1897. 

♦  Forbil'liograpliy  of  tlie  extra -in  test  ina)  leMrms  iniiiired  liv  thp  tvphnid  bacillus 
Bee  Howard,  Philadetpbia  Monthly  JIwl.  Jour.,  vul.  i..  No.  7,  p.  402,  1899, 
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these.  There  may  be  ci-oupous  iutiammatiou  of  the  iutestinal  mncons 
membi'aue  of  either  the  large  or  small  iuteMiiie.  A  slight  peritouitis 
soiuetiiiies  accompanies  the  intestinal  lesion.  Severe  peritonitis  is 
usually  due  to  perforation,  less  frequently  to  ulcere  wliich  reach  the  seixins 
coat,  but  do  not  perforate,  ^\'hen  there  is  infiltration  of  the  serous  coat 
with  the  new  cell  growth,  described  above,  peritonitis  may  be  asso- 
ciated with  a  production  of  little  gray  nodules  of  the  same  character 
throughout  the  peritoneum.  Infarctions  of  the  spleen,  inflammation  of 
the  ovaries,  and  perforation  of  the  gall-bladder  are  sometimes  the  incit- 
ing factors  in  peritonitis. 

Hemorrhage  from  the  intestines  may  be  slight  and  due  to  the  indam- 
matory  swelling  and  congestion  of  the  mucous  membrane ;  or  it  may  be 
due  to  the  ulceration  of  the  follicles  and  opening  of  the  blood-vessels, 
and  is  then  often  profuse. 

There  may  be  hyperplasia  of  the  tonsils  and  of  the  lymphoid  tissue  at 
the  base  of  the  tongue.  Gangrenous  ulcers  of  the  sides  and  floor  of  the 
month  may  he  present.  Catarrhal  and  croupous  inflammation  of  the 
pharynx  may  he  associated  with  superficial  or  deep  ulceration.  Inflam- 
mation of  the  parolid  leading  to  suppuration  is  not  iufrequent.  The  svft- 
maxUiary  gland  may  be  similarlj'  aifeefed.  Entailment  and  induration 
of  the  salivary  glands  and  of  the  pancreas  in  typhoid  fever  ha^'e  been  de- 
scribed and  are  believed  to  be  due  to  hyperplasia  of  the  gland  cells  with 
accumulation  of  their  secretion.     This  may  be  followed  by  degeneration. 

The  Circalatory  Oi^aoB. — The  heart  in  many  cases  is  the  seat  of  albu- 
minous, fatty,  or  hyalin  degeneration,  or  of  pigmentation.  Myocarditis, 
endocarditis,  and  pericarditis  are  of  occasional  occurrence.  Thrombi 
may  form  upon  the  valves  or  in  the  heart  cavities,  and  detached  frag- 
ments of  these  may  be  lodged  as  emboli  in  various  parts  of  the  body. 
The  arteries  may  be  the  seat  of  acute  inflammation.  If  this  involve  the 
intima,  an  occluding  thrombus  may  be  formed  which  may  lead  to  gan- 
grene of  the  part-  supplied  by  the  vessel.  Thrombosis  of  the  veins  is 
common,  and  especially  frequent  in  the  femoral  vein  late  iu  the  disease. 

The  Reipiratory  Organs. — The  Larynx  is  frequently  the  seat  of  catarrhal 
inflammation,  with  or  without  superficial  erosions.  Less  frequently  there 
is  croupous  inflammation,  followed  in  some  cases  by  destructive  ulcer- 
ation ;  cedema  of  the  glottis  occasionally  occurs. 

The  Lungs. — Catarrhal  inflammation  of  the  large  bronchi  is  very  com- 
mon. Broncho-pneumonia  occurs  in  two  forms.  There  may  be  a  severe 
inflammation  of  most  of  the  bronchi  of  both  lungs,  with  cellular  infiltra- 
tion of  the  walls  of  the  bronchi  and  zones  of  peribronehitic  pneumonia; 
or  there  is  an  intense  geneml  bronchitis,  with  lobules  of  the  lung  corre- 
spondiug  to  obstructed  bronchi,  either  collapsed  or  inflamed,  or  both. 

From  the  long- continued  recumi)ent  position  of  the  patients,  the  pos- 
terior portions  of  the  lungs  become  congested,  dense,  and  uuaerated. 
Sometimes,  in  addition  to  this,  irregular  portions  of  the  lungs  become 
hepatized.  Less  frequently  there  is  acute  lobar  pneumonia.  Infarctions 
are  not  uucommou,  and  gangrene  occasionally  occurs,  either  associated 
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with  lobalar  pneumooia  or  witli  infarctious,  or  as  an  independent  coudi- 
tion.     Fibrinaiis  pleurisy  and  empyema  are  not  iufrvqueut. 

The  Gflnito-nTiiiftiT  Orgaiu.— The  kidnft/8  are  occasionally  the  seat  of 
an  acute  inflammation.  Cartarrbal  and  eroupoiis  and  nodular  inflani 
mation  of  the  bladder  may  occur.  Hiemorrbage  and  gangrenous  inflam- 
matiou  in  the  orarirs  have  been  recorded;  the  uterus  may  be  involved.' 
Orchitis  and  epididffmitfs  may  develop  duriii}i;  convale-sceuce. ' 

The  Nerrou  System. — In  addition  to  chromatolytic  changes  in  the  gan- 
glion cells  which  are  common  to  many  infectious  diseases, 'there  may  be 
tliromlKMis  of  the  venous  Hinusesand  obliterating  endarteritis.  Aente 
meningitis  is  rare.*  Degeneration  and  inflammation  of  the  periphem! 
nerves  may  occur. 

Snppnrative  Inflammation  may  occur  in  almost  any  part  of  the  body 
in  typhoid  fever.  This  may  be  in  the  form  of  boils  or  of  ileep  abscesses. 
Poet-pharyngeal  suppuration  is  often  one  of  the  most  serious  of  these 
complications.     Post-typhoid  bone  lesions  ai-e  often  important.' 


SEPTicaaiic  FoBMs  of  Typhoid   Fever  without  Ciiaeacteristic 
Local  LEsioKa 

Typhoid  fever  may  occur  without  the  characteristic  intestinal  and 
associated  lesions.  In  this  septiciemic  type  of  the  disease  there  may  be 
no  demonstrable  lesions  other  than  those  which  are  due  to  the  toxe- 
mia.' On  the  other  hand,  inflammatory  processes  in  the  viscera — lungs, 
kidney,  spleen,  etc. — may  be  dependent  on  the  presence  of  the  typhoid 
bacillus.  The  lesions  in  such  cases  are  not,  so  far  as  we  yet  know,  char- 
acteristic, and  the  post-mortem  di^uosis  depends  largely  upon  the  iden- 
tification of  the  bacillus.' 


'  I/irtigau,  New  York  Med.  Journal,  -June  16th.  1900,  bibliograpliy. 

'See  iCinnieuM.  Trans.  Assn.  Ainer.  Pbyn..  vol.  xvi..  |),  145. 

'  For  a  study  of  Kaoglion  cells  in  cases  of  typlioM  fever  see  Xie}iel»,  Jour,  of  Eip. 
Med.,  vol.  iv..  p.  189,  1899,  bibllngmpiiy.  See  also  Em'ng,  "Studies  on  Ganglion 
Cells,"  Archives  of  Neurology  and  Psycliopatliology.  vol.  i.,  p.  268,  1898. 

•For  bibliography  of  typboid  meningitis  sec  Wentirorth,  Trans.  Amcr.  Pediatrii, 
8oc,  vol.  xi..  p.  145.  '899. 

•  ParioM.  Johns  Hopkins  Hospital  Reports,  vol.  v..  p.  417.  1895. 

•  Consult  in  tbis  connection  for  cases  and  bibliograpby,  Chiari.  Zettsclirifl  f.  Heil- 
Kundo,  1897;  Lnrtig/i'i.  New  York  Med.  Journal,  vol.  Ixx.,  p.  158,  1899:  also  Johns 
Hopkins  Hospital  Bulletin,  April.  1899;  OpIiuU.  N.  Y.  Med.  Jour.,  Jlay  12th,  1900. 

'  For  summary  of  studies  on  the  typlmid  bacillus  and  typhoid  fever,  with  bibliog 
raphy,  consult  i)u»*iir.  "Ergcbnisse  der  allg.  Actiologic  der  Meuscbe:--  u.  Tblerkrank- 
behen,"  Jahgr,  I.,  Abth.  1.  p.  61)5,  1896. 
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Distribution  of  the  Typhoid  Bacillus  ix  the  Body  in  Typhoid 
Fever. 

In  tbe  early  stages  of  the  disease  the  bacilltia  may  be  fonud  in  the 
Ijinphatic  structures  of  the  intestines  and  in  the  mesenteric  lymph-nodes 
and  the  spleen.  It  may  be  present  in 
lesions  involving  the  bone  marrow,  kid- 
ney, liver,  lungs,  pleura,  uterus,  testicle, 
and  skin,'  as  well  as  in  the  blood," 
Tyjihoid  bacilli  have  been  repeatedly 
found  in  the  urine  and  in  the  bile,  and 
may  persist  here  long  after  the  establish- 
ment of  convalescence,'  They  may  be 
found,  though  not  in  such  abundance  as 
was  foiuierly  assumed,  in  the  intestinal 
conlents  after  the  disease  has  become  well 
established.  Their  abundance  here  ap- 
pears to  depend  somewhat  upon  the  de- 

FiU.     nS.-   CLIHTER     UF      TVPHOID     Bi-  *^  r  ..       j.-  ,  t  j.-  T        .1. 

ciLLi  IS  iHK  8plb«n.  g^e  <*'  lutcstiual  ulceration.     In  the  vis- 

cera they  are  apt  to  occur  in  larger  and 
smaller  masses  or  clusters  (see  Fig.  115).  The  typhoid  ba«lllus  may 
be  transmitted  through  the  placenta  to  the  foBtus.' 

Typhoid  bacilli  may  be  present  alone  or  in  association  with  other 
germs  in  the  foci  of  suppuration  which  so  frequently  complicate  typhoid 
fever,  also  in  the  exudate  in  inflammations  of  the  serons  membranes  and 
in  the  endocardial  vegetations.' 

Some  of  the  inflammatory  complications  which  occur  iu  typhoid  fever 
are  due  to  the  growth  of  the  bacillus  iu  unusual  places  in  the  body;  but 
many  of  them  are  due  to  a  secondary  infection  with  other  germs,  notably 
with  the  pyogenic  cocci,' also  with  the  colon  bacillus  and  the  pneumo- 
coccus. ' 

Modes  of  Infection  with  the  Typhoid  Bacillus. 

lufectiou  with  the  typhoid  bacillus  seems  usually  to  occur  through 
the  gastro- intestinal  canal.  In  a  large  proportion  of  cases  the  bacilli 
are  conveyed  by  means  of  food,  and  especially  of  milk  and  di'inking- 

>  See  Pratt,  Joiir.  Boston  Soc.  Med.  ScIeDcea,  vol.  Hi. ,  p.  170.  1899. 

'See  AuerbtuJt,  Deutsche  ined.  Wocliensclir.,  December  6th,  1900,  bibliography; 
also  Healelt.  N.  Y.  Med.  Rec.,  vol.  Ix.,  1901.  p.  849. 

'Oirj/it,  JoliDS  Hopkins  Hoap.  Bull.,  vol.  x..  p.  109,  1899;  also  Curaclimann,  on 
typhoid  cystitis,  MQnchener  med.  Wochenschr.,  October  16th,  1900. 

Mlef.  Lnrtigiiu.  New  York  Hed.  Jour,  June  Iflth.  1900. 

'See  Flexnfr.  Joumnt  of  Pathology  uud  Bacterioloey.  vol.  iil.,  p.  302,  1895.  acd 
■Tohns  Hopkins  Hospital  lleports,  vol.  v..  p.  343;  h\so  .Vace,  "Traitede  Bact^riologie." 
1901. 
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water,  which  have  Ik*«ii  polluted  with  tlie  excretions — fiecea  and  urine — 
of  pel-sous  suiferiut;  from  the  disease.  JIauy  serious  epidemics  of  typhoid 
fever  have  been  traced  to  pollutions  of  milk  and  drinking-water  from 
buch  sources. ' 

Oysters  which  have  l)eeu  taken  from  ;rrossly  polluted  waters,  as  near 
sewer  oiieniii}:^,  bavo  l>eeii  the  means  of  conveying  the  germs.'  There 
is  aliniidant  evidence  that  Hies  convey  the  iiifeetioiis  material  from  nudis- 
infecled  discharges.' 

In  milk  the  typhoid  bacillus  not  only  remains  alive  for  long  perio<1s, 
but  undergoes  active  multiplication.  It  may  remain  long  alive  in  water 
aud  even  for  a  time  multiply.  In  the  soil  aud  when  dried  it  may  remain 
alive  for  months.  Frozen  in  ice  it  has  been  found  alive  after  more  than 
three  months.     It  is  n-adily  killed  by  exposure  to  strong  sunlight. 

PrerentlTe  Inoculations. 

Preventive  luoculatioiis  liAve  l>ecii  practlse<l  on  a  large  siciile  in  ninn  by  tlic  rtietliod 
ot  HnlTktue  with  apparently  favorahic  rt^iills.  Iti  tliis  metlKxl  cultures  of  Ibu  boclllua 
are  killeU  bj  beat  and  the  emulsion  is  injeeted  subcutaucously. 

Agglutination. 

We  hftvc  seen  (n  an  earlier  sectiDn  <)f  Ibis  book  (p.  IBO)  that  in  llic  adaptnllon  of  a 
Ifricij,'  body  lo  certain  alien  organic  substaaces.  among  whicli  are  bocleiia  and  tljclr 
toxins,  the  scrum  of  tlie  adapted — or  in  the  case  of  niicni'Organisms,  of  the  irr^nuni/eil 
— indivklual  may  contain  substances  which  are  agglutinative  tor  tbe  particular  Epeeies 
of  mlcro-argaoism  involvol.  By  the  use  of  thisphenomcnonof  agglutination,  a  method 
of  eliiiical  diagnosis  of  considerable  value  has  been  devised  and  niiicb  employed  espe- 
cially in  typhoid  fever. 

The  nature  of  Uiis  agglutination,  which  may  occur  with  dead  bacilli  also,  is  not 
yet  understood,  nor  is  the  reaction  altogether  limited  to  the  Iwi^terial  species  wbicli  in- 
duces the  tolerance.  Furthermore,  it  appears  that  Agglutination  may  be  induced  hy 
various  organic  and  Inorganic  chemical  substances 

Agglutluation  has  been  used  as  a  means  of  diagnosis  in  other  infectious  disenses. 
It  has  tieen  found  useful  also  in  the  identification  of  species  in  various  forms  ul  bacteria.'' 

The  TTphoid  and  Colon  Bacillua. 

Much  difflculty  has  Ixen  encountered  in  distinguishing  between  the  typhoid  ba- 
cillus and  various  forms  of  tbe  colon  iMcillus  when  they  oecur  together,  as  may  be  tlic 
case  in  coutaminaled  water  or  in  the  dejecta  of  persons  sulTeiing  from  typhoid  fever. 
As  a  result  of  this  di:tleulty  a  very  close  rehilionsliip  has  been  assumed  between  typbokt 

'  Freemnn.  New  York  Medical  Record.  March  aSlh.  1880,  bibliographv :  also 
Vaughi:n.  Jour.  Amcr.  Med.  Assn.,  April  19th.  1903.  p.  979. 

'  h'reeman,  Albany  Med.  Annals,  vol.  xviii.,  1897,  bibliography;  ifotng,  Revue 
d'HygiSne.  t.  xxii.,  pp.  12, 103,  198. 1900;  Uerdmnn  onrfi^cc, Thompson  Yates  Labo- 
ratory Heport.  vol.  ii..  supplement,  1899. 

'See  reference,  p.  168;  also  report  on  typhoid  fever  in  U.  8.  Military  Camps  during 
Spanish  War  of  1893,  by  Ileed,  Vaiighiin.  and  Shake»]>eaiv,  1900;  also  experimental 
study  by  Fieker,  Areh.  f.  Hygiene.  Bd.  xlvi.,  1908.  p.  274. 

'For  further  details  of  agglutination  we  refer  to  the  special  bibliognkphy  on  the 
subject,  wliieh  may  be  found  in  Mace's  "  IJaeleriologie,"  1901.  and  lo  works  on  clinical 
patliology,  ami  for  a  comprehensive  bibliography  to  KMer,  Klinisches  Jahrbuch,  Bd. 
viit..  1901,  p.  3o. 
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aod  coloD  bacilli.  Thia  assumption  is  not  wtiotly  justified  by  tLe  facts,  Blnce  m&Dy  of 
tliu  biological  as  well  aa  some  of  the  morphological  cbaracters  ot  the  two  are  quite  dia- 
similar. 

Tbc  difncully  ia  distinction  is  largely  limited  to  tbe  IdeDtificutiOD  of  colonies  od  the 
common  media  usually  employed  in  the  gelatin  and  agar  platca.  Hiss  has  shown  how 
by  a  slight  modification  of  the  coinmoD  methods  the  growth  of  each  form  is  quite  cliar- 
acteristic.  so  much  so  that  pure  cultures  may  be  made  from  the  first  mixed  plates  with- 
out difficulty.'  When  once  the  two  forms  are  separated,  distinguishing  characters  are 
readily  deDioastrable.' 

Hethods  of  Btaining  th«  TTphoid  Bacilltu. 

.  Tbc  bacilli  from  artificial  cultures  stain  readily  with  the  ordinary  anilin  dyes,  such 
as  fuchsin  and  methylene  blue.  In  sections,  however,  they  do  not  stain  so  readily. 
They  are  decolorized  by  Qrani.  They  may  be  stained  by  Zie/il'a  tolution  (see  p.  223). 
Stain  fur  half  an  hour,  decolorize  In  alcohol,  clear  in  oil  of  cedar,  mount  in  balsam. 
The  decolorlzation  in  alcohol  should  he  carefully  done  to  avoid  the  removal  of  too 
much  color.  Flesoer  recommends  tbe  staining  in  LaJUr'a  methylene  blue  golution  for 
two  hours;  then  put  in  acetic  acid  solution  1: 1,000  for  several  minutes;  dehydrate  In 
absolute  alcohol :  clear  and  differentiate  in  oil  of  cloves ;  mount  in  balsam.  The  aim  In 
both  of  these  methods  is  to  leave  the  nuclei  faintly  colored,  but  not  so  much  so  as  to 
conceal  the  clusters  of  more  deeply  stained  bacilli. 

Bibliography  of  Typlioid.— For  a  resum^  of  the  studies  on  the  typhoid  haclllua 
and  its  relationship  to  this  disease  see  Xeufeld,  Kolle  and  Wassermann's  "  Handbuch  der 
MIkroorganismen."  Bd.  ii.,  p.  204.  For  studies  on  various  phases  of  typhoid  infection 
see  Johns  Hopkins  Hospital  Keports,  vol.  viii.,  1900. 

FaratTpliold. 

Recently  a  group  of  cases  of  continued  fever  ban  been  recognized  which  give  the 
general  clinical  picture  of  typhoid  fever,  but  in  which  the  serum  does  not  agglutinate 
Che  typhoid  bacillus,  and  cultures  reveal  a  bacillus  in  some  respects  resembling  but  not 
identical  with  the  typhoid  bacillus,  and  apparently  intermediate  between  this  and  the 
B.  colt  communis.  This  bacillus  has  been  called  the  paratyphoid  bacillus,  and  It  Is 
agglutinated  by  the  serum  of  the  cases  in  which  it  occurs.  The  intestinal  and  other 
lesions  of  this  disease,  which  is  called  paratyphoid,  so  for  as  they  are  known,  are  not 
those  characteristic  of  typhoid  fever.'  The  limitations  of  this  book  do  uot  permit  us  to 
enter  into  detail  into  the  subject  of  paratyphoid  and  its  bacillus,  in  which  considerable 
uncertainty  still  prevails,*  Regarding  the  value  and  significance  of  the  agglutination 
test  the  reader  should  consult  works  ou  clinical  diagnosis. 

ASIATIC  CHOLERA. 

Asiatic  cholera  is  a  disease  incited  by  the  growth  and  proliferation  in 
the  intestines  of  a  slightly  curved  or  spiral-shaped  bacterium,  which  is 
called  the  cholera  spirillum — Spirillum  ckolerw  Asiatica  (Vibrio  eholerae 
Asiaticfe).  This  organism  iu  the  early  and  active  stages  of  the  disease 
may  be  present  in  enormous  nunil)er8  in  the  contents  of  the  small  intes- 
tine, often  penetrating  the  mucosa.  It  is  usually  confined  to  tliis  situ- 
ation. Its  deleterious  eflfects  upon  the  body  appear  to  be  largely  due  to 
the  production  of  toxic  substances,  which  in  addition  to  serious  intestinal 

'i/tM,  Jour.  Exp.  Med.,  vol.  li.,  p.  677. 1897;  Jour.  Med.  Research.,  vol.  vill.,  1908, 
p.  14H :  also  /ii'sa  and  Rumeil.  tied.  News.  February  I4tb,  1908. 

'For  a  study  of  agglutinative  reactions  of  the  colon-typiioid  group,  see  Brunt 
and  Kayur,  Zeitsch.  f.  liyg.  u.  Infkr,  vol.  sliii.,  1B08,  p.  401,  bibl. 

>See  Wtlh  and  Scott.  Jour,  of  In  fee.  Dls.,  vol.  i.,  1908,  p.  73. 

'  For  a  resume  of  this  subject,  with  bibliography,  see  Libman,  Journal  of  Medical 
Research,  vol.  viii.,  1903,  p.  168. 


ire. ., Google 


THE   INFECTIOUS   DISEASES.  ad9 

irritation  or  lesioD  may  on  absorption  incite  those  systemic  disturbances 
vhicli  characterize  profound  toxiemia. 

Lesions  of  Asiatic  Cholera. 

In  some  cases  of  cholera  there  are  no  marked  changes  to  be  found 
after  death,  and  in  no  case  are  the  lesions  distinctive  of  this  disease. 

If  death  occur  during  the  invasion  of  the  disease  or  in  the  stage  of 
collapse,  the  appearances  in  the  more  marked  cases  may  be  stuumarized 
as  follows: 

The  bodies  may  remain  warm  for  some  time,  aud  the  temperature 
may  rise  for  a  short  time  after  death.  The  rigor  mortis  iisnally  begins 
early  and  lasts  for  an  exceptionally  long  time.  The  muscles  sometimes 
exhibit  a  peculiar  spasmodic  twitching  before  the  rigor  mortis  sets  lu, 
especially  the  muscles  of  the  hand  aud  arm. 

The  Skin  is  of  a  dusky  gray  color;  the  lips^  eyelids,  fingers,  and  toes 
are  of  a  livid  purple.  The  ends  of  the  fingers  are  shrivelled,  and  the 
cheeks  and  eyes  sunken. 

The  Brain. — The  sinuses  of  the  dura  mater  are  filled  with  dark,  thick 
blood.  The  pia  mater  may  be  normal,  or  cedematous,  or  ecchymotic, 
or  infiltrated  with  fibrin.  The  brain  is  usually  normal,  but  may  be  dry 
and  firmer  than  usual. 

The  Lnnga  are  retracted  and  amemic,  the  pleura  may  be  dry  or  coated 
with  fibrin.  The  Heart  is  normal.  The  Peritoneum  may  be  dry  or  coated 
with  a  layer  of  fibrin. 

The  Stomach  is  usually  unchanged,  but  may  be  the  seat  of  catarrhal 
infiammation.  The  Small  Inteitlne. — There  may  be  ecchymoses  in  the 
mncons  membrane ;  the  mucous  membrane  may  be  soft  and  (edematous ; 
there  may  be  general  congestion,  or  the  congestion  may  be  confined  to 
the  peripheries  of  the  solitary  and  agminated  nodules,  and  these  nodules 
may  be  swollen ;  or  there  may  be  croupous  infiammation  and  snx>erficial 
necrosis.  All  these  changes  are  usually  most  marked  at  the  lower  end 
of  the  small  intestine.  There  is  apt  to  be  post-moriem  desquamation  of 
the  epithelium.  The  characteristic  rice-water  fluid  may  be  found  in  the 
intestines  after  death,  or  instead  of  this  dark-colored,  bloody  fluid.  The 
Lai^  Intestine  is  usually  normal,  but  in  some  epidemics  croupous  inflam- 
mation occurs  iu  a  considerable  number  of  cases. 

The  Spleen  may  be  soft.  The  Livei  may  show  small  areas  of  granular 
or  fatty  or  hyalin  degeneration. 

The  Kidneyi  are  often  increased  in  size,  with  white  and  thickened  cor- 
tex and  congested  pyramids.  The  epithelium  of  the  cortical  tubes  may 
contain  coarse  granules  and  fat  globules,  or  be  necrotic.  The  tubes 
may  contain  casts  and  disintegrated  epithelium.  The  Utenu  and  Ovariei 
may  be  congested  and  contain  extravasated  blood. 

If  the  patient  do  not  die  until  the  stage  of  reaction,  the  body  does  not 
present  the  same  collapsed  appearance,  and  there  arc  often  inflammatory 
changes  in  diff'ereut  parts  of  the  body,  especially  in  tlie  larynx,  tlie  lungs, 
the  stomach,  and  the  intestines. 
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If,  Lwwever,  the  aniiiial  be  allowed  to  live  longer — eay  two  or  tlii'ee  daya 
— before  the  examination,  the  condition  of  the  tissue  about  the  gi-owing 
bacterial  mass  iu  the  typical  course  of  events  shows  marked  and  signifi- 
cant alteration.  Immediately  aroiind  the  bacteria  tlie  nuclei  fail  to  take 
the  nuclear  stains  (Fig.  41);  the  cytoplasm  is  unusually  (tnmular  or 
fallen  into  fragments.  These  are  the  marks  of  cell  death,  and  from  the 
situation  of  this  ai'ea  of  dead  tissue  about  the  colony  of  growing  bacteria 
we  may  infer — and  the  iufereuce  is  confirmed  by  a  host  of  tests  and  ob- 
servations— that,  in  growing,  the  bacteria  have  set  f  i-ee  iu  the  tissue  about 


riG.   4S.— MECBOSIB   and   StPPtEATION    IN  THK  LlTKIl    fKOH    BaCTKKIAL   INFKCTIOS— E:(rnATtVS  ASO 

Necrotic  Inm.ahmition. 

The  burtprlB  arc  araHered  In  miiBWs.  Uie  Uvw  w11«  about  Ihtrn  nro  necnitle,  wWlf  leu<'Oi'yws  hiivp 
inilberpd  In  lanre  numbers  wiOiin  Uie  neirollc  »raa.  WHhalfulit  (urtber  dIalDleiiratloD  Iblgninas  i-t  ctii-l 
llvtr  ilfflUH  and  pus  celte  would  Form  an  absffn. 

them  some  chemical  substance  whose  presence  is  iucompatible  with  the 
continuance  of  the  life  processes  in  the  liver  cells,  which  in  fact  has  killed 
them. 

But  ^ery  soon  the  tissues  near  by  show  a  diPferent  sort  of  reaction  to 
this  active  poison  set  free  upon  the  spot.  Leucocytes  gather  on  the  bor- 
ders of  the  necrotic  area  and  may  form  a  dense  ensbeatbing  mass  about  it 
(Fig.  42).  rf  we  look  for  the  oriffiu  of  these,  we  find  that  close  outside 
the  area  of  deiwl  tissue  and  among  the  gathered  leucocytes  the  smaller 
blood-vessels  are  dilated,  overfilled  with  blood,  and  such  marks  of  the 
emigration  of  leucocytes  as  a  tissue  removed  from  the  animal  and  pre- 
pai'ed  for  examination  may  sliow  are  unmistakable.     Not  infrequently 
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extravasated  red  blood  cells  and  fibrin  and  a  disteution  of  the  tissue 
spaces  with  flaid  still  further  characterize  the  process  as  exudative  in- 
flammation. 

It  was  observed  ia  the  exposed  mesentery  or  bladder  of  the  fi-<^  that 
the  lencoeytes,  once  outside  the  vessels,  wandered  off  in  various  direc- 
tions in  the  tissues,  some  to  the  surface,  some  to  the  lymph -vessels,  and 
some  far  from  the  veins  or  capillaries  from  which  they  emei^ed.  Xot  so 
here.  Tlie  extravascular  leucocytes  gather  close  in  the  border  zone  of 
Ihe  necrotic  area  or  enter  it.  And  we  may  usually  see  in  the  outer  parts 
of  such  an  area  of  dead  tissue  scattered  leucocytes  which  are  themselves 
undergoing  changes  indicating  the  death  of  the  cell.  The  changes  which 
have  just  been  described  as  the  result  of  experiment  in  the  animal  ai'e 
practically  identical  with  those  occurring  in"  man  as  the  result  of  sicci- 
dental  inoculation. 

If  the  process  continue,  one  may  find  on  later  examination  that  the 
dead-tissue  mass  has  softened,  the  bacteiia  are  scattered,  and  the  whole 
central  portion  may  be  occupieil  by  a  grayish  or  yellowish  grumous  or 
fluid  mass  of  dead  cells,  cell  detritus,  albuminous  and  fatty  gnmules, 
bacteria  and  leucocytes  in  various  stages  of  necrosis  and  disintegration. 

Snch  a  localized  result  of  exudative  inflammation  with  death  and  dis- 
integration of  tissue  is  called  an  abscess ;  the  material  which  it  contains 
is  called  ^im.  ' 

The  changes  by  which,  if  the  animal  survive  the  formation  of  al)soess, 
the  active  processes  are  brought  to  a  standstill  and  repair  is  effected,  we 
need  not  now  follow.  But  it  concerns  us  here  to  appreciate  that  this  is 
a  type  of  one  of  the  most  important  phases  of  the  inflammatory  process; 
a  phase  in  which  a  poison  produced  in  the  body  by  the  metabolism  of 
micro-OT^^nisms  incites  a  complex  train  of  active  and  jiassive  tissue 
changes. 

In  our  study  of  illustrative  phases  of  inflammation  we  now  tnm  to 
the  processes  by  which  repair  of  injured  tissues,  after  more  or  less  in- 
volvemeut  in  the  inflammatory  phenomena,  are  brought  about. 

B«ioliition  in  Inflammation^Phagocytei. — In  many  cases  of  exudative 
inflammation,  after  the  subsidence  of  the  active  changes  in  the  blootl- 
vessels,  the  exudates  are  entirely  absorbed,  and  the  tissue  returns  to  its 
normal  condition ;  this  is  called  resolution.  Under  certain  conditions,  on 
the  other  hand — foi'  example,  in  the  case  of  a  wound  with  loss  of  sub- 
stance, or  in  an  acute  exndati^'e  inflammation  of  a  sci'ous  membrane 
in  which  the  surface  is  deprived  of  its  normal  niesothelial '  covering,  or 
in  the  healing  of  an  abscess— new  tissues  may  be  produced  through  the 
agency  of  old  cells  or  of  new  cells  formed  in  the  inflammatory  process. 

'  For  a  more  detailed  coDsideratiua  of  suppunitton  and  the  characters  of  pus  see  p. 

'  The  niorpholoKical  resemblance  of  the  flat  cells  covering  the  surfaces  of  the  ^rcat 
serous  cavities — roriloneal,  pleural,  aod  pericardial— to  the  endothelium  of  the  blood 
and  lymph -vessels  lias  led  to  their  being  also  called  endothelium.  But  their  genesis  as 
well  as  certain  physiological  capacities  which  they  still  retain,  render  more  titling  llic 
name  mtwthHiam.    See  reference  to  Miwt  in  footnote  ou  p,  835. 
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Before  consideriug  the  way  in  which  repair  of  a  woaod  is  effected,  we 
shall  look  at  an  important  class  of  cells  in  the  body  by  which  foreign  and 
waste  substances  are  disposed  of. 

Phagocytes. — The  disposal  of  small  foreign 
particles  which  m  one  way  or  another  get  into 

#^  the  l)odi    and  the  removal  of  dead  and  aselesR 

g^  i  fragments  of  tissue  -nhich  may  be  present  as  the 
J^^^  rtsuU  f  iiijur>  or  disease,  are  cai'cd  for  by 
'  lugei  and  smaller  cells    called  j)i«jjocy(e«.     To 

F  e  43   pHioocTTw  a  certain  extent  the  -■axxvi  occurs  in  tlie  wear  and 

Thw  are  ei  Roei «  wb  h  teal  of  nonml  lite  The  cells  having  this  mat  - 
'^cr6'e^"bid™  woipiBinpn  j^^  ,„  p^ai^  are  lirgelv  leucocytes  (Fig.  43), 
lud  all  ire  ipparentlv  mesodermal,  lowly  or- 
ganized cells.  iSome  of  them  are  large  cells  and  may  be  multiiiuclear — 
the  so-called  "giant  cells'"  (Fig,  44).  Endothelial  cells  may  also  play 
an  important  role  as  phagocytes. 

The  disposal  of  dead  or  foreign  material  is  in  part  accomplished  by  its 
being  taken  into  the  bodies 

of   the    phagocytes.     These         „,^a>     **  "**  **'^\  "^      *      % 
may  either   retain    it   more         "    '°"%^ l^  •',*^        \*  '  ^     i^ 

or  less  iiemiaiiently,  or  may        "^^'^e'  '*?*~^    ^  v 

absorb  it  in  virtue  of  their       '^(^      ta,'^     ea       »''®dl^\ 
metabolic  powers,  or,  m  the  —  ,^^"         ^       .^ 

case  of  leucocytes,  maj  carry         ^  ^       *^   "'        ^  '^ 

it  off  to  some  region  of  de  ^  * 

posit  by  the  exeivisc  of  their         (j;;^,  "       < 

amceboid  capacities.    On  the        ^^  Os  > 

other  liaifd,  the  leucot  \  tes        ^  ^  t  **W  "       a  Si 

and  possibly  other  mtsodii  (^  y        «   '       -     ff^Fs; 

mal   cells,   may  either  inth  ^     ^    *    ■»  /g^ 

or     without     disiutegi-ation  "^ —  -^i^      —  ^        _^      ^|^^^ 

develop    ferment -like    sub  ""  "~  ^ 

stances'  which  rendci  pio  fiu  m-g>ntciili8 

teid  materials  soluble      thus  The  jrlunt  c?  is  are  sc  me  homer  o[  a  layer  o(  ffranu  atlon 

dead  or  usel«'ss  tissue  frag-  ;^;;^;ZIi^"™'  »  ">-»  of  <i««i  nbm»  uwue  -hicb  i. 
iiieiits  may  bt^  dissolved  and 

carried  off  in  the  tissue  liuids  (Fig.  4.5).  This  phagocytic  and  lytic 
a<'tioii  of  iiifsodei'inal  cells  is  t>eliu^'ed  to  have  an  important  bearing  npou 
iinmnnity  and  i-ecovery  fi-oin  infectious  diseiises  (see  pp.  172  and  181). 

'  Tlicsi;  i^iMxt,  c'i'lls  may  lie  formed  citlifr  liy  tlic  fusiiij!  togi'llit-r  <)r  eodatlielial  or 
ttiiiiuK^live-tlssiii;  GL-lls,  or  liy  a  division  of  niicli'i  ami  fiici-uiHi;  iu  tlie  cytojtlsBtn  of  cod- 
ncotive-tiKauc  cvlltt,  witliout  a  furtlitr  division  of  tlic  iiudy.  Tlic  p(«stliility  must  be 
Teeogni7.<-<i  tbat  cinnt  rells  mny  lie  furmMl  also  liy  the  fusion  of  leiicocylia.  Giant 
rellM  am  rmqiicnlly  jirciwiit  in  ;rraiiu1atioii  tissue  wlilrli  is  forming  simiiltuiipously  with 
till'  uliKoriilioD  of  8oini>  furuign  substance  or  eonslderable  (jiiiinlitius  of  dead  tissue  (Fig- 
44).  For  II  stwiy  of  giant  ci'lls.  with  bibliogiupliy,  consult  llekUtrn,  Jour.  Exp.  W-Cl,. 
vol.  ill.,  p.  31;  ^V™(,  Ziegler'sBeiirilge,  ftl.  xxiv.,  p.  440:  aail  Button,  "Studies  from 
"  .  ..^  ..    .        -.     |^][  iJiiivfrsity."  vol.  i. 

1)  of  ferments  in  pailiology  see  JaetAy.  Ceutrbl.  f.  Patb.. 
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The  Healing  of  Wounds. 


The  way  in  which  new  inflammatory  tissues  are  fomied  may  be  best 
imderstood  by  following  the  process  of  healiiig  in  a  wound  with  loss  of 
sobstaoce — for  example,  in  a  wound  through  the  Hkiu  or  a  mucous  mem- 


FlO.   M.— PKAaUENTS    0 


brane  into  the  tissae  beneath.  At  first  there  may  be  hemorrhage.  After 
this  has  ceased,  the  injury  to  the  tissue,  the  unusual  exposure  of  deep- 
seated  parts,  the  presence  of  foreign  substances,  et<.,  may  indut-e  the 
same  series  of  events  which  we  have  seen  occurring  in  exudative  inflam- 


mation with  production  of  serum,  fibrin,  and  pus.  The  bloodvessels 
dilate,  the  circulation  becomes  slower,  serum  transudes,  and  emigration 
sets  in.  Certain  of  the  cells  and  fragments  of  intercellular  substance 
near  the  seat  of  injury  may  <lie,  and  in  time  are  CJist  off  or  are  disinte- 
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grated  or  disBolved  and  absorbed  or  otherwise  disposed  of  by  phi^ocytes. 
The  tisHue  may  become  soaked  and  swoUeu  by  the  transuded  seruni,  and 
the  couuective-tissiie  cells  in  the  vicinity  may  undergo  proliferative  or 
degenerative  changes. 

QrannlatioB  Tuaoe. — After  a  variable  time,  usually  ou  the  second  or 
third  day  if  all  goes  well,  the  surfaces  of  the  wound  may  be  more  or  less 
covei-ed  with  tiny  red  uodules  called  ffranulalion«.  These  granulations 
contain  numerous  thin-walled  blood-vessels  which  have  sprouted  out 
from  the  old  vessels  near  the  seat  of  injury,  and  around  these  a  new 
loose,  succulent  tissue  is  formed,  largely,  it  is  believed,  from  prolifer- 
ation of  connective -tissue  cells.  This  is  called  granulation  tissue  (Fig. 
46).     On  the  surfaces  of  the  granulations  are  usually  pus  cells  in  vary- 


ing quantitj',  or  the  granulations  may  be  more  or  less  covered  with 
dried  exudate.  The  way  in  which  the  new  blood-vessels  fonn  by  proto- 
plasmic sprouts  from  the  old,  and  the  maimer  in  which  connective 
tissue  de\elops  from  older  connective-tissue  cells  have  been  already  de- 
sciTbed  ill  the  section  on  Regeneration.  Let  it  suffice  here  to  say  that 
the  cells  of  the  granulalion  tissue  are  at  first  mostly  small  and  spher- 
oidal or  polyhedral,  and  are  usually  packed  closely  t<^ther  with  only  a 
small  amount  of  fluid  intercellular  substance.  Presently  some  of  the 
cells  become  lai^er  and  polyhedral,  elongated,  fusiform,  or  branched, 
and  after  a  while  a  delicate,  fibrillar  intereellular  substance  makes  its 
appearance  about  them  and  grows  more  and  more  abundant  (Fig.  47). 
The.se  larger,  variously  shaped  cells,  which  appear  to  be  fonned  out  of 
the  small  spheroidal  or  indifferent  colls  of  the  granulation  tissue,  are 
usually  granular,  and  the  inicleus  is  generally  large  and  distinct.  Some 
of  these  larger  cells  which  .seem  to  be  more  or  less  directly  coueerned  in 
the  formation  of  intercellular  fibres  are  eaW^iX  jibroUnKlH  (Fig.  48). 
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As  the  j^uulation  tissue  grows,  new,  small  spheroidal  cells  are  gath- 
ering by  proliferation  or  by  coiitiuned  emigration.     Some  of  these  par- 
ticipate ill  the  formation  of  tlie  graoulatiou  tisane,  while  others,  not  find- 
ing conditions  snitable  for  their  fur- 
ther development,  or  even  for  their 
continue^l  eicistence,  die  and  pass  off 
on   the  .«nrface,  together  with  some 
transuded  fluid,  as  pus. 

The  polyunelear  leucocytes  do  not 
apparently  share  in  the  formation  of 
new  tissue.  Whether  this  is  largely 
or  wholly  derived  from  small  spher-  ^'°-  **~^"^f"f^,; 
oidiU  cells  which  may  result  from  ^^^ 
proliferation  of  old  connective-tissue 
cells,  or  whether,  as  is  now  confi- 
dently claimed  by  many  observers,  the  emigrated  lymphocytes,  assmu- 
iug  the  characters  of  "plasma  cells"  {see  page  103),  may  be  also  con- 
cernetl,  is  not  yet  certain. 

Cicatricial  Tissae. — The  new  tissue  gradually  becomes  more  and  more 
dense,  the  intercellular  substance  more  abundant,  while  the  cells  decrease 
in  nunit)er  and  become  flatter  and  less  conspicuous.  The  epithelium  may 
row  grow  over  from  the  sides,  forming  by  mitosis  from  the  old  epithe- 
lium at  the  edges  of  the  wound  (Fig.  49),  and  finally  cover  the  new 
vascular  tissue.  The  new  tissue,  having  at  last  undergone  more  or  less 
shrinkage,  with  atrophy  of  the  blood-vessels,  consists  of  a  dense,  firm 


Tlien-  was  Ings  of  subsUnw -muscle.  Ilbrous  tiseiie.  and  surfare  pplthplliim.    The  lost  tteaue  haa  bpen 
rvplai^  by  tlie  vwidilnr  EraDulatlim  tlwue  vhk'li  la  oldtsl  and  motil  dense  In  Ute  deeper  puttlons,  while  on 

Ntw  epilbelluin  li  premlng  funvard  tinm  llie  old  at  Ihe  edges  over  the  surface  of  the  new-fortned  tissue. 

mass  composed  largely  of  fibrillar  basement  substance  with  a  few  flat- 
tened cells  (Fig,  50) ;  and  with  this,  which  is  the  cicatrii,  the  healiug  ia 
complete. 

Tanations  in  the  Healing  Proceu.— Although  in  the  production  of  new 
tissue  in  connection  with  or  following  exudative  infiammatlou  essen- 
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tially  the  same  processes  are  involved  in  all  cases,  there  are  yet  very 
marked  differeuces  in  the  degree  in  which  the  different  factors  share. 
Thus  the  vascular  and  exudative  phenomena  may  predominate  and  veiy 
large  quantities  of  serum,  librin,  or  pus  collect,  while  the  amount  of 
uew-formeil  tissue  may  be  insignificant.  The  production  of  a  lai^ 
amount  of  exudate,  particularly  of  pus  cells — suppuration — usually 
marks  the  presence  of  micro-organisms  whose  locally  elaborated  poisons 
complicate  or  ivtard  the  healing  process.  In  other  cases  the  formation 
of  new  tissue  is  the  dominant  feature,  and  the  production  of  exudates 
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seems  to  be  almost  entirely  subordinated  to  this  end.  The  process  of 
repair  which  is  complicated  b,\'  exudative  inflammation  or  effected  only 
by  the  gradual  formation  of  a  considerable  amount  of  new  tissue  is  called 
by  surgeons  healing  by  "second  intention." 

The  distinction  between  healing  by  fii'st  and  second  intention,  which 
is  of  practical  importance  in  surgery,  is,  from  the  patholt^ical  stand- 
point, only  a  quantitative  one:  for  the  restitution  of  the  parts  to  the 
healthy  condition  is  in  both  cases  brought  about  by  exudation,  and 
proliferation  of  c«lls  usually  under  the  influence  of  vascular  changes; 
but  in  one  case  the  latter  changes  are  very  slight,  in  the  other  more  or 
less  extensive. 

There  is  much  variation  in  the  formation  of  granulation  tissue.  Thus 
sometimes  the  t>ody  cells  resjiond  but  feebly  to  the  unusual  con- 
ditions, and  neither  cell  proliferation  nor  blood-vessel  gi-uwth  is 
active.  On  the  other  hand,  the  development  of  blood-vessels  may  be 
excessive,  while  olher  tissue  formation  lags.  Under  these  conditions, 
loops  and  taugles  of  thin-walled,  contorted  new  vessels  maj-  project 
from  the  granulating  surface,  while  useful  tissue  formation  remains  in 
abeyance  (Fig,  51).  The  result  of  this  disproportionate  growth  of  ill- 
formed  blood-vessels  is  the  exuberant  granulations  which  the  surgeon 
frequently  removes  from  unhealthy  healing  .surfaces, ' 

Cavities  formed  by  absoes.se.s  or  by  necrosis  in  any  part  of  the  body 
may  be  filled  up  and  their  sides  drawn  together  in  a  cicatrix,  by  the 
formation  of  a  provisional  mass  of  granulation  tissue  similar  in  charac- 
ter to  that  which  grows  in  external  wounds.     So,  similarly,  cysts  may  be 

■  Reitibiirk,  Zitgler's  Buitr..  Bd.  30. 
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obliterated  and  ulcers  partially  filled  and  drawn  into  cicatricial  healing. 
L^arge  free  surfaces,  like  the  pleura  and  the  peritoiieuju,  may,  through 
the  intervention  of  granulation  tissue,  pass  from  the  denuded  condition 
of  an  active  exudative  inflainmatlou,  either  with  or  without  adhesions, 
into  a  condition  which,  though  by  no  means  a  return  to  the  normal,  we 
yet  designate  as  repair. 

The  so-called  organization  of  a  thrombus  in  a  blood-veasel  is  brought 
about  by  processes  practically  identical  with  those  which  have  just  been 
described  in  the  formation  of  new  tissue  in  reparative  inftainmation  in 
an  external  wound.  The  endothelial  cells  of  the  \essels  and  the  con- 
nective-tissue cells  in  their  walls  proliferate,  new  blood-vessels  develop 
by  sprouts  from  the  already  existing  smaller  vessels  in  their  walls  or 
close  about  them.     The  new  cells  and  new  blood-vessels  thus  derived 


^^nidually  penetrate  the  clot  forming  new  connective  tissue,  which  re- 
places step  by  step  the  fibrin  and  blood  wliieh  are  gnulually  softened  by 
autolysis  and  absorbed  or  removed  by  phagocytes. 

The  part  which  the  thrombus  plays  in  its  so-called  organization  is 
thus  a  wholly  passive  one.  It  acts  only  as  a  tempoi-ary  supporting  text- 
ure for  the  development  of  the  new  tissue  derived  from  other  sources 
which  step  by  step  replaces  it. 

Hyperplasia  and  InterBtltial  Inflammation. 

Hyperplaifia  of  the  fibrous  interstitial  tissue  of  theiiitemal  organs  and 
other  parts  of  the  body — as,  for  example,  in  the  li\'er,  kidney,  heart, 
nervous  system,  etc — is  of  frequent  occurrence  and  is  usually  associated 
with  changes  in  the  parenchyma.  In  somecascs  the  formation  of  fibrous 
tissue  clearly  follows  evident  and  often  a^'.ute  inflammatory  processes  and 
bears  the  same  relation  to  antecedent  reaction  to  injury  that  the  cicatrix 
in  a  healing  wound  does  to  the  granulation  tis.sue  from  which  it  is 
formed.     In  other  cases  it  is  associated  with  long-continued  hypenemia— 
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ohronio  congestion — of  the  oi^an  involved.  Again,  gradual  hyperplaaift 
of  the  interstitial  tissae  takes  place  by  the  slow  increase  of  cells  and  stroma, 
without  evidence  of  an  active  cell  proliferation  or  marked  involvement 
of  the  blood-vessels.  Finally,  hyperplasia  of  the  interstitial  tissue  may 
be  and  probably  nsoally  is  secondary  to  damage  to  or  atrophy  of  the 
parenchyma,  as  in  the  spinal  cord  after  degeneration  in  uene  ti-acts  or 
in  the  heart  after  damage  to  the  muscle  fibres.  lu  such  cases  it  is  often 
spoken  of  as  repUteement  fii/perplaJtia.  These  forms  of  fibrous-tissue 
hyperplasia  will  be  considered  with  more  detail  in  the  sections  dealing 
with  the  special  lesions  of  the  viscera.  They  have  all  been  usually  re- 
garded as  mark^  of  iufiamniation.  Some  of  them  unquestionably  are 
so;  concerning  others,  donbt  will  continue  until  onr  knowledge  as  to 
their  excitants  considerably  increases.  In  the  mean  time  the  terrajibro- 
sia  is  sometimes  applied  to  the  results  of  fibrous-tissue  hyperplasia,  though 
this  is  still  most  commonly  included  among  the  inflammatory  processes. 
Those  important  phases  of  inflammation  which  are  due  to  damage 
from  special  forms  of  micro-organisms  will  be  considered  in  detail  in  the 
chapter  of  this  book  devoted  to  the  Infectious  Diseases. ' 

Special  PhaBes  of  Inflammation. 

The  several  phases  of  the  inflammatory  process,  which  we  have  now 
considered,  are  fairly  typical  of  the  reaction  of  the  living  body  to  various 
fonns  and  degrees  of  injury.  If  we  look  at  them  together  and  seek  to 
gather  their  dominant  features,  we  find  that  the  changes,  varied  as  they 
are  in  character  as  well  as  in  d^ree,  are  mostly  of  three  kinds:  first, 
those  involving  a  gi-eater  or  less  amount  of  d^ffeneration  or  necrosis ;  sec- 
ond, those  involving  local  disturbances  of  the  circulation,  as  well  as 
altenitions  in  the  distribution  and  character  of  the  fluid  and  cellular 
elements  of  the  h\onA~-exKdaUif  eMnges;  and  third,  regenerative,  produc- 
tive, or  repfiraiire  changes. 

Of  these  Ihi^e  groups  of  alterations  in  inflammation  those  involving 
the  blood-vessels  and  their  contents  are,  in  a  clinical  sense,  most  striking 
and  chiinictei'istic,  and  to  many  seem  to  dominate  the  inflammatory  proc- 
esses. But  in  fact  all  are  closely  associated.  The  various  phases  of 
Inflamumtion  depend  upon  the  nature  and  extent  of  the  injury,  the  in- 
herent reactive  vigor  of  the  cells,  and  the  character  and  position  of  the 
tissue  involved. 

Special  names  have  been  attached  to  various  forms  of  the  inflamma- 
tory process,  descriptive  of  the  feature  which  fiom  the  particular  stand- 
point of  the  observer  seems  most  striking  or  important.  Some  of  the 
names  are  descriptive  of  clinical  symptoms,  some  express  the  duration 
or  character  or  situation  of  the  le.sion,  some  seek  to  imply  more  or  less 
^1' ell -founded  views  of  the  nature  of  the  process.     Thus  among  the  fonns 

'  For  B  suggestive  and  interesting  consHpraticm  of  tlie  relatioiidiip  between  inflani- 
nialioii  and  vanous  forma  of  "  fibrosis  "  see  Adniin.  Midiileton  Guldsmitli  Lectures,  Mwi- 
cal  lieL-onl.  Marcli  14  and  31,  and  April  4  and  11.  18Mt. 
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of  exiidatiTe  iDflammation  those  in  vliicb  tbe  extravassted  serous  fluid 
jft  the  most  marked  feature  are  often  named  serous  inflammations.  If 
fibrin  predominate,  it  is  called  ^n'noufi;  if  associated  with  much  blood 
extrarasation,  it  is  termed  h(Bmorrhagic.  When  the  agencies  are  present 
^rhich  indiic«  the  necessary  vascular  changes  and  promote  the  emigration 
and  gathering,  and  often  the  destruction,  of  leucocytes  in  considerable  or 
tiii^  numbers,  we  have  a  suppurative  or  pundent  inflammation.  If  much 
ti^ue  death  be  associated  with  the  process,  it  is  named  necrotic  inflam- 
mation. 

Again,  if  certain  mncous  membranes  or  mucous  glands  t>e  subjected 
to  the  inciting  agencies,  they  may  respond  by  an  overproduction  of 
mucus  as  wel!  as  by  an  increase  or  death  of  cells ;  this  is  mucous  or 
<vtarrhal  inflammation.  Finally,  these  various  forms  of  exudate  may  be 
produced  simultaneously,  whence  arise  such  compound  designations  as 
sero-pHriilent,  mueopuruleiit,  etc.,  inflammation.  Inflammation  with  the 
formation  of  new  tissue  is  caUfid  prodiietife  or  reparative. 

Local  inflammation,  especially  when  incited  by  micro -oi^nisms,  is 
often  associateil  with  systemic  infection  duo  to  a  distribution  of  the  in- 
citing agents  through  the  body.  This  condition  will  be  considered  in  the 
chapter  dealing  with  the  Infectious  Diseases  (see  page  202). 

It  has  seemed  wise  to  many  to  attempt  to  draw  a  sharp  distinction 
between  those  phases  of  inflammation  which  involve  only  the  degener- 
ation of  tissues  or  the  redistribution  of  already  formed  tissue  elements — 
— nenmi,  fibrin,  and  blood — siud  those  phases  which  ai-e  productive  or 
reparative.  But  while  this  "attempt  aims  at  the  recognition  of  a  biologi- 
cal distinction  of  fnudamenta}  importance.  It  encounters  the  great  prac- 
tical difficulty  that  both  phases  of  the  reaction  of  tissues  to  injury,  the 
exudative  and  the  productive,  occur  together,  so  that  none  of  the  named 
classes  of  inflammation  represent  simple  and  unmixed  forms  of  tissue 
reaction.  The  important  thing  is  to  conceive,  as  clearly  as  our  knowl- 
edge permits,  the  nature  of  the  processes  which  underlie  these  various 
manifestations  of  disturbed  cell  function  and  their  associated  tissue 
alteration.s.  Then  the  names  may  serve  useful  temporaiy  ends  at  least, 
■withont  implying  too  much  or  concealing  too  little  knowledge. 

Survey  of  the  Inflammatory  Process  and  its   Significance. 

If  now,  from  the  rantage-ground  which  we  have  won  by  our  survey 
of  various  typical  phases  of  inflammation,  we  seek  to  gain  an  insight  into 
the  forces  which  dominate  the  varied  processes,  we  note  at  once  that 
from  first  to  last  the  cell  and  tissue  performances  in  inflammation,  how- 
ever exaggerated  or  perverted,  are  only  the  expression  of  physiological 
oapa<'itie»  which  belong  to  the  structures  involved.  Thus  the  contrac- 
tions and  dilatations  of  the  vessels  are  paralleled  in  health.  The  exuding 
of  fluids  through  their  walls  occurs  by  processes  akin  to  those  by  which 
blood  pressure,  osmosis,  and  selective  filtration  in  endothelial  cells  main- 
tain the  initial  circulation  into  and  thi-ough  the  tissue  spaces.     Emigra- 
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ti«H  is  a  physiological  process  which  wefiiid  excessive  heif,  hecatiae  th^re 
are  structural  alterations  hi  the  walls  of  the  vessels  which  permit  a  freer 
exit  of  the  cells,  and  because  there  are  also  present  new  and  ai-tive 
cheniicai  agents  which,  just  a-s  in  normal  conditions  though  in  exiigger- 
ated  faji^ion,  excite  and  control  the  movement  and  direction  of  the  leu- 
cocytes. The  healing  pi-ocesses,  complex  as  they  seem  to  be,  are  actually 
bnt  a  rehearsal  under  unusual  and  often  difficult  conditions  of  cell  and 
tissue  foi-matiou,  which  is  chai-acteristie of  the  normal  pei-iod  of  de^elop- 
ment.  Phagocytosis  is  a  factor  of  the  greatest  importance  in  the  nonnal 
aji  well  as  in  these  abnoimal  performances  of  the  body  cells. 

The  degenerative  phenomena,  among  which  must  be  reckoned  the 
formation  of  fibrin,  are,  as  we  have  seen,  incidental  rather  than  primarj- 
factors  in  inflammation. 

Thus  in  all  the  manifold  maliifestations of  abnormal  cell  perfoi-mance 
in  infiammation  we  find  no  new  fnuctions,  no  new  cell  capacities. 

We  are  now  brought  faee  to  face  with  the  final  question:  \\Tiat  does 
infiammation  meant 

In  those  phases  which  involve  the  repair  of  wounds  and  the  i-egener- 
ation  of  lost  tissues  it  is  not  difficult  to  recognize  conservati\e  and  bene- 
ficial processes.  But  how  is  it  with  those  phases  of  iniiammation  in 
which  the  blood-vessels  are  lai^ely  involved  and  exudates  fornie<l  — 
serum,  fibrin,  and  pusT  Are  we  to  be  contented  here  with  a  simple  sum- 
mary of  the  phenomena  and  with  the  i-eeognition  that  these  aiv  the  i-esults 
of  exuberated  or  physiological  cell  and  tissue  performances  in  the  face 
of  injury!  Or,  on  the  other  baud,  is  there  reason  for  the  'oelief  that 
these  abnormal  manifestations  of  cell  life  in  the  presence  of  an  unusual 
and  deleterious  environment  may,  after  all,  be  in  the  main  consen-ati^'e 
in  their  nature,  and,  even  as  imrmal  cell  fuuctioug  do,  tend — within  Ihe 
limitations  of  an  emergency — to  the  welfare  of  the  individimll 

In  the  hope  of  gaining  some  light  upon  this  question  let  us  look  a 
little  moie  closely  at  the  part  which  the  exudates  play  in  exudative  inflam- 
mation ;  and  first  at  the  leucocytes. 

It  was  through  the  painstaking  and  brilliant  .studies  of  Metschuikoff ' 
tliat  attention  was  directed  to  the  importance  in  this  connection  of  com- 
parative studies  upon  the  compoi'fment  of  lower  forms  of  life  in  response 
to  injury. 

It  was  found  that  am<et>a,  one  of  the  simplest  of  oi^anisms,  when  cut 
in  two  may  undergo  complete  restitution  of  tlw  i>art  containing  the  nu- 
cleus, provided  the  latter  be  uninjuietl.  The  lemaining  portion  may 
live  for  a  time,  but  ultimately  dies.  Furthermore,  it  was  found  that 
amceba  and  other  lowly  fonns  of  living  beings  ai'e  capable,  by  the  use  of 
their  simi>le  digestive  processes,  of  desti'oying  micro-oi^nisms  which  are 
taken  into  their  interior  and  which  might  otherwise  damage  or  kill  them. 
Thus  it  was  establi-shed  that  the  digestive  mechanism  may  l)ecome  pro- 
tective in  lowly  organized  cells. 

Kising  in  the  scale  of  living  beings,  it  is  found  that  in  forms  in  which 
'  MctirliniAi'ff,  "C'uiiipiirativirPHlliDliigyDf  Inflanunatiun,"  English  troDslation,  ltf93. 
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considerable  differeiitiatiou  of  some  of  the  cells  baa  taken  place,  whetber 
there  be  a  distinct  circulatory  apparatus  or  not,  certain  other  cells  ai« 
left  in  a  more  primitive  state:  these  are  phagocytic  and  can  ingest  or 
otherwise  destroy  deleterious  material. 

When  we  come  to  mau  and  other  warm-blooded  animals,  it  is  upon 
the  lencot^ytes  which  have  retained  so  many  of  the  capacities  of  undifler- 
entiated  protoplasm  that  attention  is  esi)ecially  concentrated.  It  has 
been  fonnd,  as  we  have  already  seen,  that  the  movement  of  leucocytes 
may  be  directed  toward  (sometimes  irom)  chemical  substances  set  free 
in  their  vicinity.  This  chemotaxis  is  frequently  manifested  in  the 
vicinity  of  dead  cells  or  tissues  which  are  the  seat  of  destructive  me- 
tabolism. But  it  is  especially  in  relation  to  micro-organisms  of  various 
forms  that  chemotaxis  in  the  leucocytes  is  of  the  highest  significance  to 
us  here. 

Highly  \'iruleut  micro-organ  isuis  may  for  a  time  repel  the  leucocytes, 
probably  through  negative  chemotaxis,  but  these  may  later  approach 
them.  On  the  other  hand,  lencocj'tes  most  often  migrate  toward  bacteria 
which  havegained  entmuce  to  the  body.  It  has  been  proven  that  leuco- 
cytes, es[>ecial]y  the  polynuclear  ncutrophiles,  less  fi-equently  laige 
nionouuclear  forms,  may  take  into  their  interior  and  destroy  living 
bacteiia.  Dead  bacteria  also,  ii«  well  as  other  inert  material,  they  can 
eugulf  and  destroy. 

This  capiicity  of  leucocytes  and  other  mesodermal  cells — endothelia, 
etc. — to  take  up  living  bacteria  and  kill  and  digest  them  was  persistently 
and  iibly  urged  by  Metschnikoff  and  his  pupils  as  the  chief  protective 
agency  in  tlie  body  against  bacterial  incursions,  and  to  these  observers 
all  the  other  phenomena  of  inflammation  fonuerly  seemed  of  secondary- 
importanci-.  But  it  was  soon  shown  that  this  extreme  view  is  not  correct. 
For  it  was  demonstrated  by  many  observci-s  that  flic  body  fluids,  csih"- 
cially  blood  scrum,  is  capable  ot  killing  bacteria  with  which  they  come 
in  contact.  Wlien,  however,  this  remarkable  quality  of  the  body  fluids 
was  investigated,  it  was  found  thiLt  it  is  most  pronounced  under  coiuli- 
tioiis  which  involve  the  breaking-down  of  leucocj-tes  or  the  litieration  <)f 
the  destructive  substances  into  the  dui<ls.  It  wiis  ]»ossible  now  to  denmn- 
strate  that  the  leucocytes  do  in  fact  contain  a  germicidal  proteid  sub- 
stance or  substances.  These  substances,  which  appear  to  be  closely 
associated  with  or  relate<l  to  nncleinic  acid,  have  be«'n  called  "alexines" 
or  "protective  proteids."'  It  has  been  further  deuionstrated  that  while 
the  eosinopfaile  cells  may  move  towai-d  bacteiia,  tliey  are  not  phiigocytiir, 
but  may  set  free  gnmules  which  api>ear  to  favor  the  destruction  of  the 
germs. 

It  thus  appears  that  the  earlier  view  of  the  almost  exclusive  impor- 
tance of  phagocytosis  is  not  sustained,  but  that  even  more  than  in  the 
action  of  living  phagocytes  the  protective  agencies  are  to  l)e  sought  in 
the  body  fluids.  But  it  is  also  clear  that  the  protective  capacities  of  the 
body  fluids  are  the  result  of  cell  iictivities,  as  indeed  might  have  been 
'For  further  conaideration  of  this  subject  nee  p.  181. 
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iDfen-ed  in  advance  «f  the  long  line  of  carefnl  experiments  which  finally 
led  to  the  demonstration. 

The  imiiortaiiee  of  this  protective  power  of  the  body  cells  and  bcKly 
flnids  is  not  eslmusted  with  their  germicidal  siction.  For  not  less  sig- 
nitieant  is  the  role  which  these  may  assume  in  the  establishment  of  otlier 
phaws  of  innnnnily  to  the  ruenrsion  of  micro-organisms.  This  will  l>e 
considered  later  iu  the  general  survey  of  the  infections  maladies  (p.  175). 

If  now  one  seek  for  ways  iu  which  the  other  exudates,  serum,  and 
fibrin  may  be  useful  to  the  individual,  it  is  obvious  that  in  the  dilution 
of  locally  engendei"ed  poisons  and  iu  their  i-emoval  from  a  vnlnerable 
r^ioD  the  fluid  may  at  times  be  Iteneficial.  Fibrin,  too,  by  closing  inflam- 
matory foci,  through  temporary  adhesions,  or  by  the  sealing  of  absorbent 
surfaces,  may  limit  the  extension  of  injurious  agents,  as  is  so  frequently 
the  case  in  local  infectious  injuries  in  the  peritoneal  and  pleural  ca\-ities. 
That  the  regeneration  and  repair  of  tissue  which  may  be  associated  with 
or  follow  the  more  active  phases  of  inflammation  ai"e,  asa  nile,  beneficent, 
is  not  doubtful. 

There  is,  of  course,  another  side  to  the  matter.  For  new  cicatricial 
tissues  which  have  formed  in  the  process  of  repair  may  be  so  situated  as 
to  cause  serious  impairment  of  functional  performance  or  even  fatal 
strictures.  The  gathering  of  leucocytes,  too,  may  be  so  excessive  and 
their  proliferation  so  extr^nne  as  to  lead  to  delayed  healing  or  to  serious 
exhaustion  from  suppuration.  But  notwithstanding  these  irr^ularities 
and  failures  there  seems  to  be  good  resison  for  the  belief  that,  on  the 
whole,  the  processes  inxolved  in  infiammation  ai-e  con8er\-ative,  and, 
within  the  limitations  which  may  be  set  by  the  varied  and  changing  con- 
ditions of  injury,  tend  to  maintain  the  \('elfai-e  ajid  sustain  the  life  of  the 
individual. 

CHABACTEKIZATIOH  OF  THE  INFLAKMATOBT  FHOCESS. 

The  general  conception  of  inflammation  which  we  have  just  set  forth 
looks  beyond  the  gross  manifestations  of  disonlei-ed  function  and  altei-ed 
structure,  by  which  it  wiis  originally  marked,  and  beyond  the  complex 
and  varied  expressions  of  aberrant  cell  activities,  with  which  our  later 
scientte  has  mostly  dealt,  to  the  fundiimental  qualities  of  living  substance. 
And  thus  at  hmt,  with  the  heart  of  the  subject  iu  view,  a  characterization 
of  infiammation  becomes  possible  which  is  suggestive  and  useful,  though 
it  may  not  indeed  be  final.  Perhaps  among  many  such  characterijiatious, 
that  of  Adami '  is  on  the  whole  the  most  clear  and  precise,  and  with  him 

'  For  a  fuller  consideration  of  inflammation  from  the  point  of  view  wliici)  in  gcnetnl 
is  lien>  uiloptvd.  one  niav  consult  tlip  excellent  nrtiele  on  "  laflamniatioQ  "  by  Atl<iuii  in 
Allbutfs-Systemof  Mwlicine,"  vol.  1.,  p.  54. 

In  r^/uii'*  work  on  "General  Patliologv."  vol.  i.,  is  a  dear  exposition  of  the  lari- 
uu!j  proceRsen  coneenicd  In  Intlamniation.  wiili  a  fuller  n-eo^jtioti  than  is  conimonly 
aceonl<il  to  tliem  of  Ihe  mechanicnl  factore  involved.  In  both  of  lliese  works  the  more 
im|H>rtant  bibliography  may  Ih:  foimri. 

For  bibliography  ami  rritjcal  resumt  of  studies  on  patiiological  organization,  in- 
flammation, etc..  see  JSor'd,  Lulursch  and  Ostertag'8  Ersebuisse,  Jahrg.  iv..  for  1897, 
p.  461.    See  also  refcrence!i  under  Regeneration,  pafe  M.  and  under  Tumors,  page  3ti3. 
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\re  may  at  present  wisely  coudder  iDflammatiou  as  "  the  local  attempt  at 
the  repair  of  injury,"  The  fiiiidameutal  conception  upon  which  tliis 
characterization  is  t)ased  is  that  infiamniatioo  is  an  emergency  measure 
incited  by  injurj',  in  which  the  body  adapts  to  unusual  ends  as  best  it  can 
mechanisms  and  powers  oormally  maintained  for  other  purposes. 

This  view  of  inflaraniatiun,  however  much  it  may  be  modified  as  our 
knowledge  (irows,  reci^nizes  a  far-reaehing  significance  in  the  complex 
processes  involved.  And  while  throwing  light  upon  the  practical  prob- 
lems of  the  physician,  it  points  the  way  to  a  broader  conception  of  other 
abnormal  conditions  in  which  also  the  adaptation  of  physiological  cell 
capacities  to  new  conditions  seems  to  furnish  a  clew  to  many  manifesta- 
tions of  disease  as  yet  but  little  understood. ' 

Now  that  we  have  gained  a  conception  of  the  inflaniniatory  processes 
in  general  and  some  clef's  as  to  their  significance,  it  does  not  seem  neces- 
sarj-  to  enter  here  upon  a  detailed  description  of  the  variations  which  they 
present,  since  these  arc  lately  influenced  by  the  character  of  the  incit- 
ing agents  and  by  the  situation  in  which  they  act.  Such  details  as  may 
-fall  within  the  scope  of  this  work  are  given  in  the  section  dealing  with 
inicro-oi^anisms  as  inciting  factors  in  disease,  and  in  the  part  dealing 
with  the  l&sions  of  special  organs. 

'  Consult,  for  a  rkar  and  coinpreheDsive  viuw  of  adaptaiiim  id  paMinlogica 
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CHAPTER  V. 

AinMAL  PABASITES. 
Protozoa.' 

Thjs  class  of  II II i cellular  (>rgaiii»iiis,  siiiiie of  which  Ix'lonp;  in  IIip  Imii- 
(If  t'laiid  between  phiiitK  and  iiiiiiiialK,  ntv:  fov  the  most  part  mici'oscopic, 
lhoii)r)i  a  few  forms  aiv  laiije  eiioitgli  t(»  be  visible  to  tlie  naked  wye. 
Mauy  of  them  are  [)iii'asitie  in  man,  though  few  forms  are  an  yet  of  known 
jtatbof^Miie  signifieitnee.  There  is,  however,  inneh  reason  for  the  grow- 
ing belief  that  many  forms  ai-e  the  inciting  factors  in  some  of  the  seriouB 
infections  disensi's  whose  etiology  is  still  obscure. 

The  ]»rotozoa  may  be  divided  into  foiii-  classes: 

I.    SAROODINA  or  ItlllZOPODA. 

li.  Mastigophora. 

III.  Sporozoa. 

IV.  Infusoria. 

I.   SARfolUNA  (Rlihopoda). 

The  protozoa  of  tlii«  class  ai-e  (he  siniiilest  in  atrncture  and  move 
about  or  feed  hy  Ihe  protrusiiiii  of  bniad  or  slender  processes  called  [ineu- 
4lo]>iHlia.  Repn)dnction  takes  ])hn«  bj-  simple  division  and  by  si>on'  for- 
nnilion.  One  of  the  lowest  onlei-s  in  this  chuss  contains  foims — .\ni(el>a 
— ^whidi  are  parasitic  in  man. 

The  .Inirrfiffl  co?i  (.VuKcba  dyscnlerica,  Oniiicilman  and  Laflenr)  is  of 
considerable  pathological  si;jniflcanc<*.  It  has  l>een  rei>eatedlj'  fonnd  in 
a<-nte  and  chronic  dyst^ntery,  in  the  intestinal  contents,  at  the  bottom  of 
the  intestinal  ulcei-s,  and  in  the  secondary  abscesses,  espechilly  of  (lie 
liver,  wliicli  niiiy  aeconijiaiiy  ulcei-.ilive  (lolitis.  Tlie  amtelia  is  l)elieve<I 
to  l)e  the  inciting  factor,  in  some  cases,  in  Imth  the  primary  ulcerative 
colitis  and  its  complicating  altscesscs  (see  p.  555). 

The  .\ina-ba  coli  (Fig.  52)  is  a  sphei"oidal  cell,  fi-oni  five  to  eight 
times  the  diameter  of  a  red  bliMMl  cell,  with  gi-iinnlar  protoplasm  and  a 
vesicular  nucleus.     It  often  contains  larger  and  smaller  vacuoles,     Fi-e- 

'  Fur  u  ri-suiiiu  oF  our  prcsput  kriowli'ilKcof  tlic  |iikriiNilio  and  oIlxT  |in>l()Xiin.  ronNtilt 
tUilldtii,  "Tlic  Pn)ti>/oii,"  1902:  lUsii  .I/«niH(6fjv/,  l.ulmrsch  and  OsU-rtajt's  "Ergi-liiiiRW 
ilcr  allg.  ActioWic  ilcr  ini-nRchliclieii  uml  TbicrkrutikliL-it^'n,"  Jfthrg,  I..  Ablli.  t.  p.  916. 
IH96:  Krim  in  PlUgp 'h  -  Mlkrui>rj;nnlR:iicn."  vol  11. ;  Clnrke.  -  PmtozoQ  and  Dis«iae," 
1908;  and  Do/Inn  nml  f.  Pr-r.aek  iii  Kolle  and  Wiisst^mianu's  "Handbucli  der  Mikro. 
organism  en,"  B(l.  i..  8.  H65. 
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queiitly,  especially  when  the  amoeba  is  active,  a  portion  of  the  proto- 
jilasui  appears  almost  homogeneous — ectosjii-c — while  the  rest — endosaro 
— is  granular.  Wbeii  moving  it  aflsitmes  various  forms,  thnisting  out 
iiiiil  withdrawing  nearly  liom(^eiieons  i)seudopodia.     [t  may  also  change 


its  shape  without  progiessive  mo\'emetit.  It  occurs  in  ncute  and  chronic 
(lysentery,  frequently  iii  Egypt,  occasionally  in  Kussia,  and  is  often  seen 
in  the  United  States.' 

Other  species  of  amceba  have  been  found  parasitic  iu  the  human 
uiouth,  intestines,  and  bladder. 

II.   Mastigophora. 

These  oi^anisms,  many  forms  of  which  ai*  closely  related  to  the  Sar- 
t^odina,  are  of  defiuite  or  changeable  shape,  with  or  without  a  membrane ; 
.<Miiie  are  parasitic,  some  saprophytic.  They  are  characterized  by  the 
possessiou  of  one  or  more  motile  Hagella.  Tliey  are  fi-equently  grouped 
In  colonies. 

Among  the  flagellated  protozoa,  the  group  of  Tryimnoswnea  ai-e  of 
much  significance,  as  panisites  in  frogs  and  other  c^ld-blooded  as  well  as 
ill  warm-blooded  animals.  These  organisms  are  fusiform  in  outline, 
with  a  single  flagellum  and  an  iindnlatory  membrane.  They  have  been 
long  known  iu  the  blood  of  rats  and  are  of  frequent  occurrence  in  cattle, 
liorscs,  dogs,  and  otiier  related  animals.  Aniimg  the  recognized  diseases 
of  animals  1>elieved  lo  l>e  dne  to  trypauosoines  are:  Xiigaua — the  tsetse - 
flydisciise;  Surra;  and  sevenil  other  nmladies  of  wild  and  domestic 
aiiiumls  of  subtropical  and  (n>pi<'a]  regions.  Trypano.somata  iippear  to 
l»e  conunoii  in  wild  nits  in  all  countries.  A  few  cases  of  trvi>anasomatic 
infection  in  nmn  in  Africa  are  i-ecorde<l.     Xovy  and  JIcNeal  have  re- 

'  We  retcr  for  fiirOicr  details  tiiiui'nniip  tlip  Anitelin  coli  to  the  work  or  Couiiril 
man  and  LaJUur  on  "Amtplric  Dysentory,"  Johns  Hopkins  Hospital  Reports,  vol.  ii..  ]>. 
395,  1801.  For  h  method  of  dlm^rt-iitiul  Ntniain)^  iif  tlje  AnxiUa  coli  see  Mallory,  Jour- 
nal of  Expcrimcntnl  Heillclno,  vol.  ii.,  p.  939,  1097. 
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cently  succeeded  in  the  artificial  culture  of  the  Trypanosotna  lewiei  of  tlic 
wild  rat'  and  of  T.  brucei  of  the  tsetse-fly  disease.' 

Cercomonaa  inteMinalU  is  a  pear-shaped,  tiagellate  structure  (Fig.  54), 
about  0.012  mm.  long,  making,  when  alive,  rapid  movements  It  has 
been  fouud  iu  the  evacuations  of  persons  sufferiog  from  cholera,  typhoid 
fever,  and  diarrhoea. 

TrichomoJMs  vaginalis  has  an  oval  or  pear-shaped  body  from  0.015  1o 
0.025  mm.  long,  with  a  cluster  of  llagella  at  one  end  and  an  andalatiug 


>:J^r 


iNTBTiHAua.        f:o.  K.-thichohoaas  vi- 

LewIBI.  After  BnuD.  oinalis.    After  Dock. 

membrane,  frequently  mistaken  for  cilia,  upon  the  side  (Fig.  55).  It  is 
of  occasional  occurrence  in  vaginal  exudates.  The  possibility  of  misbiJc- 
iug  the  T.  vaginalis  for  human  spermatozoa  should  be  borne  in  mind  iu 
medico-legal  examinations,  although  to  an  obser^'er  familiar  with  either 
structure  such  a  mistake  could  hardly  occur. 

Some  forms  of  Trichomonas  have  been  found  in  the  urine  of  men,  in 
the  intestines,  and  iu  the  sputum.* 

III.  Sporozoa. 

The  sporozoa  are  all  parasitic,  living  at  some  period  of  their  life 
cycle  in  the  cells  of  their  host,  and  are  especially  characterized  by  their 
reproduction  through  encystment  and  spore  formation.  Many  forms  of 
the  organisms,  especially  the  spores,  are  very  minute  and  difficult  of 
identification.  They  are  widely  distributed,  being  found  as  parasites  in 
nearly  all  classes  of  animals.  They  may  invade  the  gastro-intestinal 
canal  and  the  kidney  and  their  adnexa,  the  blood,  muscle,  connective 
tissue,  and  skin.  While  many  of  them  appear  to  be  harmless  to  their 
host,  others  may  do  serious  damage  by  blocking  the  tissue  spaces  and 
thus,  or  In  other  ways,  inducing  necrosis,  atrophy,  or  cell  death.  Some 
forms  are  wholly  intracellular,  others  remain  for  only  a  part  of  their  life 

'  For  a  resume  of  trjpanosoinalii:  infections  and  tlie  nictiio<]s  of  artiticial  cuttun-  of 
prolozoa.  seu  MfSe'il  hikI  Morg,  jii  "Contr.  ti)  Meil.  Hesoarcli.  Vaugiian  Anniversary 
Volume."  1908,  p.  640 ;  tor  ilisruaaion  of  IrypanosomiasEs  in  man,  see  ManutiL,  Brit.  Me<i. 
Jour.,  Sept.  19tli.  1003,  p.  645:  fur  a  study  with  blliiiograpliv  of  TrypaDosoma  lewisi. 
see  Franri$,  Bull.  No.  11,  llygjvnic  Laboratory,  Public  llvalth  ann  Marine  Hospital 
Service,  V,  8.  A.,  1908.  For  a  study  of  trypanosomiasiB  witU  apecial  reference  to  ser- 
vice in  the  Philippine  iBknds.  see  -Uiiw/ivire  and  Ckgg.  Department  of  Interior,  U.  8.  A., 
Bureau  of  Qovemmunt  I^lioraCorics.  1003. 

'  Xovff  and  McXeal.  Journal  of  Infectious  Diseases,  vol.  i.,  1908,  p.  1. 

■For  original  studies  of  TriclionioDHfl  witli  historical  aummaryand  bibllograpliy. 
eee  Dork.  Am.  Jour.  Med.  8c..  vol.  cxi.,  p.  1,  1696. 
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-  cj'cle  within  single  forms  of  cells,  passing  then  to  other  cells  or  to  the 
body  cavities  or  to  hosts  of  a  different  species.  The  life  cycle  of  many 
forms  is  extremely  complex.  On  acconnt  of  their  strict  parasitism  and 
the  requirements  in  some  Instances  of  an  interchange  of  hosts,  precludinf; 
the  methods  of  cidture  applicable  to  many  of  the  lower  organisms,  the 
life  history  of  many  forms  is  still  iinkuowii  or  obscure. 

The  classification  of  the  Sporozoa  is  still  tentative,  but  one  may  con- 
veniently recognize  the  following  orders: 

1.  Grc^riiMF.^These  are  round  or  elongated  parasites,  some  of  the 
higher  forms  presenting  partitions  in  the  cell  with  sx^ecial  development 
of  one  end  for  attachment.  They  are  parasitic  in  certain  cold-blooded 
animals,  especially  the  invertebrata.  The  yonug  stages  only  are  tntra- 
celiular,  mature  forms  occurring  in  the  body  spaces. 

2.  The  Myxo^oridia  are  parasitic  in  certain  of  the  invertebrates,  in 
fishes  and  batrachians.  Epidemics  among  silk  worms  incited  by  a  para- 
site of  this  class  have  occasioned  serious  losses.  Many  species  are  con- 
cerned in  diseases  of  fish,  in  which  they  may  cause  extensive  deep  foci  of 
necrosis  and  ulceration.  Cytoryetes  variolse,  l)elieved  to  be  the  organism 
inciting  smallpox  (see  p.  275),  is  described  as  allie<l  to  this  order  of  pro- 
tozoa. 

3.  Coeeidia. — Organisms  of  this  order  are  parasitic  in  certain  of  the 
invertebratee,  in  birds,  reptiles,  and  mammals.     They  are  round  or  oval. 


usually  intracellular  parasites  having  no  free  motile  adult  stage.  They 
are  most  frequently  found  in  the  epithelium  of  the  intestine  and  li\er. 

One  of  the  most  common  forms  in  the  mammalia  is  Coccidium  on/orme 
which  is  of  frequent  ocenrrence  in  the  liver  of  the  rabbit,  forming  a 
part  of  the  contents  of  yellowish  irregular  shai)ed  masses,  resembling 
tumors,  or  in  the  form  of  cysts. 

The  parasites  surround  themselves  with  a  capsule  within  which  elon- 
gated sporozites  develop.  This  encapsulated  form  may  be  taken  up  by 
a  new  host  in  which  the  sporozites  are  set  free  and  enter  the  epitheliai 
cells  iu  which  tliey  agaia  become  encapsulated. 

The  occurrence  of  Coccidium  ooi/orme  has  been  recorded  in  the  liver, 
kidney,  and  heart-mnscle  of  man. 

Another  smaller  form,,  occurring  in  the  intestine  epithelium  of  dogs, 
cat«,  and  rabbits,  has  been  found  in  two  cases  in  a  similar  situation  iu 
man. 
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Rixford  Hiid  Gilcbri^t  *  liave  ilescribud  in  detail  two  cases  of  proto- 
zoan (coccidoidalj  infection  of  the  skin  and  othei*  oi^ns,  makiug  a  varv- 
I'll)  compariBOu  between  these  and  organisms  somewhat  resembling  tlieni 
which  have  been  found  in  variona  skin  lesions. 

4.  Sarcosporidia. — luthis  order  of  the  Sporozoathe  usually  elongated, 
alender  early  stage  is  found  iu  between  the  muscle  fibers  aud  bundles  of 
vertebnites — ^mouse,  hog.  and,  in  a  few  instances,  in  man.  These  are 
commonly  known  as  the  "tubes  of  Miescher"  or  "of  Rainey."  Beni- 
form  or  falcifonn  spores  are  deveioi>ed.  The  adult  forms  are  spheroidal 
or  elongated.     The  life  cycle  is  not  well  known,' 

5.  Hiemotporidia. — These  parasites  of  the  blood  form  a  hii^  group 
occurring  in  the  corpuscles  or  plasma  of  vertebrates — amphibia,  reptiles,' 
birds,  and  mammals.  Some  forms  are  among  the  most  important  of  the 
protozoan  parasites  of  man.  They  are  of  small  size;  the  adult  form  is 
motile.  One  stage  in  the  life  cycle  is  passed  in  the  blood  of  the  verte- 
biiit<'  host.  Another  stage  or  cycle  may  be  passed  iu  the  body  of  some 
insect,  acting  as  an  intermediate  host. 

Among  the  niammaliaii  htemosporidia  we  may  mention  the  htematozoa 
of  malaria  and  the  hffimatozoou  of  Texas  fe\ei\ 

The  chanicfers  of  the  mahirial  htematozoou,  for  which  the  mosqnit^i 
acts  as  int«'rmediiile  host,  are  described  in  detail  on  page  279. 

The  hiematozoon  inducing  Texas  feicr  in  cattle  was  discovered  by 
Th(«bald  Smith  and  called  Pyrosonm  bi^etmiiiim.  In  one  stage  it  is  a 
minute  pyriform  oi-ganlsm  occurring  often  in  i>aii'S  in  the  red  blood  cells 
of  its  host.  Free  forms  have  been  found  in  the  blood.  While  its  life 
cycle  hiis  not  been  completely  worked  out,  Smith  aud  Kilboume  showed 
that  a  cattle  tick  acting  as  an  intermediate  host  transmits  the  jtarasite 
through  her  eggs  and  lar\je.  It  is  through  these  young  ticks  that  fresh 
cattle  iMM'ome  infected,' 

In  1802,  Wilamouil  Chowning' dcscrilicd  tlic  oocurrenci' of  (ivoiti  IhhIii's  in  tlii"  mi 
liliKxl  ci-lla  of  pi-i'sons  aiilTi-iIng  from  Hit  m)-callt'<l  "  spotted  ti-vcr  "  of  Montana.  Tlicsc 
bo«]ii-s  in  fresh  blood  sliowt'd  anuElMid  inovemcutH.  Tht«e  oliaurvatioua  have  bet-u  con- 
flraifd  liy  Weslirook  Hud  liy  Andtrson.  The  infection  is  belfevcd  to  occur  through  Ihe 
bltea  (if  ticks  uiid  the  diseuse  liHS  been,  tlierefori',  called  ntso  "  tick  fever."  Further 
t    I  q         I  b  f       11         i  1  s      f  tn     I  srttsc       I  tl     i  K  u    f  tl     ti  k  ca 
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IV.  Infusoria. 


Thfiiifiisoi'iaai-fi  the  iiicHsMiJ^lilydiQ'ei'eiitiatetl  of  the  protozoa.  They 
have  inuuerouK  luoliir  u|)i>eiid;^efl  or  cilia,  vthieli  may  persist  through 
lifeor  in  eome  foniiH  be  replaced  in  the  adiilt  stage  by  siictoria.  They 
reproduce  chiefly  by  fiiisioii,  or  buddirg.  .Viiioiig  the  ciliated  infu- 
soria, few  if  aiij'  are  pathogenic  in  man.     The  Jiiilaiitiilmia  coU  is  an 


OOLI.    Afler  Bniin. 

ovoidal  oi^nism  from  0.06  to  0. 1  mm.  long;  it  is  a  common  parasite  of 
swiiio  iu  some  regions,  and  linis  l>een  found  a  few  times  in  the  intestinal 
tract  (if  man  under  conditions  wliich  indicated  its  possible  pathogenic 
Higiiificance. 

Mathoda  of  Study  of  the  Protozoa. 

The  pmtoKoa  niny  be  stuUk'd  in  the  living  <*rimlitiori  i'ithi.'i'  in  the  fluida  In  wlifcli 
they  aru  found  or  in  tliree-qiiarter-per-cent  salt  siilutiiin.  Tliey  limy  liu  killed  und  pre- 
Kervtil  by  allowing  a  drop  of  OD<'-]icr-ccDt  osmic  acid  to  run  under  tlie  rover  glass,  and 
n-pliicing  this  after  an  hour  by  glyceriu  lightly  tiugcil  tvitli  cosin.  Or  tliry  may  he 
killed  by  itubtinuCe  solution  and  stained. 

yinay  of  the  smaller  fonns  sliow  well  wlii'u  dricil  ou  llic  onvrr  glass  und  staint-d  liy 
the  aiiilin  dyes  by  the  methods  used  for  bai'terla  (set-  p.  152). 

The  movements  of  the  AnitelNiroH  in  the  f:i.'ce3  nr  in  the  ecmU'iits  of  ubsccssea 
which  fn.'<iuently  contain  tfieni  in  ennnnuus  nunibers,  may  be  studied  on  tlie  wni'in 
Htagc  in  tb rue-quarter- per-ceut  salt  solution.  Its  morphology  may  be  studied  in  tissue 
(.'ODtaining  it,  such  as  intestinal  ulcers,  absces,ses.  etc..  which  have  been  hardened  iu 
dlcohol  and  stained  cither  witli  methylene  blue  or  liieniato\yliii,  the  foniier  being  espe 
rially  commended  by  Cnuncilman  and  Lafleur. 

The  altcinpts  to  obtain  piii*  cultures  of  certain  foiuis  of  Amu'ha  and  similar  or 
iillled  forms  of  protozoa  have  been  gwrtially  successful.  The  inethoi]  by  which  McXeal 
and  Novy  obtained  pure  culture  of  trypanoaomcs,  namely,  by  the  use  of  ordinary  nutri- 
ent agar  containing  rabbits'  blood,  is  of  higli  pniinisi-  in  related  forms  of  pi'otozoii.  For 
details  of  this  method  as  well  as  a  rennme  of  the  cultivation  of  pnilo/.ou,  consult  MeXcil 
and  Awry,  "Contributions  to  Medical  Itesearch.  Vaughau  Anniversary  Volume,"  1903, 
p.  IMS. 


Worms. 

TBEHATODA  (Fluket). 

Tiiese  worms  are  small,   flat,  tong tie- sli aped,  or  leaf-like  creattirps, 
with  an  intestine,  and  a  discoidal  stractiire  on  thr  nntlcr  snrfsjce,  by 
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meaos  of  which  they  attach  themselves.  There  are  several  genera  aud 
species  fotiud  in  man.  The  most  common  genus  is  Digtoma.  Of  these 
D.  hepaticam  is  of  most  frequent  occurrence  (Fig.  57).  It  is  about  30 
mm.  long,  and  usually  occurs  in  the  gall  ducts  and  gall  bladder.  The 
enibiyos  are  often  attached  to  water  plants,  from  eating  which  the 
infection  is  believed  to  occur.  D.  lanceolatum  is  more  slender,  pointed 
at  the  ends,  8  to  10  mm.  long,  and  has  been 
foundafew  times  in  the  gall  bladder  D.ainenae 
is  a  slender  worm  about  15  mm.  long,  and  has 
been  found  in  the  bile  in  considerable  num- 
bers, particularly  in  the  Chinese.  I>.  hwrnato- 
Mum  is  a  more  nearly  cjiindrical  worm;  the 
sexes  are  distinct ;  the  male  from  12  to  14  mm.  long,  the  female  16  to 
18  mm.  long,  and  occurs,  especially  in  Egyptians,  in  the  portal  and 
other  abdominal  veins. 


CB8T0DA  {Tape  Worim). 

These  imiwrtant  worms  consist,  in  the  mature  state,  of  more  or  less 
rectangular  or  elongated  segments,  each  one  of  which  repreeeats  a  single 
individual,  arranged  in  a  linear  series  to  form  a  colony,  at  one  end  of 
which,  called  the  head,  is  a  variously  formed  structure  for  the  attach- 
ment of  the  colony  to  its  host.     The  neck  and 
head  are  called  the  scoUx,  while  the  segments 
are  called  proglottides.      These  worms   have 
neither  mouth  nor  alimentary  canaf.     They 
are  hermaphrodites,  the  sexes  being  united  in 
the  prc^lottides.     The  head  and  neck  (scolex) 
may  exist  as  an  immature  form  in  various  tis- 
sues and  organs  where  they  are  encysted,  and 
are  often  called  cysticercus. 

T<enia  solium  is  of  frequent  occurrence  iu 
man.  It  umy  be  several  metres  in  lengtb,  and 
may  be  cxtilcd  up  or  stretched  out  in  the  small 
intestines.  Several  worms  may  be  in  the  gut 
at  one  time.  The  head,  about  the  size  of  a 
pin's  head  (Fig.  58),  has  a  projecting  probos- 
cis or  I'ostellum,  around  which  are  arranged 
a  double  row  of  horny  booklets.  Below  these 
are  four  sucking  di.scs  at  the  sides  of  the  head. 
The  booklets  of  the  anterior  row  are  lai'ger 

_  than  those  in  the  posterior  row,  and  are  from 

Fiii.  i«.— Head  oi' T:i!HiA  soLiLM.  ,  _,,  ,       -, 

Bbuutw.  0.10   to  0.18  mm.   long.      The  proglottides, 

when  fully  developed,  are  from  10  to  12  nmi. 

long  aud  from  5  to  6  mm.  wide,  but  those  nearest  the  head  are  much 

shorter  and  immature.     The  eggs  of  T.  solium  are  o\-oidal  structures, 

about  O.o:)  mm.  iu  diameter.     The  embryo  of  this  worm  is  most  com- 
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nioiily  seen  in  the  muscles  of  the  pig  as  an  encysted  scolex,  commoDly 

called  a  "measle."     It  occasionally  occurs  in  man  in  the  muscles,  brain, 

eye,  etc.,  and  is  called  cysticercus  cellidotuB.     It  is  usually  about  the  size 

of  a  pea,  but  may  be  as  lai^ 

as  a  pigeon's  egg  and  sniround- 

t  ed  by  a  connective- tissue  cap- 

l  snle. 

\ '  Infection   with    the    worm 

I  I         occurs  in  the  human   subject 

I         from  the    ingestion    of  insuf- 

ificiently  cooked  "measly " 
pork,  or,  in  the  case  of  cysti- 
cerciis  eellulosffi,  fi'om  the  in- 
gestion of  the  eggs,  which  may, 
in  a  variety  of  ways  in  un- 
cleanly persons,  get  into  the 
food. 

Twitm     viediocanellata     (T. 
no.  so.-Tj.si*  xKDiopiNiiLLiTA.    Hill)  iND  PRO-     saffiiiata       Leuckart).  —  The 
(iLorriniB.  1^^^    ^f   jj^jg  ap^^igg  jj,  gome- 

B.'  ™iure  p.^T..'iid.  aboviiut  (renenuve  >pp«ntua.         what  cuboidal,  with  neither  ros- 

(,-,  he«l  «nil  trapDenu  o(  Immature  proKlollldM,  8ho«-       tcllum    UOr   hOOklctS,   but    With 
Inctrnduil  UperlnKOl  Uk  neok.    Natural  ilKe.  .  ,  .  ,■  ,^.         

four  sucking  discs  (Fig.  59), 
The  segments  am  generally  broader  and  shorter  than  in  T.  solinm,  and 
the  worm  is  usually  larger.  In  the  embryonal  form  the  scolex  occurs 
as  the  Cysticercwt  twnia  mediocanetUita;  in  the  form  of  small  cysts  in  the 
muscles  of  cattle,  from  the  eating  of  which  iu  the  uncooked  condition 
the  iufcction  occurs.  This  is  the  most  common  tiipt'wonn  in  the  United 
States. 

Taraia  echhiococcug. — This  worm  in  tlie  mature  condition  forms  a 
short,  small  colony  inhabiting  the  intestine  of  the  dog.  The  head  is 
about  0..3  mm.  in  diameter  and 
has  a  double  row  of  booklets 
around  the  rostelliuu.  The  pro- 
glottides are  three  or  four  in 
number,  the  hist  being  the  latter. 
The  entire  colony  is  not  more 
than  4  to  5  mm.  in  length. 
The  HignificAiice  of  this  parasite 
in    human    pathologj'    depends 

upon  the  cysts,  called  hydatids,  fw-  «u.-ri,-TTciLA  or  ccbin(«occi.-8  cvbt. 

which  it  forms,  in  the  immature 

or  cysticereus  stage,  in  various  parts  of  the  body.  Intimate  associa- 
tion with  dogs  favors  the  acquirement  of  this  parasite.  AV'licn  the  e^s 
of  the  mature  worm  get  into  the  intestinal  canal  of  man  tlie>-  undergo 
partial  development  and  find  their  way  into  the  ti.'^^ues  and  oi^ans, 
most  frequently  into  the  liver.     Here  cysts  are  formed  which  become 
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eucapsulated  by  a  conue<;tive-tis8ue  luembraQCe  produced  by  the  inflam- 
matory i-eaction  of  the  organ. 

The  cyBt  wall  of  the  parasite  is  formed  of  two  layers — an  onter,  flut'ly 
laniellated  layer  oaDed  the  mtieula  (Fig.   60),  and  an  inner,  granular 
layer,  coutainiog  muscle  fibres  and  blood-vessels,  called  the  pareii<:/>i/ma- 
lom  layer.     Inside  of  the  pHmary 
cyst    secondary    cysts    sometimes 
form,    called    daughter    cysts,    and 
within    the    latter   tertiary  cysts, 
called  granddaughter  cysts,  may  de- 
velop.   On  the  inner  sui-face  of  the 

cysts,   either  primaiy,    secondary,  ; 

or  tertiary,  the   scolices  or  heads 
of  the  immatni'e  worm  are  formed. 
These  develop  in  the  walls  of  the 
pediculated   \'esicles    called   brood 
capsules.     The  walls  of  these  vesi- 
cle.s  have  a  lamellated  cuticula  and 
a  parenchymatous  layer  similar  1 
those  of  the  primary  cysts.     The 
scolices,    of  which   there   may  be 
several  in  each  brood  capsule,  are  similar  to  the  heads  of  the  matiire 
tapeworm.     They  are  about  0.3  mm.  in  diametei-,  having  a  rostelliim 
suri-ounded  by  a  double  row  of  booklets  and  four  sucking  discs  (Fig. 
61).      At  the  posterior  end  of  the  .scolex  is  a  pedicle  by  which  it  is 
originally  attached  to  the  wall  of  the  brood  capsule.     Little,  lamellated 
concretions  of  lime  salts  are  often  present  in  the  scolex.     The  anterior 
portion  of  the  scolex,  the  roatellum,  booklets,  and  suckers,  are  often 
invaginated  in  the  posterior  portion.     The  scolices  may  be  free  inside 
of  the  brood  capsules,  or,  owing  to  the  rupture  of  the  latter,  they  may 
be  free  in  the  cavity  of  the  primary  cysts.     They  may  die  aud  degen- 
4-rate,  forming  a  gninnlar  mass  in  which  the  booklets  may  be  embeddeil, 
or  the  booklets  may  be  free  in  the  brood  caiwules  or  in  the  prinmry 
cysts.     Sterile  cysts  are  often  fonnd,  that 
is,  thase   in  which  neither  brood  capsules 
nor  scoli4vs  are  developed. 

The  cysts  contain,  in  addition  to  the 
scolices,  a  clear,  gelatinous  fluid.  This 
fluid  may  become  turbid  by  admixtun' 
with  disintegrated  scolices  or  fragments 
of  the  parenchymatous  layer,  or  it  may 
contain  fattv  detritus,  cholesteriu  ci-ystals, 
and  particles  of  lime  salts.  The  fluid  may 
be  partially  absorbed,  leaving  a  thick, 
grnmoiis  material  within  the  cysts,  which  may  become  calcified  or 
eon^erted  into  a  stony  mass.  \Vlien  the  scoliws  are  not  found  entire 
the  diagnosis  may  be  made  by  the  discovei)-  of  the  separate  booklets 
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(Fig.  62)  or  fragments  of  the  characteristically  ]aniellat«d  cyst  walls. 
The  connective-tissue  walls  of  the  primary  cysts  may  become  fatty,  or 
caseoos,  or  calcified. 

Sometimes  the  secondary  vesicles  project  ontward  instead  of  inward, 
forming  a  series  of  cysts  outside  of  the  primarj-  one.  This  variety  of  de- 
velopment is  sometimes  seen  in  man,  but  is  more  common  in  the  domestic 
animals.     It  is  called  Echinoecocus  scoleciparieiis  or  exogena. 

Another  variety  of  echinocoecus,  called  E.  muMoadaris,  is  almost 
always  found  in  the  liver,  and  appears  to  be  the  result  of  incomplete 
and  disturbed  development  of  the  embryos  or  cysts.  It  consists  of  a 
congeries  of  irregular,  usually  small  cysts  (Fig.  S72,  page  fi09),  surrounded 
by  broad  and  narrow  bands  of  connective  tissue,  and  sometimes  contain- 
ing gelatinous  fluid  and  scolices  or  booklets;  but  the  latter  structui-cs 
are  commonly  absent  or  difficult  of  detection.  The  whole  is  often  sur- 
rounded by  a  dense  connective- tissue  capsule  which  may  be  calcified. 
The  entire  mass  often  presents  an  alveolar  structure  and  was  formerly 
regarded  as  a  tumor — alveolar  cancer.  The  diagnosis  may  be  established 
by  the  discovery  of  the  booklets  or  scolices,  or  fragments  of  the  lamel- 
lated  cuticula.     This  form  of  the  parasite  is  mre  iu  Ajnerica. 

Tberc  are  four  or  five  olla-r  spccicn  of  ttenia,  occurring  rarely  in  man. 

Tania  nana. — This  species  occurs  in  tlic  form  of  small  colonies,  about  15  mm.  iu 
length.  The  rostellum  \a  surrounded  by  &  single  row  of  hooklels.  It  bas  been  seen 
once  in  large  numbers  by  Bilharz  in  the  duodenum  of  a  ebild  wliicli  died  of  meningitis 
In  Cairo.  Tirnin  fiawpanetatii.  a  species  about  whjcb  little  is  known,  is  reported  twice 
in  America  as  occurring  in  the  intestine  of  young  children.  Tiriita  madag/ueiirieiimH, 
also  little  known  and  rare,  iias  been  seen  in  two  children  in  Madagascar. 

Tania  fiicnmeriiuf. — Tliis  species  occurs  in  colonies  about  SU  cm.  long,  Tlie  liead 
is  very  small  and  spheroidal,  and  bas  four  rows  of  booklets.  It  is  fre(|uent  In  tbe 
small  intestines  of  dogs  and  cats.  It  occurs  occasionally  iu  man,  Itssculex  inhabits  the 
dog  touse.  and  infection  may  occur  in  man  by  the  transference  of  the  lice  or  theembryos 
of  tbe  parasite  to  the  mouth,  as  the  result  of  the  filttiy  liabit  of  kiHsing  dogs  and  cats  or 
permitting  the  fane  to  be  licked  by  them, 

ButhruKepAalii*  UUUf. — This,  the  largest  of  the  tiuman  lapeworms.  has  very  l)road, 
quadrangular  proglottides.  The  liead  in  ovoi<lul  and  about  2  mm.  long  and  1  mm. 
broad.  It  has  no  proper  sucking  discs  and  no  booklets,  but  by  long  grooves  on  either 
side  of  the  head  the  animal  attaclies  itself  to  its  host.  The  neck  is  long  an<l  filiform. 
It  occurs  most  frequently  In  Europe,  particularly  in  the  northern  provinces.  The  eggs 
undergo  partial  development  in  water,  and  are  taken  up  by  the  pike  sJid  eel-pout,  and 
perhaps  by  other  fresh-water  fish,  from  the  ingestion  of  wliose  flesh  in  an  imperfectly 
cooked  condition  the  human  infection  occurs.  Two  other  species  of  Bothriocephalua 
have  been  described  as  of  rare  occurrence  in  man:  B.  eordatiu  in  Greenland  and  Iceland. 
and  B.  m»tatut. 

HKHATODA  (Round  Warmt) 

These  worms  are  iu  general  cylindrical,  elongated,  usually  pointed  at 
the  ends,  and  sometimes  filiform.  The  siirfsu'c  i.s  sometimes  smooth,. 
Bonietimes  irregularly  beset  with  hairs  and  papillie,  or  i)ossesses  longi- 
tudinal elevated  strite  or  transverse  rings ;  but  the  body  is  not  s('gniente<l. 
There  is  a  mouth  at  the  anterior  portion,  and  a  ventral  anus  near  the 


Digitized  by  Google 


138 


ANIMAL  PAKAHITE8. 


posterior  end.     The  intestiDe  is  straight.     The  sexes  are  in  most  forms 
distinct,  the  male  being  iu  general  smaller  than  the  female. 

AscarU  lumbricoidea. — This  is  one  of  the  most  common  of  the  homau 
intestinal  parasites,  and  is  of  particularly  frequent  occurrence  in  chil- 


FIO.  64.-BnOS  OF  NBHtTODK  WOHHa. 
.  ERga  o[  Aararla  Inintirlcoldes,  X  about  30Ol    B.  etOR 


FIO.  63.— AWil 

A.,  Hale.    B,  Female.    Alter  Peiit. 

dreii.  It  is  of  a  light-brownish  or  reddish  color.  The  female  is  from  30 
to  40  cm.  long  and  from  5  to  6  mm.  thick.  The  male  is  somewhat  more 
than  half  as  lai^  (Fig.  63).  Both  sexes  are  pointed  at  the  ends,  the 
posterior  end  of  the  male  being 
curved  into  a  spined  hook.  The 
eggs,  from  0.05  to  0.06  mm.  in 
diameter,  are  surrounded  by  an 
albumiuous  envelope  (Fig.  64  A) 
and  are  quite  resistant  to  destruc- 
tive agencies.  The  mode  of  de- 
velopment and  life  history  of  the.se 
parasites  are  not  very  well  under- 
stood. Their  usual  seat  in  man  is 
the  small  intestine,  but  they  may 
wander  iuto  the  stomach,  and  ex-  ' 
ceptionally  get  into  the  mouth, 

nose,  bronchi,  gall  passages,  peritoneal  cavity,  etc     They  may  be  single 
in  the  gut  or  present  in  great  numbers. 

Two  other  species  of  ascaris  have  been  found  in  man.     A.  maritima 
was  found  in  the  vomit  of  a  child  in  Greenland,  iu  an 
immature  condition.     A.   mystax,  a  tolerably  common 
I  form  in  cala  and  Aog^,  has  been  found  a  few  times  in 

I  man.     It  is  smaller  than  A.  lumbricoides. 

&  Oj-ffttris  remtieularis  (Threadworm   or  Finworm). — 

^  Tlii.s  species  is  very  small ;  the  female  has  a  pointed  tail 
and  is  about  1  cm.  long.  The  posterior  end  of  the  male, 
which  is  about  4  mm.  long,  is  blunt,  and  after  death 
E  somewhat  curled  (Fig.  65).  The  eggs  (Fig.  64  B)  are 
iwiHia  pioduced  ill  gi-eat  numbers,  are  oval,  and  about  0.052 
mm.  long.  This  para.site  is  very  common  in  children, 
and  may  be  present  in  large  numbers  in  the  colon. 
This  worm  is  known  to  infest  only  the  human  subject,  and  infection 
doubtless  occurs  by  the  ingestion  of  the  eggs,  which  are  widely  dis- 
tributed in  a  variety  of  ways  on  many  objects,  fruits,  etc. 


Fia.  «6.-<i<ivi'Ria 
A,  Female.   B.  Uale. 
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Stt-migylut  gigm. — ^This  is  a  slender  red  worm,  tbe  female  being  some- 
times 1  metre  long  and  over  1  cm.  in  diameter.  It  has  been  found 
several  times  in  the  pelvis  of  the  kidney  in  man.  It  iB  more  common  in 
the  wolf,  fox,  horse,  seal,  and  some  other  animals. 

t^n/offylas  Umgevoffinatus. — The  female  is  about  2.5  cm.  long,  tbe  male, 
as  iisnal,  shorter.  It  is  of  a  yellowish  white  color,  and  has  been  found 
once  in  the  lung  of  a  boy  in  Germany. 

Strongylue  »ubtUis. — A  very  small  species  (female  5.6-7  mm.  long)  has 
been  described  by  Loos  as  occurring  in  I^pt  in  the  human  intestine. 
But  it  is  believed  to  be  without  pathological  significance. 

Dockmiux  duodenali»  (Ankylostoma  duodenale). — The  female  is  from 
1  to  2  cm.  long,  the  male  about  1  cm.  long.  Tbe  body  of  the  male  is 
dilated  anteriorly  and  curved  backward.  Its  mouth  is  furnished  with 
a  chitinous  capsule  and  chitinoiis  claws  and  teeth.  It  is  found  in  the 
small  intestine  of  mau  in  Italy,  Switzerland,  Egypt,  and  Brazil.  Tbe 
head  is  burrowed  into  the  mucous  membrane  of  the  host,  and  the  animal 
is  nourished  by  the  blood  which  it  sucks  out,  and  which  is  usually  seen 
in  its  intestine.  An  ecchymosis  is  pnxlueed  at  tbe  point  of  attachment, 
or  even  severe  hfemorrhage,  and  marked  aniemia  may  be  the  I'esult  of 
the  presence  of  large  numbers  of  the  parasites. 

Triehocephalm  dispar  (Whipworm.) — The  males  and  females  are  of 
nearly  e(|ual  size,  4  to  5  em.  long.  A  little  less  than  one-half  of  the 
body  (the  i>o8terior  portion)  is  about  1 
mm.  thick,  and  in  tbe  male  is  rolled  into 
a  flattened  spiral,  but  in  the  female  is  but 
slightly  t)ent.  The  anterior  part  of  the 
body  is  ^ery  slender  (Fig.  60)  and  is  em- 
bedded in  the  mucous  membrane  of  the 
host.  The  efi^s  ai-e  elongated,  oval- 
shaped,  about  0.05  mm.  long  and  about 
one-half  as  wide,  with  a  thick  brown  capsule.  This  parasite  is  very 
common  in  some  countries,  especially  in  France  and  southern  Italy.  It 
is  commonly  found  in  the  ciccum,  usually  in  small,  but  sometimes  in 
very  large,  numbers.  It  is  generally  of  little  pathological  significance, 
commonly  producing  no  .symptoms.  Its  dc\'elopmental  historj'  is  not 
well  known. 

Trichina  spiralis.— Thu  female  of  this  common  parasite  is,  in  the  ma- 
ture condition,  about  3  mm.  long,  the  male  from  1  to  1.5  mm.  long;  they 
are  filiform  in  shape  and  white  in  color.  Tlie  young  are  born  in  the 
form  of  tiny  worms  almut  0.01  mm.  in  length  and  somewhat  similar  to 
the  adnlt  in  shape.  Infetttion  occurs  in  man  from  the  ingestion  of  in- 
sufficiently cooked  pork.  Tbe  muscle  of  the  diseased  pig  contains  the 
embryos  of  the  parasite  in  an  encjstcd  condition.  In  the  stomach  the 
capsule  of  the  worm  is  dissolved  and  the  embrjos  are  set  free.  They 
very  rapidly  mature,  increasing  in  size,  and  the  females  give  birth  in 
the  small  intestine  to  very  large  niunbers  of  young.  It  is  estimated  that 
a  single  female  may  give  birth  to  from  1,300  to  1,500  young.    These  find 
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their  way,  tbrough  the  mucous  membrane  and  wall  of  the  gut,  into  vari- 
ous parts  of  the  body. 

The  exact  course  which  they  take  in  getting  out  of  the  gut  is  not  fully 
established ;  probably  they  traverse  the  tissaes  in  lUffei'eut  ways.  At 
any  rate,  they  find  their  way 
to  I  he  voluntary-  striated 
muscle  tissue,  which  they 
penetrate,  and  enter  the 
muscle  tibi-es.  Here  they 
canso  a  disint^ration  of  the 
contractile  substance,  and 
coil  themselves  inside  of  the 
sarcolemma.  In  this  situa- 
tion they  become  encapsu- 
lated by  tnateriat  in  part 
famished  by  themselves,  in 
part  by  means  of  the  iutlam- 
Fio.  w.— TBicHiNA  spiBiUB.  matory  reaction  which  their 

TDe  puwltni  are  eni'rupd  In  muwlr.    In  one  ataule  tiK    presence   illduces  in  the  COU- 
p«™t,^lu..^.«l,«idtb^p^„Lirrna.^rU.1  reptarli*  1. 1.  «.!-    ^^^-^.^  j.j^^,^  ^j-  ,^g  ^,^|^ 

The  worms  are  surrounded 
inside  the  capsule  by  granular  material  (Fig,  67).  The  capsule  after 
a  time  becomes  partially  calcified,  and  in  this  condition  may  be  readily 
seen  by  the  naked  eye  as  a  tiny  while  speck.  lu  this  encysted  state  they 
may  remain  inactive  but  living  for  an  iudefinite,  often  for  a  very  long 
time.  Most  frequently  the  c>"Rfs  contain  but  one  embryo,  but  they  may 
contain  from  two  to  foui'.  The  embi-jo  may  die  and  its  I'emaitis  become 
ciUcified. 

The  same  course  of  events  follows  when  the  muscle  trichiuse  ai-e  eaten 
by  the  pig  or  a  variety  of  other  aninmls. 

The  embiyos  in  the  muscle  are  killed  by  a  temperature  of  55°  C,  and 
by  some  of  the  methods  of  curing  pork. 

The  embryos  may  matuiv  and  a  new  genei-.ition  be  boi-n  within  from 
five  to  eight  days  after  the  ingestion  of  the  diseased  meat. 

At  the  ivsult  of  the  pivsenc^-  of  Ihese  parasites  in  the  body,  if  the 
invasion  be  severe,  nutrition  maybe  impaired  and  catarrhal  enteritis, 
brouoho-pnenniouia,  hyp<^rplasia  of  1  lie  nu'senteric  lymph  nodes,  and  fatty 
degeneration  of  the  liver  may  occnr,  Leucocytosis  with  a  great  increase 
in  the  imnilier  of  eosinophilc  cells  is  common.  The  encapsulated  em- 
br>os  may  he  found  in  enormous  numbers  in  various  voluntaiy  muscles 
of  the  body,  but  they  are  most  a]>t  to  be  found,  when  not  very  abundant, 
in  the  muscles  of  the  neck  and  larynx,  in  the  intei-costals  and  the  dia- 
phragm. They  tend  to  collect  toward  the  tendinous  extremities  of  the 
muscles.     Trichina"  also  occur  in  the  mt,  cat,  mouse,  and  other  animals. 

Filana  mediiienii  (Ouinea  worm).— This  is  a  fhi-ead-like  woi-m;  the 
female,  which  is  aloue  known,  being  sometimes  as  much  as  80  cm.  long 
and  from  0.5  lo  1.7  mm.  thick.  It  is  common  in  the  East,  and  inhabits 
the  subcutaneous  connective  tissue,  in  wliich  it   often  gives  rise  to  ah- 
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B  and  ulcers.  The  enibryoa  live  for  a  time  fi«e  in  fi^eah  water,  and 
are  then  takeu  up  by  a  species  of  fresh-water  crustac«aii,  in  whose  body 
they  undergo  further  development,  and  by  the  ingestion  of  which  the 
infection  of  the  human  subject  occurs. 

FUaria  sanffu'mis  hominis. — The  embryo  of  this  parasite,  which  inhabits 
the  blood  and  lymph  of  mau,  especially  in  Brazil,  Egypt-  ^nd  some  pai-ts 

j—..,,^^  of  the  Orient,  and  occasionally  occurs 

iV^'^^^^saa^^^^^^'—      in   this  country,  is  about  0..'15  umi, 

^         //\V  '*'°^'  ''*'"'"'J^*i  anteriorly,  and  pointed 

Kfl  at  the  tail  (Fig.  68).     It  has  about 

^-^  the  diameter  of  a  red  blood  cell.     It 

""'*"oi"w™''f^»THrB^Dr^^""  occurs,  sometimes  in  great  numbers, 

in  the  blood  during  the  uight  time, 

being  as  a  rule  absent  daring  the  day.     It  may  occur  in  the  urine  in 

connection  with  chyluria  aud  hfematuria.     The  mature  female  is  from 

8  to  10  cm,  long,  and  has  been  found  inhabiting  the  lymph  vessels  of 

man,  particularly  in  the  scrotum  and  lower  extremities.     Owing  to  the 

obstructions  which  it  causes  in  the  lymph  circnlation,  and  to  the  local 

irritation  which  its  presence  induces,  it  sometimes  giie  rise  to  lymjih- 

angiectasis,' cedema,  abscesses,  and  perhaps  elephantiasis.     One  of  the 

embryonic   stages  of  development  is  belie\'ed  to  take  place  in  the  body 

of  a  species  of  nocturnal  mosqnito.     Through  the  bodies  of  the  dead 

mosquitoes,  which  are  liable  to  fall  into  the  drinkiug-water,  it  is  believed 

that  the  spread  of  thS  parasite  may  occur. 

There  are  several  other  species  of  filaria  occasionally  found  in  man 
which  it  is  not  necessary  to  enumerate  hei-e.' 

Rhabdanema  utrongyloidfs. — A  small,  filiform  worm  from  1  to  2  mm. 
in  length  is  found,  often  in  enormous  numt>ers,  in  the  intestines,  biliary 
and  pancreatic  ducts  of  man  in  Cochin  China  and  in  Italy,  giving  rise  to 
endemic  dian'hcea.  It  has  t)een  thought  that  there  are  at  least  two 
species,  which  ha\e  been  described  under  the  generic  name  AffuiUuJa,  but 
recent  researches  by  Leuekart  have  led  him  to  believe  them  to  be  differ- 
ent deielopmeutal  stages  of  the  same  fomi,  for  which  he  suggests  the 
above  name, 

Hethods  of  Studjr  of  Worms, 

Filaria  sanguinis  may  Ix?  prcwrvnl  by  iircpiiriiig  a  smear  of  tlie  blowl  <'mitaiiiiDg 
it  (HI  a  slifte  in  Ok-  usual  way  {see  ]i   SS3),  lUiU  staiiiiiit'  witti  iiietliylcne  blue. 

The  larger  iiarasites  ii)ay  Iw  lianlcmil  in  fomialin  aud  studieii  wLnle  after  delijdra- 
tion  in  uleoliol  ami  clearing  iu  oil  of  eedar  or  origanum.  Or  sections  may  be  mode  ufter 
«»il>edding.  and  stuincd  and  mounted  in  tlie  usual  ivay. 

The  exuminutiui)  of  muscle  for  tricliiiia  is  often  of  great  practical  importance.  For 
this  purpose  small  jiieces  of  fresh  muscle  ore  squeezed  into  a  lliiii  abeet  between  two 
slides,  and  cxamineil  witli  a  low  power  A  considerable  number  of  bits  of  muscle  sliou Id 
Ik-  examined,  particularly  from  the  above-mentioned  favorite  situations,  before  exclud- 
ing them  In  a  suspected  case,  because  they  are  sometimes  present  in  small  numbers.  A. 
thorough  search  is  of  special  iinpormticc  in  the  examination  of  pork,  nincc,  owing  to 

'  For  a  study  of  filarial  lymphatic  varlxsec  (J}ni;  Trans.  As-in.  Ain.'Phys.,  vol,  xvi., 
p.  814 

'For  bihliogniphv  consult  hithn-ji  mid  I'nitt,  Am.  Jour.  Mcil.  !' 
p   52.1.  IflOO 
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B  fertility  of  tlie  parasites,  eveo  a  moderate  Duiol>er  may  give  rise  lo  a 
severe  iofectioD. 

For  tlie  minute  examiiiBtioa  of  the  parasite,  bits  of  muscle  ehouUt  be  hardooetl  in 
Orth's  fluid  and  alcohol,  ducalciflcd  if  necessary,  and.  after  embedding  in  celloidiD.  thin 
sections  cut  aad  staioed. double  with  hematoxylin  and  eosin,  and  mounted  iu  balsam. 
Bits  of  muscle  may  be  also  leased,  the  embryos  picked  out  with  a  needle,  and  the  cysts 
either  broken  open  under  a  lens  with  the  needle,  or  squeezed  under  the  cover  glass. 
The  embryo  worm  thus  set  free  may  be  mounted  in  a  mixture  of  equal  parts  of  glycerin 
and  picric  acid.  The  adult  forms,  whicli  may  be  obtained  by  feeding  rabbits  willi  un 
cooked  trichinouB  muscle,  and  examining  after  the  proper  interval,  may  be  hardened  in 
Orth's  fluid,  and  mounted  in  a  mixture  of  equal  parts  of  picric  acid  and  glycerin,  or 
in  the  same  mixture  which  has  been  lightly  tinged  with  eosin. 

Arthropods. 

The  scope  of  this  work  does  not  permit  us  to  enter  in  detail  into  the 
subject  of  external  parasites,  which  will  be  found  described  in  treatises 
on  diseases  of  the  skin  or  in  the  general  works  on 
parasites  referred  to  below.  But,  owing  to  their 
frequent  occurrence  and  practical  iniportauce,  we 
may  briefly  describe  two  of  tlie 
more  common  forms  of  arthro- 
pods, the  "  itch  insect "  and  the 
"louse." 

The  common  "itch  insect" 
—  Sarcopten  hommU  (Amrus 
seabiei)  is  shai>ed  somewhat 
like  a  turtle,  with  a  chitinons 
covering,  and  presents  the  gen- 
_  eral   appearance  seen  in   Fig, 

""""" 69.     The  female  is  about  0.45     wmi" 

Female:  back   view.    Atler  ,  ,  ,  ,.    , 

piireieDiwTs.  mm.    long,  the    male  a  little       uaie.  ArurBnun. 

smaller. 
The  parasite  bores  little  tunnels  in  the  skin,  in  which  the  eggs  are  laid 
and  the  young  hatched.  After  a  few  days  these  bore  fresh  channels  in 
the  skin.  For  their  detection  a  bit  of  the  superficial  layer  of  the  skin  is 
snipped  out  with  curved  scissors,  dehydrated  and  cleared  up  with  oil  of 
cloves,  and  examined  under  a  low  power,  when  the  tunnels  and  the  para- 
sites, if  present,  will  be  readily  visible. 

The  bead  louse,  Pedi-nihm  capitis,  is  from  1  to  2  mm.  long,  the  female 
being  slightly  the  larger.  The  general  appearance  of  the  insect  is  seeu 
in  Fig.  70.' 

Hettaod  of  Study  of  Insecta. 
These,  if  small,  may  be  cleared  in  turpentine  and  mountetl  in  balsam,  or  ^tections 
may  be  cut  after  eml>edding  in  paraffin. 

'Bibliography. — Especially  to  be  recommended  for  detailed  description  of  human 
and  animal  parasites  is  the  small  work  of  Moiiifz.  "Traite  de  Parasitologic,"  Paris,  1896. 

Consult  also,  especially  for  the  forms  of  eee»  and  other  parts  of  animal  paiasiles 
which  may  be  fount!  in  the  excreta,  mn  JiikKh,  Wood,  or  ^itaon,  or  other  works  on  clini. 
cal  microscopy. 

The  ItcporIB  of  tbc  Bureau  of  Atiimal  InilusCry  of  the  I'.  S.  DepartmenI  of  Agri- 
culture contain  many  valunblc  data  relating  to  animal  parasites  and  the  diseasi'S  of 
animals  in  tlie  L'nited  Elates. 
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CHAPTER  VI. 

PLANT  PARASITES. 

The  plaot  parasites  of  man  belong  among  the  simplest  of  living  or- 
ganisms. Tbree  distiuct  groups  are  of  frequent  occnrrence  in  or  upon 
the  body.    These  are : 

1.  Bacteria,  or  fission  fungi  (Schizomycetes). 

2.  YeasU,  or  yeast  fungi,  or  sprouting  fungi  (Blastomyeetes). 

3.  Moulds,  or  mould  fungi  (Hyphomycetes). 

The  first  group,  the  bacteria,  is  of  the  greatest  significance,  because 
it  contains  organisms  which  are  very  frequently  the  excitants  of  serious 
disease.' 

I.  Bacteria. 

HOBFHOLOOT,  PHT8I0L0OT,  AITZ)  DISTBIBirriON. 

Bacteria  are  minute  unicellular  plants  devoid  of  chlorophyll,  mnlti- 
plying  by  transverse  division  and  in  some  eases  preserving  the  species 
by  the  formation  of  spores. 

The  colorless,  sometimes  granular,  protoplasm  is  enclosed  by  a  mem- 
brane, and  some  forms  are  surroiintled  by  a  transparent  capsule.     Not 
infrequently  parts  of  the  protoplasm  appear  less 
*^*fi         ^^       dense  than  the  rest,  as  if  from  vacnolatiou,  and  a 
•^V        vC*    ^^^  observers  have  claimed  to  demonstrate  in  cer- 
^^*  ^       tain  forms  a  nuclear  structure.     Biit  owing  to  their- 
#^^^^^^  minuteness,  studies  of  the  structure  of  the  proto- 

\       1    ^^^         plasm  of  bacteria  have  thus  fai-  led  to  but  meagre 
V     €  ^_g  results. 

\  ^    ^  Many   of  the   bacteria,   especially   bacilli  and 

spirilla,  less  frequently  the  cocci,  have  hairrlike 
processes  called  JIagelia  which  are  apparently  or- 
gans of  locomotion  {Fig.  72).  These  may  be  single 
or  in  tufts;  may  be  at  one  or  at  both  ends  or  over 
the  general  surface.  Their  number  and  distribution  seem  sometimes  to 
be  characteristic  of  special  forms. 

Forms  of  Bacteria. — The  various  forms  of  bacteria  may  be  grouped 
into  three  classes  (Fig.  71), 

1.  l^eroidal  bacteria. — Cocci  or  micrococci  (singular,  coccus,'  micro- 

'  The  term  miero-organitm  includes  all  of  these  forma  of  minute  and  lowly  plants. 
They  are  sometimes  spoken  of  collectively  as  genn»  or  micrcbes. 
■Pronounced  kolf-ut.  plural  iM'-n. 
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2.  Rod  like  bfurUria. — Bacilli  (singular,  bacillus). 

3,  Spiral  bacteria. — Spirilla  (singular,  spirilttuu). 

All  straight  bacteria  which  have  one  axis  longer  than  the  other  are 
called  bacilli,  even  though  (he  form  is  oval  rather  than  rod-like.  The 
ends  of  bacilli  may  be  square  or 
rounded,  and  in  stained  preparations 
in  some  cases  concave. 

While  the  cocci  elongate  a  little 
in  preparation  for  fission  and  in 
this  condition  present  a  slight  ir- 
r^nlarity  in  the  length  of  their 
axes,  and  thus  resemble  bacilli,  the 
complete  observation  of  their  life 
(tycle  rarely  permits  error  in  the  de- 
termination of  the  primary  group  to  which  a  given  micro-oi^nism 
belongs. 

Some  bacteria  present  slight  modifications  of  the  fundamental  form 
in  certain  phasetj  of  their  growth  and  under  various  chemical  and  physi- 
cal conditions.  Thus  some  of  the  cocci  after  division  are  slightly  flat- 
tened on  their  contiguous  sides — biscuit-shaped;  certain  bacilli  may 
bulge  slightly  in  the  middle— c/osfridiuni  fonns;  others  may  be  larger  at 
one  cud  than  at  the  other — racket -shaped ;  bacilli  from  the  same  culture 
may  piesent  considerable  irregularities  in  breadth  and  especially  in 
length.  Tile  morphcdogy  nniy  <lifi'er  stmiewhat  under  diS'erent  growth 
eonditioiiH.  But  thes«- slight  variations  in  form  rarely  give  rise  to  serious 
dtflifulty  in  classiflcation. 

When  the  conditions  of  litV-  aiv  unfavorable  or  when  they  are  old, 
b:i<-teria  iua>-  contain  moiv  deepl.^'  staining  granules  called  mftachrmaatic 
graniilfK.  These  ha\e  IxM'n  regarded  by  some  as  spores,  but  they  appear 
til  lie  the  irsults  of  cytophismic  dcgenerution.  The  less  degenerateil 
portions  retain  the  stain. 

Finally,  when  Imcteria  are  plactnl  under  conditions  unfavomble  for 

the  iiiaiiiteiiaiKe  of  Iheir  life  processes,  and  when  they  are  dead,  they 

are  often   irregularly  swollen  and  contorted  or 

^   ^^  ^^     may  undergo  partial  disintegration,  giving  rise 

^^       A     J^r       to  what  are  known  as  "('nro/ufton  forms." 

^  ^g  While  all  bacteria  are  minute  there  is  among 

^f     m        ^r  them  considerable  diversity  in  size,  some  being 

M        "  miiiiy  times  larger  than  others.' 

When  the  Imcteria  are  about  to  multiply  by 

*\iy.-.   iPii>'iiiiK-<''K-.'iiH.>         lissiiin  they  elongate,  a  dividing  septum  fonns, 

they  lieconie  cnuslricted  at  a  right  angle  to  the 

axis  of  elongation,  and  finally  two  itidei>endciit  organisms  are  produce^!. 

The  multiplication  of  l)a<^1eria  by  fission  may,  when  the  conditions  are 

'  For  omvi'itii'iKi:  of  ex  [tn-ssion  tiikT()8(''>|)i8ls  Imvc  agrti'd  to  let  the  letter  ii  stand 

' '  li  is  iim'-thoiisamlHi  |>urt  of  ii  millinietre.    This  unit 

cntv-livc  IlioiiHaDiltli  of  iiii  iii(?li.  U  often  calleii  a 
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favorable,  occur  so  rapidly  as  to  give  rise  within  a  few  hoars  to  an  enor- 
mous number  of  new  individuals. 

lu  many  cases,  the  new  individuals  thus  developed  fall  apart  in  a 
form  identical  with  that  of  the  parent  CfU.  In  some  species,  on  the 
other  hand,  the  new-formed  indi- 
viduals are  prone  to  cling  together 
with  greater  or  less  tenacity,  thus 
giving  rise  to  growth  aggregates 
which  are  more  or  less  character- 
istic (Fig.  74).  Thus  among  the 
cocci  there  are  those  in  which  a 
large  part  of  the  new  individuals 
cling  together  in  pairs.  These 
\.        ^P  i-  \     .        forms  are   called    diploeocci.     In 

\ov  T"'/^  k»      J      others  the  pairs  cling  together  in 

—     TiS^  ^^  Jl   Jf  longer  aggregates  or  chains.    Such 

^^^  ^^  are  called  Mreploenca. 

A  similar  occurrence  in  the 
t>acillt  gives  rise  to  diplobaeiUi  and 
streplobaciili.  Some  of  the  spiral 
forms  are  due  to  the  close  junction 
end  to  end  of  oppositely  curveu 
segments.  Certain  long  thread-like  micro-organisms  closely  allied  to  the 
bacteria  are  called  leptotht-ir. 

Certain  cocci  divide  in  two  directions  at  right  angles  to  each  other, 
giving  rise  to  four  cocci  clinging  together  and  lying  in  the  same  plane. 
These  arc  called  tetrads  or  merimiopedia. 

Finally  cocci  may  divide  along  three  planes  at  right  angles  to  each 
other,  giving  rise  to  cuboidal  packets  of  eight  germs  or  some  multiple  of 
this — snch  growth  groups  are  called  »nrri(M( '  (Fig.  75). 

There  is  a  family  of  filamentous  or  brnnching  oi^anisms  which  are 
often  spoken  of  as  potymorpkona  or  highei  hadPiia,  (some  of  which  may 
indeed  be  links  between  the  bacteria  and  higher 
plant  forms.  Filamentous  bacteria  are  more  or 
less  distinctly  segmented,  and  the  segments  ma\  be 
enclosed  in  a  common  sheath.  The  modes  ot  re 
production  and  a  certain  specialization  of  fumtion 
in  dift'erent  paris  of  the  filaments  which  is  fre 
queutly  present  indioite  affiliations  with  higher 
forms.  By  this  specialization  of  function  is  meant 
the  attachment  of  the  threads  at  one  end  to  the 
substauce  on  which  they  grow,  and  the  fonnation 
at  the  free  ends  of  structures  which  api>car  to  be 
concerned  in  the  reprodnction.  Several  groups  of  these  organisms  have 
been  named,  but  few  of  them  have  as  yet  beeu  adequately  studied.     The 
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groups  afreptottrtar,  (^adothrix,  crenoihrix,  leptotkrix  may  be  named. 
AmoDg  these  the  streptothrix  is  of  most  significance  here,  since  patlio- 
genie  forms  are  known.  The  Streptothrix  actiiwrnyces,  and  closely  related 
species,  and  the  lesions  which  they  induce,  will  be  described  later. 
There  are  many  reasons  for  the  belief  that  the  forms  called  streptothrix 
and  actinomyces  are  more  closely  related  to  the  moulds  than  to  the  bac- 
teria, but  the  scope  of  this  work  does  not  permit  tke  discussion  of  the 
subject,  particularly  difQcult  as  it  is  on  account  of  the  confusion  of 
terms  and  the  lack  of  sufficient  knowledge  of  the  life  history  of  the 
organisms  involved  (see  Actinomyces,  p.  223). 

Tariationi  in  Formt. — Their  apparently  simple  stmctnre  aud  the  lowly 
position  which  bacteria  occnpy  in  the  scale  of  living  things  have  given 
rise  to  the  conjecture  that  marked  changes  in  form  within  tbe  limits  of 
the  primary  groups,  or  even  changes  from  one  primary  group  to  another, 
may  be  brought  about  by  alterations  in  en\'iroument,  food,  etc.  In  the 
early  days  of  the  exact  study  of  bacteria  this  belief  in  pleomorphiam  in 
bacteria  found  ready  currency.  But  the  more  exact  study  of  separate 
forms,  which  the  new  technique  has  made  possible,  has  led  to  the  general 
acceptance  of  the  view  that  variations  do  not  occur  except  within  com- 
paratively narrow  limits,  and  that  what  we  are  accustomed  to  call  species 
of  bacteria  maintain  their  morphological  characteristics  with  tenacity 
under  the  most  varied  changes  in  environment,  even  though  these  persist 
through  tbe  countless  generations  which  may  pass  within  the  limita  of  a 
single  experiment.  The  physiological  characters  of  bacteria  are,  as  we 
shall  presently  see,  subject  to  wide  and  significant  variation,  but,  so  far 
as  we  can  now  see,  nwnomorphism  widely  if  not  exclusively  prevails. 

Spores. — Under  a  variety  of  conditions,  the  limitation  of  which  are 
not  very  well  understood,  new  bacteria  are  produced,  and  the  species  is 
perpetuated,  not  by  simple  divisiou,  but  by  the  de- 
velopment of  spores.  The  most  common  mode  of 
spore  formation  is  called  endogenous.  A  small,  shin- 
ing moss  makes  its  appearance  within  the  proto- 
plasm from  which  it  is  formed,  grows  more  and  more 
distinct,  and  finally  appears  as  a  sharply  defined 
spheroidal  or  oval,  strongly  refractile  colorless  body  ^°-  '^^^t'^^^"^' 
surrounded  by  a  limiting  membrane  (Fig.  76),  which  TiKbodi»oru>ei»cuii 
can  be  separately  stained  aud  may  remain  within  »"  «««iiied  with  memj. 
the  cell  membrane  or  may  free  itself  by  degeneration  taoaiu. 
of  the  latter.  Endogenous  spore  formation  is  com- 
mou  in  bacilli,  rare  in  spirilla  and  in  cocci.  The  spores  appear  to  be 
surrounded  by  a  dense  envelope,  and  arc,  as  a  rule,  much  more  resistant 
to  deleterious  agencies,  such  as  heat,  drying,  chemicals,  etc,  than  are 
the  vegetative  forms  of  the  bacteria  themselves. 

Vacuoles  in  bacteria  are  often  mistaken  for  spores.  Spores,  when 
placed  under  fa\'orable  conditions  in  the  presence  of  moisture  and  nutri- 
ment, swell,  become  less  refractile,  and  develop  into  the  usual  vegetative 
form.     The  actual  obser^'ation  of  this  transformation  is,  in  doubtful 
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cases,  the  only  abaolnte  guarantee  of  the  spore  nature  of  these  bodies, 
thongh  staining  methods  are  uaeful.  Another  mode  of  sporulation — 
arthrvgenoui — has  been  described,  but  its  nature  is  not  iFell  understood. 

Conditiona  of  Life,  Growth,  and  Holtiplication.  — The  bacteria  require 
for  their  nutrition  carbon,  hydrogen,  oxygen,  and  nitrogen,  and  certain 
mineral  salta.  These  they  can  obtain  from  proteids  aod  carbohydrates. 
Free  oxygen  is  necessary  for  the  growth  and  activities  of  some  forms  of 
bacteria  and  for  others  not. 

Those  bacteria  which  require  free  oxygen  are  called  aerobic.  Those 
which  do  not  grow  in  its  presence  are  called  anaerobic.  But  between 
these  extremes  there  are  forms  which  make  shift  to  grow  without  oxygen 
under  favorable  conditions,  though  they  make  use  of  it  when  present ; 
others  grow  in  its  presence,  though  flourishing  best  in  its  absence:  these 
are  called /ocKitofipe  aerobes  or/acultaHve  anaerobes,  in  distinction  from 
those  first  mentioned,  which  we  call  obligate  aerobes  or  anaerobes. 

Nitrogen  may  be  obtained  by  some  bacteria  from  inorganic  salts  of 
ammonia,  from  nitrites  and  nitrates.  Bacteria  grow  best  as  a  rule  in  an 
organic  food  medium,  especially  soluble  albuminous  material  which  is 
neutral  or  slightly  idkaliue.  Most  of  these  materials  are  rendered  avail- 
able as  food  by  the  action  of  enzymes — inverting,  sugar-splitting,  proteo- 
lytic, etc,  often  given  oflF  by  the  organisms  and  acting  upon  the  albu- 
minous materials. 

Bacteria  are  active  only  in  the  presence  of  moisture.  When  this  and 
other  conditions  favoring  their  activity  fail  they  do  not  necessarily  die, 
but  some  forms  may  remain,  either  as  spores  or  as  fully  developed  organ- 
isms, for  long  periods  dry  and  inert,  but  capable  of  resuming  their  ac- 
tivity whenever  they  are  again  restored  to  favorable  conditions. 

Some  bacteria  are  and  some  are  not  very  sensitive  to  changes  of  tem- 
perature. At  a  temperature  below  +  5°  C.  they  are  incapable  of  marked 
activity  or  proliferation.  At  +  7°  C.  a  slow  growth  has  been  observed 
in  various  species.  Manyforms  may  remain  alivefor  long  periods  frozen 
in  ice,  while  some  are  not  killed  by  a  temperature  of  —250°  C.  As  the 
temperature  Ifi  raised  their  activities  increase  up  to  a  certain  point.  It 
may  be  said  in  general  that  they  are  most  active  at  about  the  temper- 
ature of  the  body,  although  species  differ  considerably  in  this  respect 
In  fluids  many  bacteria  are  killed  by  a  prolonged  exposure  to  a  temper- 
ature of  from  50°  to  70°  C.  or  even  less.  Ou  the  other  hand,  certain 
species  grow  at  a  temperature  of  from  60°  to  75°  0,  Such  are  called 
thermophilic  bacteria.  When  dry  they  resist  much  higher  temperature 
than  when  moist.  All  known  bacteria,  save  a  few  very  invulnerable 
spore-forming  species,  are  killed  by  a  short  exposure  in  the  presence 
of  moistnre  to  a  temperature  of  100°  C.  The  spores  are,  as  a  rule,  more 
resistant  to  high  temperatures  than  the  bacteria  themselves,  some  having 
been  exposed,  dry,  to  a  temperature  of  140°  C.  without  destruction  of 
life.  Fluids  containing  the  spores  of  bacteria  which  resist  verj-  high  teni- 
perataresmay  be  sterilized  Joy  boiling  for  a  short  time,  then  being  allowed 
to  stand  at  ordinary  temperatures  for  several  hours,  and  then  again  boil- 
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lug;  this  process  being  repeated  several  times.  Iii  tliisway,  although 
the  spores  themselves  are  not  killed  by  the  heat,  the  ba^rteria  into  which, 
if  the  conditions  be  favorable,  they  develop  during  the  intervals  are 
killed,  so  that  finally  the  me<linm  is  entirely  freed  from  both  living 
spores  and  adult  bacteria.  Strong  light  is  in  general  inimical  to  the  life 
and  growth  of  bacteria,  and  by  direct  sunlight  many  forms  are  readily 
killed.  Various  forms  of  electricity,  rapid  and  continued  vibration,  the 
action  of  radium,  etc.,  may  kill  bacteria. 

Motility.— Some  bacteria  are  capable  of  performing  rapid  movements, 
others  are  not ;  and  the  same  form  may  be  at  one  time  motile  and  at. 
aoutber  immotilc.  depending  upon  external  conditions.  Movement  is 
largely  confined  to  the  rod-like  and  spiral  forms,  but  has  been  observed 
in  the  spheroidal. 

It  has  been  shown  that  certain  of  the  motile  bacteria,  when  suspended 
in  fluids,  are  atti-acted  toward,  or  repelled  from,  dissolved  chemical  sub- 
stances. This  is  (allied  chcmotaxis  (see  p.  Ill),  and  it  is  termed  positive 
or  negative  according  as  the  organisms  are  attracted  or  repelled, 

Oermioides. — Certain  chemical  agents,  when  brought  into  contact  with 
bacteria,  greatly  reduce  their  activities  or  destroy  their  life  altogether; 
but  different  species  differ  greatly  in  their  capacity  of  resistance  to 
these  agents.  The  spores  of  certain  bacteria  are  exceedingly  resistant, 
much  more  so  than  the  bacteria  themselves,  to  the  action  of  disinfecting 
agents.  Among  the  chemical  substances  commonly  used  as  disinfectants 
may  be  mentioned  formalin,  carbolic  acid,  and  esitecially  solutions  of 
corrosive  sublimate,  which  is  very  inimical  to  the  life  of  most  bacteria 
and  their  spores,  even  in  extremely  dilute  solutions. 

The  Distribation  and  Bole  of  Bacteria  in  Nature ;  Hetabolism,  etc. — 
The  biicteria  play  a  very  important  role  in  nature  in  virtue  of  their  power 
of  feeding  upon  and  decomposing  dead  oi^iuic  material.  A  part  of  the 
new  chemical  compounds  which  are  thus  formed  may  be  used  by  the  bac- 
teria for  the  purposes  of  their  own  nutrition  and  growth,  while  the  rest 
are  set  free  to  serve,  sooner  or  later,  as  food  for  other  forms  of  plants  or 
animals.  In  the  decompositions  which  ai«  brought  about  in  nature  by 
the  ba<rleria  those  compounds  of  nitrogen  and  carbon  dioxide  are  set  free 
which  are  essential  for  the  nutrition  of  the  higher  plants. 

Without  the  activities  of  bacteria,  life  could  not  be  long  maintained 
upon  the  eiirfli,  since  the  necessary  csirbon.  hydrogen,  oxygen,  and  nitro- 
gen would  soon  btt  permanently  locked  up  in  unavailable  fonn  in  organ- 
ized material.  Through  the  action  of  the  various  nitrifying  bacteria  in 
the  .soil,  ammonia  is  decomposed  with  the  formation  of  water  and  nitrous 
acid;  nitrous  is  converted  into  nitric  acid.  The  so-called  denitrifying 
bacteria  reduce  nitrates  to  ammonia  and  to  nitrites.  In  these  ways, 
among  others,  water  percolating  through  the  soil  may  be  freed  from 
objectionable  organic  compounds.  There  are  certain  soil  bacteiia  which 
aid  special  groups  of  plants  to  fix  nitrogen  from  the  surrounding  media 
and  make  it  avsiilable  for  the  uses  of  the  plant.  A  lai^  number  of 
complex  chemical  substances  are  elaborated  during  the  growth  of  bac- 
teria, their  nature  varying  with  the  species  of  bacteria  and  the  eomposi- 
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tion  of  their  nntrient  material.  Some  of  tbe  chemical  compoiiDdsset  free 
by  the  growiog  bacteria  are  bad-smelling  or  aromatic ;  some  are  iuert  aud 
harmless  substances;  some  are  poweri'ul  poisons,  and  may,  when  tbey 
have  accamulated  in  the  fluids  where  they  grow,  inhibit  aetivity  aud 
growth  or  even  destroy  the  bacteria  which  have  produced  them. 

Fermentations  and  putrefactions  are  due  to  the  activities  of  micro- 
organisms, some  to  bacteria,  some  to  yeasts,  some  to  moulds.  Putrefac- 
tion is  a  form  of  fermentation  in  which  nitrogenous  compounds  are 
decomposed  by  micro-organisms  setting  free,  especially  in  the  absence  of 
oKj'gen,  bad-smelling  substances. 

Bacteria  which  induce  fermentation  are  called  zymogenic — and  each 
species  induces  fermentation  of  a  particular  character  in  the  presence  of 
aspecial  substance,  as  glucose,  or  inemt>ers  of  a  certain  class  of  substances 
snch  as  carbohydrates.  Some  of  these  fermentations  are  important  iu  the 
arts;  some  are  concerned  in  the  changes  which  food  products  undergo 
under  natural  or  artificial  conditions,  snch  as  the  development  of 
koumyss  from  milk  and  the  common  butyric,  lactic,  alcoholic,  and  other 
fermentations. 

The  chemical  changes  which  are  induced  by  micro-organisms  iu  the 
process  of  fermentatiou  are  extremely  complex  and  little  understood. 

Bacteria  may  develop  iu  their  metabolic  activities  soluble  ferments 
or  enzymes  of  various  kinds  resembling  diastase,  pepsin,  trypsin,  rennet, 
etc  These  may  remain  in  the  bacterial  cell  or  may  be  diffused  into  the 
surrounding  media. 

Many  bacteria  form  pigments  as  they  grow  {ckromogenic  bacteria). 
This  pigment  may  be  developed  in  or  upon  the  germs  themsehes  or  may 
be  diffiLsed  through  the  sniTonnding  media  and  may  be  de\'eloped  only 
in  the  presence  of  light,  oxygen,  ete.  Gas-producing  bacteria  are  called 
aerogenic.  Certain  species  when  growing  in  masses  emit  a  phosphor- 
escent light — phoiogenk:  bacteria. 

Certain  of  the  basic  chemical  compounds  resembling  the  vegetable 
alkaloids,  which  are  formed  by  the  action  of  bacteria  in  organic  matter, 
are  caWed  ptomalm.'  The  chemical  substances  produced  by  certain  forms 
of  bacteria  are  of  practical  importance  because  they  induce  deleterions 
effects  iu  many  of  the  infectious  diseases;  these  are  called  toxins.  Com- 
plex proteid  bodies  may  l>e  produced  during  the  growth  of  bacteria; 
these  may  be  in  part  set  free,  in  part  assimilated  in  the  bacterial  cell 
protoplasm.  These  proteid  bodies  belong  iu  part  to  the  albumins,  in 
part  to  the  albunioses,  while  some  of  them  resemble  the  peptons.  Many 
of  them  seem  to  be  most  potent  factors  iu  the  induction  of  the  phe- 
uomeua  and  lesions  of  the  infectious  diseases.  The  poisonous  albunii- 
noiLs  substances  produced  in  the  body  by  the  growth  of  certain  disease- 
producing  bacteria  are  called  toxalbumins.  These  may  also  be  pi-oduced 
in  culture  media  by  certain  species. 

Bacteria  are  widely  distributed  in  the  air,  in  water,  and  in  the  super- 

'  Leiicomaint  are  basic  products  produced  in  tlie  tissues  of  livJDg  animals  by  cell 
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ficial  layers  of  Uie  soi],  wliere  they  may  be  present  in  enormoos  Dombers. 
They  are  especially  abuDdant  among  the  habitations  of  man,  or  trherever 
under  favorable  conditions  of  moisture  and  temperature  animal  or  vege- 
table substances  are  undergoing  decay.  The;  cling  tenaciously  to  moist 
surfaces,  but  when  dried,  and  especially  when  dried  upon  comminuted 
material,  they  may  float  in  the  air  as  dust.  In  quiet  air  they  gradually 
settle  with  other  forms  of  dust  on  to  horizontal  surfaces,  and  thus  in 
closed,  still  rooms  the  bacteria-laden  air  may  in  a  few  hours  almost  wholly 
free  itself  of  its  living  contaminations  by  a  process  analogous  to  sedimen- 
tation in  water. 

This  widespread  transportation  of  bacteria  as  dust  by  moving  air,  and 
the  spontaneous  cleansing  of  the  latter  by  the  settlement  of  the  germs,  are 
important  factors  in  the  sanitary  problems  which  the  complex  conditions 
of  modern  life  present. 

While  bacteria  may  live  for  long  periods  in  the  dried  'state  in  dust 
they  do  not  in  this  condition  multiply.  But  the  upper  three  or  four  feet 
of  the  soil  forms  the  great  abiding,  and  when  moist  the  breeding,  place 
of  the  myriads  of  germs  which  are  concerned  in  the  salutary  work  of 
food  preparation  for  higher  plants.  Large  numbers  of  mould  spores  are 
frequently  mingled  with  the  bacteria  in  dust  and  soil. 

Surface  waters  almost  always  contain  bacteria,  which  may  have  en- 
tered by  aerial  dust  or  from  the  wash  of  adjacent  soil  or  from  direct 
human  or  animal  contamiuation.  Many  bacteria  find  in  water  favorable 
conditions  of  life  and  flourish  on  what  to  other  forms  would  be  but  scanty 
nutriment.  Many  pathogenic  bacteria  may  remain  alive  for  considerable 
periods  in  water,  but  they  do  not  usually  thrive  there. 

The  water  which  in  mauy  places  lies  in  hollows  of  the  rocks,  bathing 
the  deeper  layei-sof  the  soil  or  gathered  in  caverns  and  recesses  beneath, 
is  called  ffraund  wal^.  This  under  favorable  conditions  is  almost  wholly 
free  from  micro-organisms,  these,  through  the  complex  process  of  filtra- 
tion, germ  metabolism,  etc.,  which  go  on  in  the  upper  soil  layers,  haxing, 
together  with  inoi'ganic  contaminations,  been  largely  retained  or  ti-ans- 
foi-med  as  the  surface  water  has  slowly  sought  the  lower  le^■els. 

The  Relationship  of  Bacteria  to  Other  Living  Bein^ — So  far  as  we 
know,  with  few  exceptions  the  bacteria  whose  natural  habitat  is  the  soil 
or  air  or  water  are  not  under  usual  conditions  harmful  to  man.  On  the 
other  hand,  it  is  germs  from  the  bodies  of  men  or  animals  who  are  the 
victims  of  infectious  disease,  gaining  access  in  one  way  or  another  to 
these  great  reservoirs  and  sources  of  distribution,  which  occasionally  ren- 
der the  bacterial  flora  of  soil,  and  air,  and  water  of  direct  personal  sig- 
nificance to  man. 

It  will  be  seen  from  what  has  been  said  about  bacteria  and  their  vari- 
ous modes  of  life  that  some  live  in  or  upon  and  at  the  expense  of  other 
living  beings — the  hosts — these  are  parasites.  Others  which  live  and 
grow  apart  from  a  living  host  are  called  saprophytes.  In  either  class  there 
are  forms  which,  through  the  capacity  of  adapting  themselves  to  their 
environment,  can  maintain  at  one  time  a  parasitic,  at  another  a  sapro- 
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phjlic  life.  Such  germs  are  called  respectively /oCTtMottue  parasites  or 
facultative  saprophytes.  Those,  on  the  other  hand,  whose  life  is  strictly 
limited  to  the  parasitic  or  saprophytic  condition  are  called  oibligfd&ry 
parasites  or  saprophytes. 

N^ot  all  the  bacteria  which  live  in  or  upon  the  bodies  of  men  and 
animals  are  in  the  stricter  seuse  parasites.  The  terms  mesamates  and 
commenM/s  have  been  applied  to  such  organisms  as  simply  live  with,  but 
do  not  necessarily  derive  uatrimeut  from,  the  host. 

In  some  cases  parasitic  life  on  the  part  of  the  micro-organism  may 
contribnte  to  the  welfare  of  the  host.  This  is  the  case  in  some  ba<;teria 
which  live  upon  the  roots  of  certain  leguminous  plants,  and  to  whose 
nutrition  they  contribute  by  rendering  atmospheric  nitrogen  directly 
available  for  the  host.     This  condition  of  life  is  called  gyminoais. 

8pecie>  and  Varieties. — As  has  already  been  indicated,  the  niorpho- 
logi<^  characters  of  bacteria  are  so  little  subject  to  permanent  variation 
under  the  widest  diversity  in  the  conditions  to  which  they  are  subject 
that  we  are  justified  in  the  belief  in  fixed  species.  But  so  susceptible  to 
external  condition  are  the  functional  activities  of  many  species  that  not 
only  is  the  occorrence  of  what  may  be  called  varieties  within  specific 
limits  frequent  under  natural  conditions,  but  more  or  less  permanent 
variations  may  be  experimentally  produced. 

Almost  all  of  the  functional  activities  of  bacteria  upon  which  we  rely 
as  descriptive  characters  may  be  experimentally  altered;  thus  the  color- 
producing  capacity  may  be  diminished,  the  peptonizing  and  fermentative 
activities  lowered,  the  pathogenic  powers  reduced  or  exalted,  and  even 
the  capacity  for  spore  formation  may  be  abolished. 

These  more  or  less  permanent  modifications  of  function  in  bacteria 
may  be  induced  by  artificial  cultivation  under  adverse  conditions  of  tem- 
perature and  nutrition,  by  the  presence  of  deleterious  chemical  agents, 
antiseptics,  etc.,  or  by  association  with  the  body  cells  and  juices  in  sus- 
ceptible or  insusceptible  animals. 

CLASSIFICATION  OF  BAOTBBIA. 

The  beginning  of  the  systematic  study  of  bacteria  by  exact  and  re^( 
liable  methods  is  of  such  recent  date,  they  are  so  minute,  and  our  present  ' 
optical  apparatus  reveals  so  few  diffei-ential  morphological  characters 
beyond  the  limits  of  the  three  primarj'  classes  already  mentioned,  and  st 
few  withal  of  the  many  existing  forms  have  as  yet  been  studied,  that  a 
satisfactory  classification  or  nomenclature  of  the  bacteria  is  not  yet  pos- 
sible. 

Outside  of  the  limit  of  the  primary  clas.ses  above  described  and  based 
upon  the  shape,  we  are  obliged  to  use  for  the  purposes  of  identification 
and  description  the  results  of  physiological  activities  which  the  special 
forms  of  bacteria  display  when  placed  under  diverse  and  usually  entirely 
artificial  conditions  of  food,  temperature,  and  general  environment.  It 
is  evident  from  this  condition  of  afi'airs  that  what  in  our  attempts  at 
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classifications  we  are  wont  to  call  genera  and  Bpecies,  are  not  such  in  the 
strict  sense  in  which  these  terms  are  used  in  other  domains  of  biology. 
That  which  corresponds  to  the  generic  name  in  the  more  exact  vocab- 
ularies is  in  ours  usually  the  growth  form  which  indicates  the  primary 
class  to  which  the  germ  belongs,  as  coccus,  bacillus,  or  spirillum,  or  some 
growth  modification  of  this,  as  diplococcus,  streptococcus,  streptobacillus, 
aud  the  like.  To  this  is  usually  appended  a  more  or  less  disHnctire 
specific  name,  which  ordinarily  indicates  some  noteworthy  phj'siological 
capacity  of  the  germ,  such  as  its  peptonizing  power,  the  pigment  which 
it  elaborates,  some  prominent  chemical  reaction  which  it  initiates,  some 
marked  effect  upon  an  artificial  culture  medium,  its  disease-producing 
power  in  men  or  animals,  or  some  fact  about  its  habitat,  or  the  situation 
in  which  it  was  found.  All  of  these  and  other  hetei't^neous  character- 
istics, lai^ly  functional,  which  may  be  developed  under  natural  or  arti- 
ficial conditions,  constitute  data  in  the  life  history  of  germs  upon  which 
the  classification  and  nomenclature  of  bacteria  are  at  present  t>ased. 

As  examples  of  names  of  bacteria  thus  derived  may  be  cited  Micro- 
coccus luteus,  Diplococcus  lanceoMus,  Sarctna  ventricuU,  Bacillus  acidi  lac- 
tiei,  Spirillum  ckolerw  Asiaticiw. 

Notwithstanding  the  value  of  this  principle  of  grouping  and  nomen- 
clature, its  inadequacy  even  for  temporary  use  is  l>ecoming  painfully 
evident  as  research  proceeds,  partly  because  of  the  lai^  variations  to 
which  physiological  activities  are  liable,  aud  partly  because  we  cannot 
sharply  distinguish  between  races,  varieties,  and  species. 

It  is  not  yet  possible  to  say  whether  it  will  ever  be  practicable  in  this 
limited  field  of  lowly  life  to  draw  such  exact  distinctions  between  genera 
and  si>ecies  as  is  possible  among  higher  oi^anisms. 

Hethoda  of  Horphologicftl  Study  of  Bacteria. 

Tlie  simplest  motk'  of  studying  bacti-'ria  Is  to  c^xatninc  them  c-ilhcr  in  the  fluids  in 
whicii  tliey  grow  orin  oDc-hBlf-pLT'Ccut  salt  solutioD.  For  the  study  of  many  of  tiie 
plienomeuB  of  life  this  itU'tliod  is  important. 

Tliis  may  be  accompli slicd  by  the  examination  of  a  tiiin  layer  of  the  fluid  under  a 
cover  slip,  in  the  usual  way;  or  a  small  drop  may  be  placed  on  llie  cover  slip  and  this 
iDverled  on  a  hollow  slide  so  that  the  observation  is  made  in  tlic  hanging  drop.  A 
streak  of  vaselin  paiiitcd  around  the  edge  of  the  cover  will  prevent  evaporation  of  tlie 
fluid. 

STAisisii, — B3'  far  the  moat  importani  aid  in  the  morphological  study  of  the  bac- 
teria is  derived  from  tlic  use  of  staining  agents.  Mi>si  of  the  bacteria  are  stained  more 
or  less  readily  by  one  or  more  of  the  basic  anilin  dyes.  The  ease  with  which  tliey  are 
OJlored  varies  considerably  in  different  species  and  witli  the  different  dyes.  The  (issue 
elements,  and  a  variety  of  other  materials  with  which  the  bacteria  may  be  associated, 
also  stain  moi'e  or  leas  readily  at  the  same  time;  but  most  of  these  pail  with  their  color 
more  readily  than  do  the  bacteria  on  being  treated  with  alcohol  or  dilute  acids.  It  is 
thus  pos.<iiblc  to  obtain  a  differentiatioD  In  color  iK-tween  bacteria  and  other  gtniclures. 
The  bacteria,  moreover,  differ  among  themselves  in  respect  to  the  tenacity  with  which 
they  hold  their  stain  In  the  presence  of  decolorizing  agents,  and  upon  this  fact  is  based 
one  of  the  important  methods  of  distinguishing  1)etween  different  species. 

The  anilin  dyes  more  commonly  eniployi'd  for  bacteria  stju'ning  are  fuclisin,  gen- 
tian-vioM,   and    methylene    blue.     A    saturated    alcoholic    solution    of    these   dyes. 
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should  be  kept  In  tightly  stoppered  bottles,  and  from  these  the  more  dilute  solutions 
required  foi  Btaiuiog  may  be  prepared.  For  ordinary  purposes  odu  part  of  alcoholic 
solution  of  fuchsia  or  raetliylene  blue,  added  to  twenty  parts  of  water,  will  give  a 
siainiDg  solutioD  of  suitable  elrength. 

Special  stains  and  modes  of  staining,  such  as  are  necessary  for  some  forms  of  bac- 
teria—the tubercle  bacillus,  for  example— will  be  described  under  the  appropriate  head- 
ings. 

2'o  Stain,  Baeleria  in  Fliiidt. — A  small  drop  of  the  fluid  is  placed  od  a  clean  cover 
glass,  spread  a  little  with  a  needle,  and  dried  by  gentle  heat.  The  cover  glass  is  now 
held  with  tlie  forceps,  specimen  side  up,  and  passed  moderately  rapidly  three  times 
tbrougb  the  flame  of  on  alcohol  lamp  or  Bunsen  burner.  Tlie  material  on  the  cover 
should  not  be  burned.  This  heating  not  only  Axes  the  contents  of  tlie  fluid  flrmly  on 
to  the  glass  so  that  it  will  not  easily  soak  off,  but  renders  insoluble  any  albuminous 
materials  which  may  be  mixed  with  the  bacteria,  and  which  might  otherwise  interfere 
with  subsequent  examinations  by  forming  granular  precipitates. 

A  drop  of  the  aqueous  staining  fluid  is  now  put  on  to  the  dried  specimen  on  the 
cover  glsss,  and  if  this  be  held  in  the  forceps  and  tilted  slightly  up  and  down  a  few 
times  so  as  to  bring  fresh  portions  of  the  staining  fluid  into  contact  with  Ilie  bacteria, 
the  staining  will  usually  be  completed  in  two  or  three  minutes.  The  stain  is  now 
washed  oS  with  a  Jet  of  water  from  the  wash  bottle,  and  the  specimen  is  either  mounled 
In  a  drop  of  water  for  temporary  study,  or  the  washing  water  is  drained  off  and,  after 
drying  in  the  air.  It  is  mounled  directly  In  balsam.  It  is  well  lo  use  balsam  which  has 
been  softened,  when  this  is  necessary,  with  oil  of  cedar  or  xylol  rather  than  with  chloro- 
form, since  this  is  apt  to  decolorize  the  bacteria.  Solid  cultures  of  bacteria  should  be 
mixed  with  a  little  water  and  spread  on  the  cover  glass  before  drying  and  staining. 

Gram's  method  (see  below)  is  often  useful  and  in  some  casesalmost  indispensable  for 
the  differential  staining  of  bacteria.' 

To  Staitt  Saeteria  in  Tigguei. — The  tissues  slioiild  be  well  hardened  in  alcohol. 
Thin  aeclions  are  placed  in  the  above- described  aqueous  coloring  solulions.  where  they 
may  remain  from  five  to  fifteen  minutes.  In  some  cases  a  much  longer  staining  Is  nec- 
essary. Gentle  warming  (40°  to  SO"  C. )  will  hasten  ilie  staining.  The  entire  tissue  as 
well  as  the  bacteria  is  in  this  way  deeply  colored.  The  sections  are  rinsed  with  distilled 
water  and  then  placed  in  alcohol.  This,  with  varying  degrees  of  rapidity  with  differ- 
ent stains  and  tissues,  gradually  extracts  the  color  from  the  tissue,  most  slowly  from 
the  nuclei.  The  time  required  and  the  exact  degree  of  decolorization  to  be  sought  for 
must  be  learned  by  experience  in  different  cases.  Sometimes  five,  sometimes  tliirty 
minutes  are  required,  sometimes  only  a  few  seconds.  It  is  often  necessary',  and  the 
decolorizing  of  the  tissue  is  thereby  liflstened.  to  add  a  few  drops  of  acetic  acid  to  the 
alcohol.  When  acetic  acid  is  used  it  should  be  finally  thoroughly  washed  out  by  aleo- 
hoi.  The  specimens  are  now  cleared  up  by  oil  of  origanum  and  mounted  in  balsam. 
In  specimens  prepared  in  the  above  way,  the  nuclei  of  cells  usually  retain  to  some  ex- 
tent a  color  similar  to  that  of  (he  bacteria,  but  their  size  and  shape  serve  for  (he  differ- 
entiation. 

Gram's  Mtthod. — This  is  a  much  more  generally  useful  method  of  staining  Imcteria 
in  the  tissues  than  that  just  given,  aTthough  not  in  all  cases  applicable.  The  sections 
are  stained  for  from  two  to  four  minutes  in  auilin-genlian-ti'ket  wlntinn,  prepared  by 
adding  t  c.c.  anilin  oil  lo  30  c.c.  distilled  water,  shaking  thoroughly,  and  tillering 
off  the  excess  of  anilin  oil  through  a  moistened  paper  filter.  To  the  clear  tllirale  satu- 
rated alcoholic  solution  of  gentian  violet  is  added  In  the  proportion  of  about  1  of  the 
dye  lo  10  of  the  anilin  solution. 

Prom  the  staining  solution  the  sections  arc  transferred  to  a  solution  of  iodin  in 
potassium  iodid  and  water  (I  1,0— KI  3.0— H,0  300.0),  remaining  from  one  to  three 
minutes,  wlien  tbey  are  transferred  to  stning  alcohol;  this  sliouhl  be  changc<l  two  or 
three  times  so  as  to  dehydrate  the  specimen,  which  at  the  same  time  will  lose  much  of 
its  color.    The  section  is  cleared  lu  oil  of  origanum  to  which  a  little  eosin  has  been 

'  For  the  methods  of  staining  spores  see  special  works  on  bacleriology. 
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added,  and  mounted  in  balsam.    In  specimens  prepared  in  this  waj  the  bacteria  and 
some  of  Ibe  nuclei  are  violet,  the  remainder  of  the  tissue  is  red. 

In  this  as  in  other  methods  of  staining  bacteria  in  tissue  the  sections  ar«  liable  to 
thrivel  and  curl.  This  may  in  maoy  cases  be  avoided  by  fixing  the  sections  on  to  the 
cover  slip  with  albumen  fiiative  (see  page  51)  before  the  Staining  begins,  carrying 
cover  glass  as  well  as  section  through  the  subsequent  processes.  Since  some  bacteria 
are  decolorized  by  Oram's  method  it  is  not  applicable  to  the  staining  of  all  organisms  in 
^tissues.  It  is  often  a  valuable  aid  in  the  differentiation  and  Identification  of  species  with 
similar  morphology — and  in  some  instances,  as  in  the  staining  of  gonorrheal  pus,  has  an 
especial  diagnostic  value  (see  page  19i). 

Weigerl'a  ModijUation  of  Oram'*  Method. — The  sections  are  laid  for  half  an  hour  in 
the  anil  in  gentian -violet  solution  prepared  as  above,  then  rinsed  off  in  three -quarter- 
per-cent  salt  solution,  and  spread  on  a  slide.  They  are  now  dried  with  blotting-paper 
and  covered  for  two  minutes  with  the  iodin  solution.  The  iodin  solution  is  now  washed 
off  in  the  water,  the  section  dried  with  blotting-paper,  and  decolorized  with  anilin  oil 
or  a  mixture  of  2  parts  of  anilm  oil  and  1  part  of  xylol,  several  times  renewed.  Finally 
the  sections  are  cleared  in  xylol  and  motinted  in  balsam. 

In  many  cases  it  is  well  to  accomplish  a  double  staining  by  a  preliminary  contrast 
stain.  Thus,  before  the  use  of  Welgert's  modlGcation  of  Oram's  stain  the  sections  may 
be  put  for  half  an  hour  in  a  solution  of  picro-carmiD,  then  rinsed  in  water  and  stained 
as  above.    By  this  modification  of  Oram's  method  fibrin  is  deeply  stained. 

LogSer't  aikaUn&^nttkgleae-blw  toliition  is  a  very  valuable  and  powerful  st^n  t<a 
bacteria,  either  in  fluids  or  in  tissues. 

It  consists  of — 

Saturated  alcoholic  solution  of  methylene  blue,  .        .        .30  parta. 
Aqueoussolution  of  caustic  potash  1:10,000,       .         .         .  100      " 

For  staining  bacteria  in  tissues  the  Stain  is  allowed  to  act  for  a  few  minutes.  The 
section  is  then  put  for  a  few  seconds  in  one-half-per-cent  acetic  acid,  then  rinsed  in 
water,  and  the  superfluous  color  removed  from  the  tissue  by  repeated  rinsing  in  alco- 
hol, which  at  the  same  time  dehydrates  it.  Then  It  is  cleared  with  oil  of  cedar  and 
mounted  in  balsam.  Care  should  be  taben  not  to  remove  too  much  color  with  the 
alcohol. 

It  sliould  always  be  borne  in  mind  in  staining  the  bacteria  tliat  great  exactness  Is 
not  usually  necessary  either  in  the  strength  of  the  coloring  solutions  or  in  the  time  of 
exposure  of  the  bacteria  to  them.  We  are  seeking  for  certain  effects — namely,  the 
staining  of  the  germs — and  this  depends  not  only  upon  the  quality  and  strength  of  the 
dye,  the  time  of  exposure,  etc.,  but  also  upon  the  nature  of  the  bacterial  species  and  its 
conditions  at  the  time  the  staining  is  undertaken.  Thus  it  not  infrequently  happens 
that  bacteria  which  will  stain  readily  and  deeply  with  a  given  solution  when  they  are 
in  a  condition  of  active  growth,  may  be  scarcely  at  all  colored  if  they  have  been  dead 
or  inactive  for  a  long  time,  although  their  outward  shape  appears  to  be  unchanged. 
So  it  should  be  remembered  that,  while  there  is  little  difficulty  in  most  cases  in  staining 
the  bacteria,  the  operation  is  not  one  of  mere  routine,  but  requires  intelligent  attention 
to  the  particular  conditions  of  the  species  in  hand. 

For  the  recognition  and  study  of  bacteria  the  best  optical  apparatus  is  requisite. 
An  homogeneous  immersion  lens  (at  least  one-twelfth)  and  the  AbbS  condenser  are  in- 
dispensable for  ordinary  work. 

Artiflcinl  CultiTation  of  Bacteria. 

For  the  complete  investigation  of  the  diSerent  forms  of  bacteria,  particularly  In 
their  relations  to  disease,  we  must  isolate  thetn  so  as  to  be  able  to  study  their  life  his- 
tory- and  the  eflects  of  their  inoculation  into  healthy  animals.  It  has  long  been  known 
that  bacteria  could  be  cultivated  in  a  variety  of  artificial,  so-called  "nutrient  media"  or 
soils.  Fluids  were  formerly  used  for  tliis  purpose,  hut  it  is  very  difDcult  to  separate 
single  species  in  fluids.    Robert  Eoch  introduced,  some  years  ago,  a  technical  improve- 
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meat  of  great  value  In  the  use  of  solid  media  for  the  cultiv&tion  of  bacteria.  Thej 
usually  grow  within  or  upon  the  surface  of  the  solid  nutrient  media  in  sharply  citcum- 
scribed  meases,  called  cdtmiei,  afid  different  species  may  grow  side  by  side  in  the  same 


receptacle  for  considerable  periods  without  In  the  slightest  degree  interfering  with  one 
another  or  tending  I«  mix.    The  mode  of  growtli  and  general  appearances  of  the  pro- 
liferating bacterial  masses  on  the  solid  medium  often  present  very  chflracteristic  differ- 
ences between  different  forms,  and  thus  not  only  furnish  valuable  means  of  identifying 
species,  but  render  possible  an  early  detection  of  contamination  from  chance  admixture 
of  species,     A  given  species  of  hacU-ria  may  be  cultivated  through  a  series  of  genera- 
tions by  transferring,  with  proper  precauiions,  a  minulc  imrtion  from  a  growing  colony 
to  fresU   sterilized  culture  media.      After  cultivatioa  through  several  gcneralions  the 
.  species  may  be  presumed,  and  by  micro- 
scopical examiuations  proved,  to  l)e  en- 
tirely pure,  and  the  effects,  if  any,  pro- 
duced by   its   inoculation  into   healthy 
animals,  to  be  due  to  it  alone. 

The  C'LLTLiiE  Substances.— There 
are  many  culture  media,  some  of  which 
are  best  suited  for  one,  sotnc  for  anolher 
species  of  bacteria.  Those  most  com- 
monly used  are  meat  broth  (bouillon), 
broth  rendered  solid  by  gelatin  or  agar- 
agar  (called  "nutrient  gelatin"  or  "nu- 
trient agar"),  boiled  potatoes,  milk, 
coagulated  blood  serum,  pleuritio  "  chest 
scrum,"  or  other  transudates  inlo  the 
serous  cavities,  tilucose  fs  often  added 
to  Ibc  media  for  special  purposes,  and 
the  incorporation  of  litmus  serves  to 
mark  the  formation  of  acids  or  alkalies 
as  the  result  of  bacterial  metabolism. 
Various  special  forms  of  artitlcial  media 
are  also  employed,  (For  the  details  of  the  metiiods  of  preparing  culture  media  con- 
sult special  works  on  bacteriology,  such  as  Abbatt't "  Principles  of  Bacteriology  "  or 
Park't  "Bacteriology  In  Medicine  and  Surgerj-.")    These  various  forms  of  media  are 
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placed  in  small  quuntities  in  tcst-tiibos  pluggt^l  with  cotton  (P\g.  79)  and  carefully 
sterilized  by  beat. 

The  STi'Dr  op  Cultures. — I^et  iia  see  how  the  nutrient  media  are  used  in  study- 
ing the  bacteria. 

In  the  flrst  place,  it  is  necessary  to  get  from  the  various  mixtures  of  several  species, 
as  they  are  apt  to  occur  in  nature  or  in  diseased  parts,  single  species  growing  by  them- 


FlO.  71)  -  Pi  Ht  I'tl.TrnK  01-  BACTKRIA  O.N  NI-TItlEM  Aa/iR  IN  8I«Rll.lltKll  TUIIBS, 
Slii'H'Ing  ut  Ibe  Ml  a  sniootb.  ui  Ehe  riftht  a  wrioliLed  Browib  upuu  Uie  )iirl&ce. 

Fia.W.  -  A   ClLTI-RK  OF  IIMTKRrA  ON    I'OTATO. 

selves,  so  tliat  llicir  life  Ijislory  luid  rhnniclers  mny  be  stiii)ieil  in  detail.  To  slion'  by 
an  example  li»w  tliis  is  done,  we  will  suppose  tlint  we  have  n  sample  of  milk  coi  taining 
bacteria,  and  nisb  to  learn  liow  imiiiy  there. arc  and  of  wlial  species,  ai  I  to  get  ll en 
into  separale  riTepfacles  for  study.  We  melt  the  nutrient  gi-la(in  or  »gar  in  one  ol 
tbc  test  tubes,  which  we  know  to  contain  uo  liviiijt  Itaetttria — because  e  ba  c  eleril 
ized  both  the  tube  and  its  contents  by  heat— and  odd  to  ft  a  nicosured  ^ul  me  usually 
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0.01  c.c,  of  the  milk,  and  mix  tliem  bjgeotlc  sbaliiDg;  we  nov  take  a  shallow  cnvcrcd 
glass  dish  called  a  Petri  plate  (see  Fig.  TJ).  wliich  baa  beeo  sterilized  by  lieai,  lay  it 
upon  a  colli  surface,  and  pour  out  tlie  mixture  of  milk  and  nutrient  gelutin  in  a  tliia 
layer  upon  it.  When  the  gelatin  solidifies,  the  iuvislble  germs  which  the  milk  contained 
are  caught  and  held  in  position  by  it,  and  if  tlic  wliole  be  now  set  away  in  a  sufficiently 
warm  place  the  living  bacteria  will  presently  commence  to  grow. 

After  a  few  hours  or  days,  from  each  one  of  the  single  living  Imcteria  scattered 
tbrougli  the  gelatin  so  many  new  germs  may  liave  developed  lliut  they  form  a  mass, 
called  a  colony,  large  enougli  to  be  visible  to  the  naked  eye.  As  different  species  grow 
in  diSerent  ways,  some  giving  rise  to  colonies  cf  one  sliape  or  outliae,  some  to  another; 
some  forming  colored  colonics,  some  fluidifying  the  gelatin,  sonic  growing  much  more 
rapidly  liian  others  (see  Fig.  78),  we  can  usually  recognize  the  difference  in  species 
either  with  the  naked  eye  or  under  tiie  microscope,  and  with  a  fine,  sterilized  platinum 
needle  can  pick  out  portions  of  the  different  colonies  and  transfer  tlicin  to  the  tubes  of 
nutrient  media  of  one  kind  or  another  which  we  have  prepared,  and  study  their  growth 
there  in  the  form  of  pure  cultures. 

The  transfer  of  the  gcrnis  to  the  tubes  is  made  by  plimging  the  needle  which  has 
touched  the  plate  colonies  down  into  the  gektin  or  agar,  or  drawing  it  over  the  surface 
of  the  potato  or  agar  (Figs.  79,  SO,  and  81). 
This  is  called  inoculating  the  culture  media. 

Not  infrequently  it  is  necessary  to  use  the 
agar  culture  medium  insteail  of  gelatin  for 
plate  cultures,  because  many  disease- producing 
forms  of  germs  do  not  grow  at  a  temperature 
below  that  of  the  hotly,  at  which  gelatin  fluid- 

In  many  cases,  especially  in  agar  plate 
cultures,  the  nmlerial  to  be  studied  is  spread 
in  very  thin  streaks,  with  a  sterilized  platinum 
needle,  over  the  surface  of  tiie  already  cooled 
nutrient  111m.  the  colonies  developing  along  the 
surface  streaks  (see  Pig.  82), 

Anaerobic  germs  may  be  cultivated  in  an 
atmosphere  of  hydrogen,  the  air  in  the  closed 
enlture  receptaeles  being  replaced  by  this  gas. 
Or  the  oxygen  may  be  removed  from  this  con- 
fined portion  of  air  in  contact  with  the  rul- 
ttires  hy  chemical  means.  A  description  of  the 
various  simple  and  complex  devices  for  anae- 
robic eullivatioQS  falls  Iteyond  the  scope  of 
this  work. 

The  most  scrupulous  care  is  i'ciiuin,-d  in 
sterilizing  the  nutrient  mc<lia  an<l  the  utensils 
and  instruments  used,  and  the  greatest  caution 
should  be  exercised,  in  transferring  the  bac- 
teria from  one  receptacle  to  anotlier,  to  pre- 
vent contamination.  A  large  experience  in 
bubbles  cannat  this  sort  of  manipulation  is  necessary  before 
reliable  results  can  be  obtained  in  original  in- 
vestigation, since  the  slightest  error  or  care- 
failure  to  observe  the  occurrence  of  contamination,  is  liable 
lults  of  long  series  of  experiments.  It  is  only  by  an  extended 
the  cultivniion  •it  some  of  the  more  characteristic  and  easily 
recognizable  forms,  under  a  variety  of  conditions,  in  a  perfectly  pure  state,  through  a 
scries  of  generations,  that  one  can  be  assured  of  iiis  capacity  l^i  carry  on  researches  in 
Ibis  most  difficult  and  hitricat«  field. 

It  is  vt\\aer  for  one  purposing  to  carry  on  bacterial  researches  to  gain  a  practical 
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acquaintance  with  methods  and  apparatus  in  a  well-appointed  laboistoiy,  than  to  nuke 
the  attempt  to  work  out  the  methods  from  books. 

The  methods  of  inoculation  of  animals  with  pure  cultures,  and  the  precautions  to 


Fia.  82.— PuEi's  AoAB  Pun  Odltdm  of  Bachebu  nan  th»  Hodth. 

Hade  by  BtreatJnq:  ibe  surtBce  of  uerUlzed  nutrient  ngai^prailously  poured  Into  (be  sballov  diati  wd 
coaled— wiui  Krapliwa  rrom  Ibe  nuHiUi.  and  allowing  losMDd  In  awuiD  place  (or  lorty-elgbt  boon.  Tbe 
HBbKr  spots  arc  Uie  "«i]onlV9"  ormaaseaof  eenngol  various  fonni  wUcb  bave  grown  trom  tliB  iDTHtM 
genDs  ol  tbe  moutb. 

be  obwrved,  as  well  as  a  description  of  the  various  forms  of  apparatus  made  use  of  in 
practical  bacteriology,  must  be  sought  id  more  extended  treatises  on  this  subject. 

Collection  of  Uaterial  for  Bacterial  Cultura*. 

Material  obtained  from  the  human  body  which  Is  to  be  subjected  to  bacterial  ei- 
shuulrl  be  collected  with  every  precaution  against  accidental  contamination. 


:*■         -•  »»*^ 


FIO.  83.— STERILIIED  cotton  8WiB  IN   A  STERItTZEr  TCBK   FOR  COLLKCTINO   FLCID8  COHTAINIKO  B»0- 

A  convenient  mode  of  colleeiion  and  transportation  of  small  quantities  of  fluid  or 
semi-fluid  material,  such  asexudates,  discharges,  etc.,  for  purposes  of  bacterial  examina- 
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tiOQ  is  to  twist  a  Bmall  wad  of  absorbeot  cotton  on  to  the  end  of  an  iron  or  steel  wire 
about  five  inches  long,  put  this,  swab  end  foremost,  into  ttie  tube  (Fig.  88).  plug  the 
mouth  with  cotton,  and  sterilize  the  whole  in  a  dry  oven  for  an  hour  at  100"  C. 

Several  of  these  cotton  swabs  may  be  prepared  at  oDce  and  kept  on  band.  The 
swab,  carefully  removed  and  saturated  with  the  material  to  be  examined,  is  at  once  re- 
turned to  the  tube;  this  is  plugged,  and  may  be  thus  safely  transported.' 

n.  Teasts. 

These  micro-organisms — larger  than  bacteria  and  mostly  saprophytes 
— consist  of  oval  or  spheroidal  cells  with  granular  protoplasm  and  a  thin 

•     membrane.     They  multiply  by  sprouts  or  buds  from 
rkff  __  the  parent  cell  (Fig.  84).    The  new  individuals  may 

9PF  ^m0  separate  from  the  old,  or  may  cling  to  them  so  that 
^^  JpSl  chain-like  combinations  may  occur.  They  sometimes 
^^■rw^  form  endogenous  spores,  known  as aecospores.  Some 
Fio  S4-TK1BT-BM-    ^P^'*^  develop  bright  colors  in  their  growth. 

(tiMtmrce*.  There  are  many  forms  of  yeasts  which  are  concerned 

in  various  phases  of  fermentation.  Some  of  these,  al- 
coholic fermentation  for  example,  are  of  great  economic  importance.* 
Certain  forms  of  yeasts  flourish  in  the  stomach  during  digestive  disorders 
and  in  the  bladder  In  diabetes,  without  the  incitement  of  lesiona  Sev- 
eral forms  of  yeast  have  been  proven  to  be  pathi^nic  in  lower  animals 
and  in  man.  In  1894  Gilchrist '  reported  a  case  of  blastomyeetic  derma- 
titis in  man.    Since  that  time  other  cases  have  been  observed.' 

m.  Moulds. 

The  moulds  are  considerably  more  complex  in  structure  than  either 
the  bacteria  or  the  yeasts.  Some  of  the  forms  are  very  common  and  uni- 
versally known.  In  general,  it  may  be  said  that  the  moulds  consist  of 
a  aeries  of  delicate,  translucent,  branching  jointed  threads — mycelium — 
OBually  giving  rise  to  hyphcB  from  which,  either  directly  or  iu  more  com- 
plex form  through  the  intervention  of  a  special  structure,  the  sporangium, 
the  spor^  are  developed  (Fig.  85).  The  moulds  which  are  apt  to  occur 
in  the  human  body  may  be  of  the  former  more  simple,  or  of  the  latter, 
more  complex  type.'  Among  the  simpler  forms  of  moulds  which  occur 
in  the  body  may  be  mentioned  the  Achorion  Schonleinii,  Microsporon 

'  For  further  suggestions  for  the  collection  and  examination  of  specimens  for  micro- 
organisms, and  for  references  to  studies  on  the  bacteria  of  tlie  human  body,  see  p,  260. 

'  For  a  consideration  of  the  relationship  of  micro  organisms  to  various  forms  of  fer- 
mentation, witb  bibliography,  consult  Jorgeim/n,  "Micro  organisms  and  Fermentation," 
Kng,  translation,  1900. 

'Gilchritt.  Johns  Hopkins'  Hospital  Reports,  vol,  i.,  p,  266. 

•For  a  resume  of  the  subject  of  patliopenic  blastomycetes  with  enperiments  and 
bibliography,  see  FtntlerUm,  Journal  o(  Pathology  and  Bacteriology,  vol.  vi.,  p.  37, 
1«00:  and  Sternberg,  Ziegl.  Beilr.,  Bd.  xxxii.,  1903,  p.  1;  a\sa  Itie/Ktlii.  "Blastomycosis 
of  Sfein,"  Jour.  Med.  Hes.,  vol.  vi,,  1901,  p.  3T7;  also  Otis  and  Ecani,  Jour.  Am.  Med. 
A8Sa..Uctoher31st,  IOCS. 

•See  Henon,  "fetude  sur  I'aspcrgillose  cliez  Ics  animaux  et  chez  I'homme,"  Paris, 
1897;  also  Leawldand  Levi,  Gaz.  des  HopiCaux,  June  26th,  1897,  Bibl.;  also  IHermn 
and  Rnrenet,  University  Med.  Mag.,  August,  1900;  also  Sayer,  " Paeumonomykosis 
aspergillioa,"  Jena,  1900. 
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furfar.  Trichophyton  tonsurans.    There  is  a  close  morphological  resem- 
blance between  these  forms. 

Achonon  SchStdeinii,  the  favus  fungus,  is  formed  of  a  much-branchiug 
mycelium  from  which  the  spores  are  directly  developed  (Fig.  86).  It 
grows  readily  ou  artificial  cul- 
ture media,  such  as  uutrieut  agar 
and  gelatin,  at  the  temperature 
of  the  body.  This  fungus  is  most 
apt  to  grow  upon  the  hairy  part 
of  the  head,  where  it  forms  small 
surface  crusts  and  grows  into  tte 
shafts  and  root  sheaths  of  the 
hair,  exciting  inflammation  in  the 
adjacent  tissue.  Trichophyton  ton- 
surans develops  in  the  form  of  a 
modei^tely  branching  mycelium, 
forming  comparatively  few  spores. 
It  grows  in  the  skiu,  either  about 
or  apart  from  the  hairs,  or  in  the 
nails,  inducing  the  lesious  of  vari- 
ous phases  of  herpes,  which  differ 
considerably,  depending  upon  the 
particular     structures    involved. 

At  body  temperature  it  grows  readily  on  artificial  culture  media,  differ- 
ing markedly  in  appearance  from  Achorion, 

Microsporon  furfur,  the  mould  fungus  causing  pityriasis  versicolor,  is 
more  proue  thau  the  Achorion  to  the  development  of  many  spores,  but 
otherwise  considerably  re-sembles  it  morphologically.     It  has  not  yet  been 
cultivated  on  artificial  media.     By  its  infiltration  of  the  epidermis,  espe- 
cially of  the  body  and  upper  extremhies, 
it  causes  larger  and  smaller  yellowish  or 
brownish  patches. 

The  more  complex  types  of  moulds  are 
only  occasional  dwellers  in  the  human 
body  and  appear  to  be  but  rarely  the 
cause  of  diseiise,  passing,  rather,  a  sapro- 
phytic csistencc  on  dead  material  in  parts 
of  the  body  which  are  in  communication 
with  the  air.  Thus  they  may  be  found 
growing  on  acenmnlations  in  the  external 
anditory  canal,  in  dead  tissue  in  the 
iNLKiNii-Fivra.  luiig^S  ou  walls  of  cavities,  dilated  bron- 
ure.  chi,  etc.     Many  eases  ha^■e  been  reported, 

however,  in  which  the  moulds,  especially 
aspergillus,  have  been  the  apparent  excitants  of  serious  lesions  in  men 
and  animals. 

A  lowly  form  of  micro-organism  frequently  foand  growing  in  the 
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moatb  and  fauces  and  cesophagus  of  children,  in  the  form  of  a  wbitisfa 
pellicle — aphthie — is  tbe  so-called  Oidiuvi  albicans,  wLich  consists  of 
branching,  jointed  threads  and  spores  wMcb  penetrate  l)etween  the  epi- 
thelial cells.  This  fungus  may  assume  considerable  importance,  when 
in  very  feeble  children  it  blocks  the  iBsophngiis,  or  when,  as  is  rarely  tbe 
case,  from  the  surface  of  alcers  it  penetrates  the  blood-vessels  and  gives 
rise  to  visceral  metastasis.  The  exact  relationship  of  this  fuD^us  to  the 
moulds  is  not  yet  very  clear.     It  is  often  grouped  with  the  yeajitis.' 

Hethods  of  Studying  Teoats  ftnd  Uoulds. 

Tlie  yeast  orgsnisms  are  in  general  stainwl  and  cultivated  by  the  same  methods  as 
those  wsi'd  in  studying  the  liacteria.  By  treating  unstained  serlious  of  tissue  ctintain- 
ing  them  with  solution  of  caustic  potash  the  organisms  may  often  be  readily  demon- 
strated. 

The  moulds  may  t«  simply  teased  and  studied  in  glycerin  or  in  glycerin  and  water. 
They  may  be  stained  with  at l^alinc- methylene  blue  solution  (LSffler's  solution,  see  page 
151).  VHiea  spores  have  formed  in  considerable  numbers  on  the  more  complen  forms 
of  moulds  these  are  not  ea^ly  wetted  by  the  usual  staining  fluids,  because  tlie  air  clings 
BO  closely  among  the  spore  masses.  In  a  mixture  of  four  parts  of  alcohol  and  one  of 
aciueoiis  solution  of  ammoaia  they  are  instantly  wetted,  and  may  then,  with  or  without 
staining,  be  teased  and  mounted  !□  glycerin.  In  studying  the  fungus  masses  in  the 
&t)Ove  described  skin  diseases  it  is  well,  when  crust-like  masses  are  to  be  teased  apart, 
to  allow  ihem  first  to  soak  for  a  few  moments  in  a  five-per-cent  solution  of  caustic 
potash.  In  this  solution  they  may  be  studied,  or  they  may  be  teased  and  mounted  in 
glj-eerin  for  preservation.  Most  of  the  more  common  moulds  are  readily  grown  on  the 
ordinur}'  culture  media, 

'  For  resume  and  bibliography  of  relationship  of  yeasts  and  moulds  to  human  dis- 
eases consult  Rieker,  I.tibarivh.  and  Ottering'*  "Ergebnisse  der  allg.  Aetiologie  der 
Mensclicn-  u.  Thierkrankheiten,"  Abth.  i.,  1806,  p.  S02.  Seealso  lic/ctoe/i.  Journal  of 
Experimental  Medicine,  -vol.  v.,  p.  77,  1600. 
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CHAPTER  Vn. 

THE  BEIiATIONS  OF  MICBO-OKOAlflSHS  TO  DI8EA8B- 
INFECTION  AND  IMMTJNITT. 

The  Occurrence  of  Bacteria  and  Other  Micro-oi^anisms  in 
the  Body :  its  Protective  Mechanism. 

Bacteria  are  invariably  preseDt  id  greater  or  leas  numbers  in  the 
mouth,  nose,  upper  air  passages,  gastro-iutestitial  and  genitourinary 
tracts  of  meu  and  animals.'  Into  these  places  tbey  are  more  or  less  con- 
stantly brought  by  the  respired  air,'  by  food  and  drink,  and  in  other 
ways.  But  comniou  and  often  abundant  as  are  these  germs  upon  the 
external  and  internal  surfaces  of  the  body,  they  do  not  often  pass  through 
the  healthy  mucous  or  cutaneous  surfaces,  so  that  under  normal  condi- 
tions the  tissues,  the  viscera,  and  the  circulating  fluids  are  germ-free.' 

Except  for  certain  pathogenic  forms  which  may,  under  unsanitary 
conditions,  have  been  set  free  and  transported  from  men  or  animals 
sufiering  from  infectious  disease,  the  bacteria  upon  the  cutaneous  or 
mucous  surfaces  of  the  body  are  for  the  most  part  harmless;  while  cer- 
tain intestinal  forms  may  even  be  useful  in  promoting  digestion. 

Certain  bacteria  which  do  not  often  and  some  which  never  induce 
disease,  find  in  or  upon  the  human  body  such  favorable  conditions  for 
their  existence  that  they  are  commonly  present  there. 

The  body  is  guarded  in  various  ways  from  the  incursions  of  patho- 
genic and  other  bacteria,  which  may  be  commonly  present  Or  only  occa- 
sionally lodged  upon  its  surfaces.  Among  the  protective  agencies  of  the 
body  may  be  mentioned  the  firm,  dense  skin  which  while  intact  protects 
the  interior  from  the  entrance  of  almost  all  known  micro-oi^nisms ;  the 
epithelial  investment  of  the  mucous  membranes  in  several  places  swept 
by  cilia ;  the  protected  situation  of  most  of  the  mucous  surfaces,  the  ger- 
micidal qualities  of  some  of  the  secretions,  such  as  the  gastric  juice, 
mucus,  etc.* 

'  For  a  sumnuiry  of  facts  concerning  the  bHeteriat  flora  of  the  body  surfaces  coasult 
W^eli.  "Surgical  Bacteriology,"  "System  of  Surgery  hy  American  Authors,"  Dennit. 
Sea  also  Ford,  "Tin-  Bacttriol'ogy  of  Healtby  Organs,"  Traofl.  Assoc.  Amer.  Phjs,,  vol. 
sv.,  p.  888,  1900,  Bilil, 

'  For  a  reaume  of  tiiicro -organism  in  tlie  air  see  OotUtnn,  Lubaracb  and  Ost^rtag's 
"Ergebnlsse,"  Jalirgang  iv.,  pp.  SI  ttaeq.,  1897;  aXsn  Firth,  "Studies  from  the  Depart- 
ment of  Pathology,"  Col.  Piiys.  end  Surg.,  Columbia  University,  vol.  vii. 

'  It  should  be  rememl>ered  that  tlie  gostro-intestinal  canal,  the  lungs,  and  otlier 
viscera  wlifcb  are  in  communication  with  the  eslerior,  altboucb  within  the  limits  of  the 
body,  still  form,  strictly  speaking,  its  outside,  in  distinction  from  the  intimate  recesses 
of  the  tissues  iu  which  the  life  processes  go  on. 

*  For  a  rtsumS  of  the  protective  action  ot  the  skin,  mucous  membrBnea,  etc. ,  see 
MeUeJmikojf,  "Immunity  in  Infectious  Diseases,"  Trans.,  1B04. 
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But  uotwithatanding  the  safeguards  of  the  body  against  the  access  of 
micro-orgaaiams,  these  do  frequently  enter;  this  may  occur  in  severe  in- 
juries  to  the  skin  or  mucous  membranes  or  through  very  slight  and  un- 
noticed abrasious  or  other  solutions  of  continuity.  Entrance  may  be 
gained  to  the  tissues  through  the  minute  ducts  of  the  sebaceous  or  sweat 
glands;  from  the  mouth,  tonsils,  gastro-intestinal  canal'  and  the  respi- 
ratorj'  passages  aud  surfaces,  either  with  or  without  obvious  injuries  to 
the  investing  epitbelia.  The  r61e  of  insects  in  the  conveyance  of  infec- 
tious agents  is  of  great  importance.'  Micro-organisms  may  enter  the 
body  duiiug  intrauterine  life.* 

'When  iu  one  way  or  another  bacteria  or  other  germs  have  entered 
the  tissues,  they  may  encounter  a  series  of  obstacles  to  their  spread  or 
continuance  as  well  as  to  their  proliferation  there,  even  should  the  gen- 
eral nutritive  conditions  he  favorable.  In  the  first  place  the  lymph- 
nodes  frequently  filter  out  of  the  tissue  finids  micro-oi^auisms  which 
have  entered  them,  holding  them  back  from  the  general  circulation  or 
destroying  them.'  The  power  of  certain  of  the  body  ttuids  and  of  living 
cells  under  favorable  conditions  to  kill  and  dispose  of  germs,  should 
these  gain  entrance  through  injuries  or  other  structural  lesions  or  func- 
tional disturbance  in  the  barriers,  is  of  great  importance  and  will  be  re- 
ferred to  again.  The  elimination  of  niicro-organisuis  from  the  body 
through  its  secretions,'  such  as  urine,  bile,  milk,  sweat,  saliva,  etc.,  is  a 
matter  of  great  significance,  but  one  upon  which  the  scope  of  this  book 
does  not  permit  us  to  enter.* 

The  \'iew  has  been  recently  advanced  that  with  no  apparent  lesion  or 

'  For  bibliography  eoDceming  tbe  pemieabilitj  o(  tbe  gaatrn-luteBtiDal  canal  for 
bacteria  refer  to  p.  560. 

'  Nattalt,  Jobiis  Hupkiaa  floflpital  Reporta,  vol,  TiiL,  p.  1,  1900.  For  stucliea  of 
flies  as  camera  of  typhoii]  see  Hamilton.  Jour.  Am,  Metl.  Assn.,  vol.  xl,,  February  38tb, 
1808,  p.  578;  also  Mnrtin.  Public  Health,  August.  1908. 

'Fora  resume  of  studies  on  the  congenital  traDsniiaslou  of  Infectious  agents  see 
WoMermann,  Id  KoUe  and  WassermaiiD'B''Handbuch  der  MikroorgODismcn."  lid.  1,,  p. 
380,  Bibl. 

•  'Man/redi,  Virch.  Areh.,  Bd.  clv.,  p.  335,  18M,  for  aatudy  of  the  gerniJciJal  and 
otlicr  action  of  lymph-uodes ;  also  Bezan(on  and  Labbe,  Arch.  Ac  Med.  experiment  ale  et 
d'Anat.  path,,  t.  x..  p.  889,  189S, 

'Consult  Slierrington,  "Experiments  on  theEscajM.'  of  Bacteria  with  Secretions." 
Journal  of  t^ithology  and  Bacteriology,  vol.  i.,  p.  358,  1893;  Bieiil  and  Krani,  Arch.  f. 
exp.  I'ath.,  Bd.  Xixvii,,  p.  1,  1895,  Bibl. ;  Ilintie  niid  Labanch,  "Ergebnisse  der  allg. 
Aetiologie  der  Menschen-  und  Tbierliranklieiten,"  189$,  p.  387.  For  study  of  disap- 
pearance of  liacteria  from  the  body,  see  Pii>eloiriik}i.  Zeits.  f.  Hygiene  und  Infect,  Krank- 
beiten.  Bd.  »8,  p.  2«1 ;  sec  also  ref.  to  Aieli.  p.  624. 

•  For  a  suggestive  summary  of  the  various  factors  which  are  or  may  be  concerned 
in  tbe  protection  of  the  body  against  tlie  invasion  and  action  of  micro-organisms,  see 
Mettser,  "  Phy^ological  Methods  of  Protection  of  the  Body  against  Bacteria,"  Trans,  of 
the  Congress  of  American  Physicians  and  Surgeons,  vol,  v.,  p,  13,  1900;  see  also  ret. 
to  'Wawiermann  above. 

See  also  for  Ibc  importance  of  a  lesion  in  animal  tissues  for  the  lodgment  and  mul- 
tiplication of  bacteria  within  it,  Cheinman  and  Mellier,  Jour.  Exp,  Med.,  vol.  iii.,  p. 
533;  also  on  the  significance  of  granulation  tissue  in  wound  infection,  Afannagieff,  Zieg- 
ler's  Beitfagp,  Bd.  xxii,,  p.  11,  1807;  also  CoUiett  and  Melmmf.  Centralbl.  f.  Path,.  Bd. 
ix..  p.  827.  1898,  Bibi. :  also  Jarselanaii.  Zieglcr's  BcitrSge,  Bd.  xxix.,  p,  93,  1901,  Bibl. 
For  the  rOle  of  the  spleen  in  infection  and  intoxication,  sec  Courmont  and  Duffiiit,  Arch, 
de  Med,  eip..  May,  1698,  p.  431,  and  Aicolai  and  Beau,  Jour,  de  Phys.  et  Patli.  gen., 
t  iii.,  1901,  p.  68. 
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with  but  verj'  slight  lesions  of  the  intestinal  mucosa,  bacteria  iu  lai^ 
uunibei-8  may  gain  access  thrungh  this  to  the  liver,  where  they  may  be 
destniyed  or  under  certain  conditions  eliminated,  either  through  the  bile 
or  into  the  body  at  lai^.' 

Action  of  Bacteria  and  their  Products  in  the  Body. 

When  bacteria  do  enter  and  grow  in  the  body,  the  cells  and  tissues 
near  them  may  show  very  marked  alterations,  due  to  their  influence. 
The  cells  may  be  swollen,  or  their  nuclei  may  disappear,  and  the  proto- 
plasm may  be  converted  into  a  mass  of  sbiuing  or  coarsely  granular 
particles,  or  may  completely  disintegrate.  The  intercellular  substance 
uear  the  liacteria  may  also  soften  and  distintegnite.  In  a  word,  the 
tissue  in  their  immediate  vicinity  is  often  fouud  in  a  condition  of  necro- 
sis of  one  kind  or  another.  The  walls  of  blood-vessels  near  which  they 
lie  may  be  damaged  and  the  blood  which  these  carry  may  form  thrombi. 
The  bacteria  may  themselves  enter  the  vessels  and  proliferate  in  the 
bl<MMi ;  they  may  l)e  swept  away  as  emboli  to  remote  parts  of  the  body 
(Fig.  41,  page  113),  and  establish  new  foci  of  bacterial  proliferation  and 
tissue  necrosis — septicremia. 

Some  bacteria,  instead  of  inducing  a  simple  necrosis,  incite  at  the 
flame  time,  as  we  have  already  seen,  a  more  or  less  intense  intlammatiou 
(Fig.  42,  i>agB  114).  This  inflammation  may  be  of  a  simple  productive 
fonn,  similar  in  its  effects  to  that  incited  by  the  presence  of  any  irri- 
tating foreign  body;  or  it  may  be  active,  progressive,  and  exudative  in 
character;  or  the  bacteria  may  detemiine,  in  some  way  as  yet  unknown 
to  us,  very  peculiar  and  characteristic  inflanunatorj'  changes,  which  re- 
sult in  the  formation  of  new  tissues  of  various  kinds  (see  Tuberculosis). 
Some  forms  of  bacteria  And  in  the  blood,  others  in  the  tissue  spaces  and 
lymph- vessels,  the  conditions  most  favorable  for  their  proliferation. 

But  the  presence  of  micro-oi^anisms  themselves  is  not  indispen- 
sable for  the  incitement  of  either  local  or  general  pathological  processes. 
These  may  be  indu<!ed  by  various  chemical  products  eliminated  or  stoi-ed 
up  in  their  protopla.'tm  by  the  metabolism  of  the  germs.  These  delete- 
rious bacterial  products  may,  as  we  have  alre^y  seen,  be  those  alkaloidal 
substances  called  imisonous  ptomai'ns  or  toxins,  or  they  may  be  albumi- 
noid substances — toxalbiimiiis  or  toxalbumonfls.*  Stored  up  in  the  proto- 
pln.sni  of  the  germs  themselves,  this  poisonous  material  has  been  called 
baderioprotein. 

Some  of  the  poisons  act  locally  at  or  uear  the  seat  of  their  manufac- 
ture by  the  growing  germs.  Others  gain  access  to  the  body  at  lai^e  and 
are  widely  distributed,  inducing  what  may  be  called  the  phenomeua  of 
septic  intoxication — toxinnia. 

'  Adiimi.  on  "  I^alent  Infection  ftn<l  Suliinfiirtion,"  etc.,  Joum.  of  tlie  Amer.  Med- 
Association,  December  16th  and  iSni,  WJ9. 

'  Much  of  the  literature  on  tlila  subject  liaii  Imcn  hroughl  tOKcther  by  Yaughan  and 
Jforj/,  "t^llulur  ToxlDS."    Tlie  ceneral  chemical  relationsliip  of  barierial  products  to 

otberorgauic  compounils  is  set  furtli  in  IlaUihnrlnii'i  "Texi-Book  iif  Chemical  Physi- 
ology anil  Pntholoiiy  " ;  si;e  ntso  Oi')ien/ieimei-  in  "Hacteriiil  Poisons"  In  Kolle  hdiI  Waa- 
's  "Ilandliucli  (ler  Mikroorgaiiiamcn,"  Ril.  i,,  p.  344. 
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The  phenomeua  of  septic  iutoxicatioQ  may  be  induced  by  the  prod- 
ucts of  bacterial  growth  outside  of  the  body  when  these  in  considerable 
quantity  are  in  any  way  taken  into  it.  This  is  true  not  only  of  poisons 
elaborated  outside  the  body  by  pathogenic  bacteria,  but  also  of  many 
forms  of  bacteria  usually  harmless.  Thus  are  caused  many  forms  of 
food  poisoning  which  simulate  but  are  not  actually  infectious  diseases, 
t>ecanse  there  is  no  developmeut  within  the  body  of  the  disease- inciting 
genns. 

Similar  local  and  general  effects  may  be  induced  in  the  body  by  other 
poisons  than  those  of  bacterial  origin.  Ricin  and  abrin,  for  example, 
well-known  vegetable  poisons,  and  the  venom  of  scorpions  and  of  certain 
snakes  are  closely  similar  iu  their  action  to  the  toxins  which  the  bacteria 
form  either  within  or  without  the  body. 

It  should  be  remembered  in  this  connection  that  effects  closely  i-esem- 
bling  those  due  to  bacterial  or  allied  poison  may  be  induced  by  toxic 
agents  developed  within  the  bwly  as  a  result  of  defective  elimination  or 
faulty  cell  metabolism — auto-inloxication  (see  p.  358). 

Thus  the  deleterious  effect.s  of  pathogenic  bacteria  upon  tlie  body  are 
but  in  small  nieasnre  simply  mechanical.  Local  necrosis'  and  indani- 
mation,  albuminous  degeneration  of  cells,  leucocytosis  and  other  altera- 
tions of  the  blood,  fe^er,  structural  lesions  and  functional  disturbances 
in  the  nervous  system,  irregularities  in  the  circulatory  and  respiratory 
mechanisms,  etc.,  may  follow  the  distribution  in  the  body  of  bacterial 
toxins. 

Proo&  of  the  Infective  Nature  of  Bacteria  Found  in  the 
Body. 

It  will  be  seen,  fi-om  what  has  now  been  said  of  the  bacteria,  that  in 
different  parts  of  the  system  in  health,  and  in  a  large  number  of  abnor- 
mal conditions,  various  forms  of  bacteria  occur ;  but  it  is  quite  evident 
that  the  significance  which  we  must  attach  to  their  inei*  presence  varies 
greatly.  In  a  large  number  of  cases,  especially  when  on  parts  exposed 
to  the  air  or  iu  the  gast  1*0- intestinal  canal,  they  are  evidently  of  no  more 
importance  than  so  much  inorganic  dust.  When,  however,  special  forms 
of  bacteria  are  uniformly  present  in  connection  with  well-defined  dis- 
eases, or  iu  their  lesions,  and  especially  if  these  largely  prepondcnite, 
the  conjecture  is  certainly  justified  that  the  micro-oi^anisms  may  liave 
something  to  do  with  their  incitement.  Yet  in  all  such  cases  we  have  to 
consider  the  possibility  tlmt  it  is  the  abnormal  state  of  the  body  or  the 
character  of  a  lesion,  brought  about  perhaps  in  other  ways,  which  affoi-ds 
conditions  suitable  for  the  growth  of  this  form  of  bacteria,  and  that  these 
nuiy  consequently  be  present  in  considerable  numbers,  while  in  the  ab- 
sence of  such  conditions  they  would  be  unable  to  develop.  Even  the 
constant  occurrence  in  the  body,  in  certain  diseases,  of  bacteria  which 
evidently  produce  well-marked  local  effects,  either  infiamnmtorj'  or  de- 
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generative,  does  not  absolutely  prove  their  etiological  relationship  to  the 
disease,  although  it  renders  it  in  a  high  degree  probable. 

It  is  desirable  in  every  case  in  which  the  evidence  of  the  etiological 
relationship  of  a  specific  uiicro-organism  to  a  disease  is  to  be  set  forth, 
that  we  should  be  able  to  demonatrate  the  constant  presence  in  the  body 
,  of  the  special  form  of  micro-organism  during  some  period  of  the  disease ; 
obtain  this  by  culture  in  a  pure  condition  unmixed  with  any  other  living 
thing  or  with  any  chemical  substance  not  belonging  to  it,  and  finally,  by 
the  introduction  of  the  purified  organisms  into  a  healthy  animal,  be  able 
to  produce  the  disease  in  some  definite  form.  Wlien  all  this  is  done,  and 
not  before,  can  we  assert  that  the  evidence  establishing  the  causative 
relationship  between  a  given  foim  of  bacteria  and  any  special  infectious 
disease,  is  entirely  at  our  command. 

But  the  fulfilment  of  these  strict  logical  requirements  is  very  difficult 
in  many  cases,  and  in  some,  apparently,  almost  if  not  quite  impossible; 
for  we  must  remember,  in  the  fii-st  place,  tliat  the  lower  animals,  upon 
which  alone,  for  the  most  part,  inoculation  experiments  are  practicable, 
arc  apparently  not  subject  to  certain  important  diseases  of  man ;  and, 
second,  that  they  present  among  themselves  the  most  marked  differ- 
ences ill  the  degi'ee  and  manner  iu  which  they  are  affected  by  inocula- 
tion with  pathogenic  bacteria.  I>esirable  as  is  the  complete  fulfilment 
of  the  above  requirements  in  every  case,  it  must  be  admitted  tliat  a  rea- 
sonable certainty  regarding  the  bacterial  origin  of  a  given  disease  may 
sometimes  be  arrived  at  without  positive  results  from  the  iuocidation  of 
the  bacteria  associated  with  its  lesions.  The  agglutination  test  applied 
under  proper  conditions  may  afford  valuable  evidence  of  the  nature  of 
an  infection  (see  p.  190), 

The  complete  demonstration  which  is  desirable  has  as  yet  been  fur- 
nished in  but  a  moderate  number  of  diseases.  In  many  othei-s,  however, 
enough  has  been  done  iu  the  way  of  study  and  experimentation  to  render 
it  altogether  certain  that  they  are  infectious  and  to  establish  beyond 
reasonable  doubt  the  identity  of  the  micro-organism  or  micro-organisms 
involved. 

Conditions  Influencing  the  Occurrence  of  Infections 

Ciseases. 

It  has  Iwen  learned,  as  the  result  of  a  great  deal  of  observation  and 
experiment,  that  although  certain  disesises  are  always  associated  with  the 
presence  and  growth  in  the  body  of  particular  species  of  micro-organ- 
isms, there  are  still  various  other  accessory  factors  which  have  au  im- 
portant bearing  upon  the  inception  and  course  of  the  diseases.  Thus, 
while  the  presence  in  the  body  of  a  particular  species  of  micro-organism 
is  the  most  significant  and  fundamental  of  the  determining  agencies  in  the 
infectious  diseases,  the  nural>ers  in  which  they  are  present — i.e.,  the  size 
of  the  dose — and  the  varying  virulence  which  the  same  species  under 
different  couditions  possesses,  as  well  as  the  varying  cai>aeity  of  resist- 


ed by  GoOgIc 


INFEOriON  AND  IMMUNITY.  167 

snee  to  the  incnrsiODS  of  the  germs  which  the  iMxly  cells  at  diiferect  times 
and  under  UifTeriDg  coiiditious  exhibit,  are  all  factors  of  the  greatest 
momeut. 

Malnutritioa,  mental  or  physical  overwork,  injuries,  bad  hygienic 
surroundings,  the  abase  of  alcohol  and  other  forms  of  inteniperauee,  as 
well  as  many  other  conditions  which  lead  to  deterioration  in  the  general 
health,  are  often  decisive  factors  in  determining  tlie  intensity  or  even 
the  occurrence  of  the  diseases  due  to  bacterial  incitement.  It  is  thus 
clear  that  the  action  of  a  given  germ  in  the  living  body  depends  only  in 
part  upon  its  iutriusie  capacities — which  in  themselves  are  very  variable 
— but  also  and  in  marked  degree  upon  the  capacities,  also  variable, 
which  exist  at  the  moment  in  the  body  cells  among  which  tlie  lot  of  tlie 
germs  is  cast. 

It  shoild  be  always  borne  in  mind  that  the  human  body  is  a  great 
aggngaie  of  groups  of  co-ordinated  cells  which,  under  normal  conditions, 
all  act  in  harmony  for  the  maintenance  of  the  life  and  functions  of  the 
individual.  The  cells  and  cell  communities  in  health  not  only  do  this, 
but  they  have  the  power  of  resisting  and  to  a  certain  extent  ovcrcomiug 
various  deleterious  agencies  to  which  the  body  is  more  or  less  constantly 
liable. 

What  we  call  hereditary  or  acquired  predisposition  to  an  infectious 
disease,  sueh  as  tuberculosis  for  example,  is  simply  a  lack  of  the  usual 
capacity  of  the  cells  of  the  body — whether  through  a  structural  or  physi- 
ological fault  we  do  not  yet  know — to  cope  with  the  destructive  tenden- 
cies of  the  living  micro-organisms  when  once  these  gain  a  foothold  in  the 
body. 

We  thus  see  that,  in  studying  the  conditions  under  which  infectious 
diseases  occur,  the  work  is  by  no  means  complete  when  the  bacterial 
species  which  incites  the  disease  has  been  discovered,  but  that  then  the 
more  obscure  determining  and  influencing  agencies  must  be  worked  out 
in  each  case. 

Infection  and  Immunity. 
INFECnOUS  DISEASE  AND  THE  NATURE  OF  INFECTION. 

Infectious  diseases  are  those  which  are  incited  by  the  entrance  into  the 
body  and  proliferation  there  of  pathogenic  micro-oi^anlsms.  Infcdion  is 
the  act  or  process  by  which  such  diseases  are  incited. 

In  the  more  exact  usage  of  the  words  infectious  and  infection  which 
our  new  knowledge  demands,  it  is  customary  and  convenient  to  limit  the 
term  micro-organism  to  the  fungi— bacteria,  yeasts,  and  moulds— and  to 
the  protozoa  representing  the  animal  kingdom,  excluding  altogether  the 
entozoa  and  other  animal  parasites.' 

'  For  a  reBumu  of  the  QBture  and  conditions  of  infection,  see  Wiiiaermann,  Kollc  anil 
Wassermaun's  "Handbuch  der  Miitroorganiamen,"  Bd.  i.,  p.  223,  Bibl. ;  for  a  study  of 
- ■   -    "       -   -   "'       mVi.il.  if     -    -"" 


u  of  the  Imdy  in  infection  si  ... 

'  With  this  somewhat  arbitrary  limitatioD,  neither  trichinosis  nor  scabies,  for  exam- 
ple, would  b«  considered  an  infectious  disease,  altliougL  they  arc  often,  for  tbe  lack  of 
a  distinctive  word,  thus  designated. 
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The  modern  eonceptioQ  of  infection  implies  the  presence  in  the  body 
of  tlie  Uvivg  mici-o-oi^nisras  tbemselvee,  that  is,  of  something  capable  of 
multiplication,  or  at  least  of  reproduction  and  development,  and  not  alone 
of  the  poisons  which  they  may  and  usually  do  produce.  It  is  customary 
to  look  upon  the  effects  of  the  alworbed  poison  which  micro- oi^nisms 
furnish  as  intoxications,  whether  these  poisons  be  formed  inside  the  body 
in  infectious  diseases  and  in  otiier  conditions,  or  outside  of  it  and  subse- 
quently introduced.  That  condition  in  which  thei-e  is  e^■idence  of  wide 
distribution  of  pathogenic  micro-organisms  and  their  products  in  the 
blood  is  called  septictpmia  (see  p.  202). 

It  is  e^■ident  from  what  has  been  said  tliat  infectious  disease  cannot 
exist  without  the  pi-esence  in  the  body  of  micro-organisms.  But,  on  the 
other  hand,  micro-organisms  can  and  do  frequently  exist  in  the  body 
without  the  incitement  of  infectious  disea.se.  Whether  a  micro-oi^n- 
ism  be  pathogenic  or  not  depends  upon  the  variable  susceptibilities  of 
the  host  as  well  as  upon  its  own — also  variable — nature  and  qualities. 
No  micro-organism  is  intrinsically  pathogenic ;  the  verj-  conception  im- 
plies a  relationship.  This  obvious  fact  is  overlooked  by  those  who  see  in 
the  micro-organisms  alone  the  essential  specific  features  of  infectious 
diseases;  who  would  classify  these  diseases  exclusively  by  the  nature  of 
their  excitants,  and  wlio  look  upon  the  latter  as  the  true  "causes"  of  the 
phenomena  through  which  disease  is  manifested  (see  p.  67). 

FOBHS  OF  INFECTION. 

Xized  or  Concnrrent  Infection. — It  should  t>e  borne  in  mind  that  the 
body  which  is  already  the  seat  of  an  infectious  disease  is  usually  espe- 
cially susceptible  to  the  action  of  other  patht^nic  germs,  should  these 
once  gain  entrance ;  and  also  that  the  lesions  which  are  associated  with 
many  of  the  infectious  maladies  afford  portals  of  entry  throagh  the  skin 
or  mucous  membranes  to  other  micro-oi^pinisms,  against  the  entrance  of 
which  the  healthy  body  opposes  most  efBeient  barriers.  In  fact,  we  now 
know  that  the  action  of  two  or  more  pathogenic  micro-organisms  in  the 
body  at  the  same  time  is  of  ver^'  frefjuent  occurrence,  many  of  the  so- 
called  complications  of  the  infections  disesiscs  being  due  to  secondary 
infection  with  a  new  germ  species.  Numerous  examples  of  this  "  mixed  " 
or,  better,  "concurrent,"  infection  are  noticed  in  other  parts  of  this 
book. ' 

Many  important  facts  have  been  revealed  by  the  study  of  bacterial 
association  in  cultures  as  well  as  in  infectious  diseases  of  men  and  ani- 
mals which  cannot  here  be  considered."  It  may  be  said  in  geneml  that 
in  animals  as  in  man  concurrent  infection  with  a  second  micro-organism 
incresises  the  gra\ity  of  the  original  situation.  On  the  other  hand,  cer- 
tain expei'iments  seem  to  indicate  that  sometimes  the  concurrent  action 

'For  bibliograpby  of  luixvd  iufecCioD  aec  BeriiJieim  afid  Gnibei:  Luliarscli  and 
Osierliig's  "Ergebnisse,"  Jalirg.  3,  for  1«95,  p.  I :  also  Wimermami.  in  Kolle  and  Was- 
senmiDD'E  ''Haiidbuch  dcr  Milcronri^iuiUnieii,"  Bd.  i.,  p.  307, 

*  Consult  I'h.  Bmilh,  Trans.  Assix^aiion  Amcricau  Pliysiciaas,  toI.  Ik.,  p  83,  I8R4. 
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of  a  second  germ — streptocoi^cuK.  for  example,  with  tlieautlirax  bacillus 
— may  reuder a  viruleut  oi^iiiam  comparatively  iunocuous.  Bui  the  con- 
dititius  of  the  experiments  are  in  either  case  so  complex  that  the  full  sig- 
nificauce  of  many  curious  plienomeua  is  not  yet  appareut. 

Congenital  Infection. — Infection  of  the  fcetus  through  such  lesions  of 
the  placenta  as  permit  of  the  passnge  of  pathogenic  micro  organ  isms  from 
the  blood  of  the  mother  to  that  of  the  child  is  of  ocni-sional,  but  not  fre- 
quent, occurrence.  While  the  tKirriers  against  such  transmissions  are, 
under  normal  conditions,  effective,  disturbance  in  the  placental  circula- 
tion, lesions  of  the  vessel  walls  or  of  the  tissues  and  covering  of  the 
chorionic  villi  favor  it.  But  infection  may  occur  without  demonstrable 
evidence  of  such  lesions.  Thus  foetal  infection  is  known  to  have  occurred 
in  various  phases  of  suppurative  inflammation,  in  tulK-rculosis,  typhoid 
fever,  anthrax,  syphilis,  the  exantliematons  fevers,  etc.  Tliei-e  is  con- 
Biderable  evidence  that  rarely  the  tubercle  bacillus  may  be  transmitted 
from  mother  to  offspring,  and  remaining  for  a  time  inactive  may  later 
iuduce  the  characteristic  lesions.' 

Terminal  Infection. — Tiie  victims  of  chronic  disease  of  the  heart,  blood- 
vessels, kidneys,  liver,  etc.,  are  particularly  susceptible  to  the  incursions 
of  iKithogeuic  micro-orgauisms  and  to  infectious  diseases  of  one  kind  or 
another.  Such  i)ersonfi,  with  or  witliout  definite  lesions,  are  in  fact  liable 
finally  to  succumb  to  the  complicating  disease.  The  phrase  "terminal 
infection  "  has  been  applied  by  Osier  and  others  to  this  concniTcnce  of 
diseases  of  such  different  nature,  in  which  the  chance  infection  of  a  vul- 
nerable oi^nism  is  so  apt  to  prove  fatal.' 

Gieat  care  is,  however,  neceasaiy  in  determining  the  significance  of 
the  various  forms  of  iKicteria  which  may  l)e  present  in  the  body  after 
death.  Not  only  may  bacteria  develop  to  a  cou-sidersible  extent  in  the 
body  during  the  hours  which  precede  death  when  the  natural  protective 
agencies  are  halting  or  atwyant,  but  this  may  occur  without  such  a  re- 
action on  the  part  of  the  body  cells  as  is  necessary  to  constitute  an  actual 
infection.  Furthermore,  multiplication  and  distribution  of  bacteria  in 
the  body  after  death  is  of  frequent  occurrence  and  mu-st  in  every  case  be 
taken  account  of  in  weighing  the  evidence  for  terminal  infection,* 

COHUUmCABIUTT  OF  INFECTIOUS  SISEASEa 

It  is  important  in  practical  de^ilings  with  the  infectious  diseases  to 
consider  them  in  the  light  of  the  relative  liability  of  transmission  of  the 
actually  known  or  assumed  micro-organisms  from  diseased  to  healthy 
individuals. 

In  the  first  place,  it  should  be  borne  in  mind  that  the  lower  antmala 

'  For  bibliograpliy  and  Bummary  of  fretal  infection  see  L'ibarKh,  "Ergelmisse  der 
allg,  Aeliologie  der  Mensclit'U-  und  Thierkrankbeilt'n."  Jnlirji.  L,  p.  427.  1885;  also 
FiKhl,  Graneher,  Coniby,  and  Matfait'g  "Truil6  doa  Maladies  de  I'Eiifaiice,"  t.  i.,  p. 
454,  bibliography. 

•  For  a  study  of  tliis  class  of  cases  Bee  Fleriiei;  Transactions  Assotiation  Anierican 
Physioiaus.  vol.  xi..  p.  228,  1898. 

'Consult  Aeh'ird  aiut  Phutpiii,  Arch,  de  Med.  expyrimentalo,  vol.  vii.,  p,  86, 1895. 
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are  insusceptible  to  the  ravages  of  some  of  the  micro-organisms  which 
readily  incite  infectious  disease  in  man.  Thus  the  lover  animals  are, 
so  far  as  we  know,  naturally  immune  to  syphilis.  To  certain  diseases  of 
the  lower  animals,  od  the  other  band,  man  is  not  subject.  But  to  certain 
other  infectious  diseases,  tuberculosis  for  example,  both  men  and  lower 
animals  are  susceptible,  and  both  are.  In  fa«t,  niider  the  prevailing  con- 
ditions of  modern  life,  frequent  victims. 

So  far  as  the  liability  to  the  transmission  of  the  infectious  agents  from 
man  to  man  is  concerned,  there  is  a  very  marked  and  significant  differ- 
ence between  the  infectious  diseases.  It  iacommon  usage  to  speak  of  the 
transmission  or  communication  of  disease,  as  if  disease  were  a  self-exist- 
ent thing.  This  usage  fosters  much  loose  thinking.  \Vhat  we  call  dis- 
ease is  a  process  luvolving  a  departure  from,  failure  in,  or  per\'ersion 
of  normal  physiological  action,  either  in  the  material  constitution  or  in 
the  functional  integrity  of  the  living  organism.  When,  therefore,  we 
speak  of  the  transmission  or  communication  of  disease,  what  we  really 
mean  is  not  that  the  disease,  but  the  agent  capable  under  suitable  condi- 
tions of  inciting  the  disease  is  transmitted  or  communicated.  If  we  hold 
this  ob\'ious  implication  in  mind,  it  is  useful  to  group  the  infectious  dis- 
eases of  man  into  two  great  primary  classes:  1st,  Those  which  under  the 
usual  conditions  of  life  are  not  readily  conmiunicable.  2d,  Those  which 
under  the  usual  conditions  of  life  are  readily  communicable. 

But  while,  for  convenience,  we  may  speak  of  tum-communicable  and 
communicable  diseases,  we  should  remember  that  these  two  classes  merge 
into  one  another,  and  that  in  fact  the  agents  of  infection  may  at  least 
artificially  in  all  cases  be  con\eyed  from  one  individual  to  another.  It 
is  only  when  the  conveyance  under  natural  conditions  occurs  in  a  round- 
about way,  or  through  intermediary  agencies,  such  as  the  mosquito  for 
example,  in  malaria  or  yellow  fever,  that  one  may  advisedly  speak  of 
nou- communicable  infectious  diseases. 

Among  the  communicable  infectious  diseases  there  exists  the  widest 
diflFerence  in  the  liability  to  transmission  under  ordinary  circumstances. 
Thus  the  infectious  agents  in  smallpox  and  scarlatina  are  given  off  from 
the  body  under  such  conditions  sis  render  possible  and  frequent  their 
direct  transmission  through  the  air  to  another  individual.  In  syphilis, 
tetauns,  and  rabies,  on  the  other  hand,  transmission  of  the  infectious 
material  is  rare  or  impossible  without  a  direct  inoculation. 

Bctweeu  these  extremes  the  widest  diversity  exists  in  the  liability  to 
transmission  of  the  infectious  agents  of  the  diseases  of  this  class.  In 
fact  the  liability  to  infection  on  the  part  of  a  healthy  individual  in  the 
presence  of  a  victim  of  infectious  disease  is  largely  dependent  upon  the 
intelligent  care  which  is  exercised  in  the  disposition  of  the  material  con- 
taining the  pathogenic  micro-orgauism  which  in  one  way  or  another  the 
infected  body  sets  free. 

So  that  while  it  maybe  useful  to  arrange  the  communicable  infectious 
diseases  in  groups,  or  in  such  serial  order  as  may  indicate  the  degree  of 
communicability  of  each  under  the  oi-dinary  conditions  of  life,  it  should 
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alvays  be  bonie  Id  miud  that  this  classificatioii  is  oot  fundamental  as  is 
that  by  wbich  the  infectious  diseases  as  a  whole  are  set  apart  from  other 
diseases,  but  is  closely  dependent  upon  the  sanitary  conditions  under 
which  each  ease  may  be  placed.  Thus  tuberculosis,  or  diphtheria,  or 
pueomonia  may  be  high  on  the  list  as  readily  communicable,  if  the  pa- 
tient be  housed  in  a  crowded  tenement  with  ignorant  or  careless  attend- 
ance, while  if  subjected  to  the  intelligent  ministry  of  sanitary  science 
these  diseases  may  be  accounted  as  relatively  slightly  communicable.' 

uonrHiirr. 
Nature  and  Forms  of  Immunity. 

We  have  seen  that  an  infectious  disease  is  one  incited  by  the  entrance  into 
the  hody  and  proli/ei-ation  there  of  pathogenic  micro-organis^m,  and  that  in- 
/eclion  is  the  act  or  process  by  which  such  a  disease  is  incited. 

The  fact  that  all  animals  are  uot  equally  susceptible  to  the  ravages  of 
pathogenic  micro-oi^uisms,  and  that  in  man  an  individual  and  often, a 
changing  predisposition  or  invulnerability  to  the  incursions  of  these  or- 
ganisms exists;  the  further  observation  that  one  attack  of  an  infectious 
disease  often  protects  the  victim  for  a  longer  or  shorter  time  against  a 
recurreuce ;  finally,  the  fact  that  recovery  is  ever  possible  when  once 
self-multiplying  disease- producing  germs  have  obtained  a  foothold  in  the 
body — all  these  facts  and  observations  are  of  such  singular  import  and 
interest  that,  especially  of  late  years,  much  study  has  been  expended  on 
the  nature  of  the  agencies  which  the  body  brings  into  play  in  establish- 
ing immunity  in  the  face  of  microbic  invasion,  and  in  coping  with  the 
various  deleterious  factors  at  work  when  once  a  footiiold  is  obtained. 
The  scope  of  this  t>ook  does  not  permit  us  to  enter  in  detail  into  this  most 
fascinating  and  important  field.  We  can  give  only  a  brief  summary  of 
some  of  the  more  important  features. 

Immunity  is  instisceptibiUty,  o>-  capacity  for  resistance  on  the  part  of  the 
body  to  disease,  or  in  the  more  limited  sense  to  infectimi  or  itttoxieation  or  their 
effects. 

If  we  recall  the  ways  in  which  bacteria  damage  the  organism,  it  will 
be  evident  that  immunity  may  be  due  to  the  fact  that  the  micro-organ- 
isms in  question  simply  do  not  proliferate  in  the  body,  failing,  even 
should  they  gain  entrance,  to  find  the  necessary  conditions.'    On  the 

'  Before  the  knowledge  ot  pathogenic  micro -orgaQisms  had  become  precise,  readily 
commuDicable  diseases  were  called  contagious  in  a  rather  loose  and  ill-defined  way,  and 
the  unknown  escitant  wss  rallied  the  mnlagiiim.  The  word  contagious  is  still  used,  tn 
Tarious  Benaes,  to  the  delrimeDt  ot  science.  We  can  get  along  well  enough  without  it 
by  the  use  of  the  word  communicable  as  above  indicated.  But  it  it  must  still  be  cher- 
labed  it  might  be  wisely  limited  to  the  exanthemata,  whose  inciting  agents  are  more 
readily  and  commonly  transmitted  through  the  air  from  the  body  of  the  patient  than 
are  those  of  any  of  the  other  iotiKtioits  maladies. 

'  For  a  moat  suggestive  and  valuable  paper  on  the  adaptation  of  pathogenic  bac- 
teria to  different  Bpeciea  of  animals  sec  Theobald  Smith,  Philadelphia  AlcdicaT  Journal, 
Hay  Sth.  1900. 
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other  hand,  thoiigh  the  conditions  be  in  general  favorable,  substaiices 
may  exist  or  be  foi-nied  in  the  body  which  destroy  the  invading  germs. 
In  other  n'ords  these  niay  at  ouce  or  sooti  be  disposed  of  by  germicidal 
substances,  either  iu  cells  oi'  in  solution  in  the  iKHly  fluids. 

Or,  the  toxic  substances  which  niicro-oi^niKiiis  set  free,  ok  in  the 
process  of  their  nutrition  they  decompose  organic  ingi-edienta  of  che  tis- 
sues or  body  fluids,  may  lie  rendered  inert  l)y  further  decomposition  or 
combination  with  substances  present  or  formed  iu  the  tissue  fluids.  Or, 
furthermore,  the  cells  which  are  susceptible  to  tlie  presence  of  the  toxius 
may  become  less  vulnerable  by  adaptation  to  the  deleterious  eflfccts  of 
the  latter.  Thus  by  a  total  unsuitability  of  the  tissues  or  of  the  general 
conditions  to  bacterial  growth;  by  destniction  of  the  invading  germs; 
by  neutralization  or  destruction  of  toxins;  or,  Anally,  by  a  capacity  of 
resistance  or  tolerance  won  through  adaptation  to  a  new  aud  intrinsically 
harmful  environment,  we  may  conceive  of  conditions  which  in  a  measure 
aecount  for  the  known  phenomena  of  immunity. 

Immunity  from  ail  infectious  disesise  may  l)e  natural  or  hereditary.' 

The  absolute  or  rehitive  insusceptibility  of  turtles  and  fishes  for  tet- 
anus, of  rats  for  anthrax,  and  of  the  lower  animals  for  syphilis  and  for 
scarlatina,  are  examples  of  hereditary  or  natural  immunity  which  we 
need  not  fuilher  consider  here.  Immunity  is  variable  and  rarely  abso- 
lute, and  is  subject  to  individual  iis  well  as  racial  variation. 

On  the  other  hand,  immunity  may  Im  acquired.  Acquired  immunity 
may  be  secured  by  an  attack  of  the  disease  from  which  the  individual 
has  recovered  —natural  immunization.  Or,  immunity  may  be  acquired  by 
the  introduction  into  the  body  of  some  material  which  gradually  dimin- 
ishes susceptibility  without  inducing  distinct  disease  —  artificial  im- 
munization. Acquired  imniuuity  may  be  transmitted  from  parent  to 
offspring. 

Most  of  the  infectious  disesises  appear  to  confer  a  certain  degree  of 
Insusceptibility  to  snbsc<iuent  attacks  of  the  same  disease,  though  this 
may  be  partial  and  temporary.  But  the  exanthemata  afford  the  most 
striking  examples  of  acquired  inmiunity  after  an  attack  of  infectious 
disease. 

Let  us  now  look  more  <'losely  at  some  of  the  ways  in  which  the  body 
may  thus  protect  itself  from  the  conse<iuenee8  of  infection. 

It  is  well  known  that  bacteria  artificially  introduced  into  the  blood 
of  animals  nmy,  after  a  short  time,  wholly  disappear  from  the  circulat- 
ing fluid,  and  Ix!  found  in  large  numbers  in  leucocytes  and  other  cells. 
We  have  already  seen  in  the  study  of  inflammation  (see  p.  116)  that  cer- 
tain cells  of  the  body  are  capable  not  only  of  taking  up  micro-organisms 
which  enter  the  tissues,  into  their  protoplasm,  but  may  there  kill  and 
destroy  them  (Fig.  8C).  This  mode  of  destruction  of  micro-organisms, 
largely  by  lenct>cytes,  but  also  by  other  mesodermal  cells,  which  when 

'For  asUnlvof  tlic  llieorics  of  natural  immunity  scp  Jffitller,  Cbl.  f.  Bak.,  Ablh,  I., 
B(l.  xxxiv.,  I9«B.  iii>.  4.W.  .I'llJ,  700.  For  a  stiuiy  witli  bililiojiraphy  of  the  protcclive 
process's  in  nuturai  itiimuuit)-  st-e  Kied.iill,  Zi'its.  f.  Hvf,'.  ».  Infkr,  Bii.  Ixiv..  1903,  p.  1. 
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thus  engaged  are  enlled  phagocytes,  plays  a  most  important  part  in  the 
establitihDient  of  immnuity.  On  the  other  hand,  certain  ingredients  of 
the  body  fluids,  formerly  called  alt-xhis  or  "defensive  proteids,"  acting 
outside  of  ceils,  have  been  shown  to  iiossess  marked  gerinieidal  iKiwers. 
While  thus  it  might  apitearthat  two  fairly  distinct  agencies  aro  of  im- 
portance in  enabling  the  body  to  resist  the  incnrsions  of  jtathogenic 
germs — cellular  or  "  pliagocy tic, "  and  what  may  l)ecalle<l  the"hnmonil" 
or  chemical— it  is  obvious  that  ultimately  whatever  destructive  powei- 


a.8e*.-^iAnorvTKs. 

il  miliKn-plR-  a  tvH'  boun  RfUr  Ibe  tnlmdurtlon  ot  tbe 


the  botiy  iwssesses  toward  micro -oi'gan isms  unist  be  dne,  directly  or  in- 
directly, to  cell  activities.  This  phase  of  immunity  has  been  character- 
ized as  anti-mkrobic,  anti-bacterial,  or  bactcriuli/lic  immuniti/,  l>ecause  it  is 
a  mode  of  protection  in  which  baeteiia  are  destroyed  or  their  growth  in 
the  body  is  limited  or  prevented. 

Xot  less  important  is  another  phase  of  immunity — antitoxie  immunity 
— by  which  the  body  protects  itself  against  the  toxic  substances  tliriuigh 
which,  in  many  instances,  the  most  serious  manifestations  of  infection 
occur. 

These  two  forms  of  immnuity — antitoxic  and  ant  i -bacterial  or  bac- 
teriolytic— will  be  coasidered  in  detail  in  a  following  section. 

Furthermore,  the  mici-obie  toxins  whicli  are  set  free  by  the  micro- 
oi^nisms,  like  other  poison.s  may  be  eliminated  together  with  the  waste 
products  of  Itody  metabolism  thi-ough  the  kidneys,  skin,  etc. 

Artificial  Immunizatidn. 

Oeoeral  Methods  and  Principles  of  Artificial  Immunization. — It  vt)n  not 
possible  to  gain  a  clear  conception  of  the  factors  entering  into  the  com- 
plex problems  of  immunity  until  animal  experimentation  had  i-evealed  a 
host  of  significant  facts  bwiring  directly  upon  questions  which  for  a  long 
tijne  had  seemed  insoluble.  It  has  been  found  as  the  result  of  experi- 
mental researches,  that  artificial  immunity  can  be  secured  by  gradually 
rendering  the  body  tolerant  to  the  presence  of  the  infective  or  toxic 
agencies  without  actually  inciting  the  characteristic  si)ecific  disease. 

I.  In  one  class  of  procedures  artificial  immunily  in  «f  cured  directJy  or  in- 
^recdy  through  the  action  in  the  body  of  bacteria  or  other  wicro/w*  trr  microbio 
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poisons  wliose  vinHeitce  has  been  in  one  way  or  another  redtu)ed  but  net 
rendered  altogether  inert ;  or  by  the  ai^ion  on  rdaticely  inauseeptible  ammais 
of  microbes  or  microbic  poisons  of  •unimpaired  virtUenee.  Immunity  induced 
in  this  way  as  the  result  of  direct  adaptation  of  the  body  crffo  to  the  new  con- 
ditions is  called  active  immunity. 

I.  Insuseeptiliility  to  particular  forms  of  ipfeetious  disease  may  be  conferred  by 
inocutatiOD  icith  cultura  of  the  germ  irteiting  the  infeciion  v</w»e  riruUnee  ha*  beta  artiji- 
cially  reduced.  Tbia  reduction  of  virulence  of  tlie  micro-organisms  may  be  accomplished 
in  various  ways — by  cultivation  at  temperatures  above  tUeir  optimum;  by  succeed ve 
inoculations  ini^  insusceptible  aniniaU;  by  prolonged  artilicial  cultivation  in  tlic  pres- 
euct  of  oxygen ;  by  exposure  to  certain  inorganic  chemical  substanct-s,  as  tbe  diphtheria 
bacillus  to  triclilorid  of  iodin,  aotlirax  to  bichromate  of  potash,  etc. ;  by  exposure  of 
cultures  to  organic  extracts  or  products  of  aDimal  or  vegetable  cell  metabolism;  by 
drying  (hydrophobia),  or  by  exposure  to  sunlight ;  and  in  other  ways. 

With  the  virulence  of  tlie  micro-organisms  reduced  in  varying  degrees  in  one  or 
other  of  tbe  ways  just  mentioned,  the  gradual  habituation  of  tbe  bodies  of  animals  to 
the  presence  of  pathogenic  germs  may  be  pursued  until  cultures  of  full  virulence  are 
tolerated. 

3.  Immunity  may  be  conferred  by  the  injection,  in  gradually  increasing  doses,  of 
the  metnbolic  product*  of  b(Kterial  growth,  either  with  or  without  the  dead  bodies  of  the 
germs  themselves— the  bacilli  of  typhoid  fever  for  example.  Tbe  primary  virulence  of 
these  usually  toxic  products  of  microbic  growth  may  be  in  various  ways  diminished, 
by  heating,  by  mixing  with  organic  extracts  such  as  that  of  the  thymus  gland,  or  with 
an  inorganic  chemical  substance  such  as  trlcblorid  of  Iodin,  or  by  small  doses  of  the 
already  prepared  antitoxin — see  below. 

S.  Irjmunity  may  be  secured  in  some  cases  by  tlie  inoculation  of  animals,  which 
arc  but  moderately  susceptible  to  the  species  employed,  with  small  but  increasing  quan- 
tities of  germ*  hating  unimpaired  viryUnre.  Under  these  conditions  tbe  animal  becomes 
less  and  less  responsive  to  the  germ,  until  finally  it  inay  display  no  reaction  after  a 
quantity  of  the  virulent  culture  which  at  first  would  have  been  inevitably  fatal. 

Immunization  in  man  by  the  direct  use  of  microbes  or  microbic  poisons  or  virus  of 
diminislicd  virulence  bas  been  largely  practised  in  typhoid  fever,  cholera,  and  hydro- 
phobia. 

Ill  active  inimuuity  the  protective  material  la  elaborated  by  the  im- 
munized iudividual,  the  process  requires  considerable  time,  and  the  effect 
lasts  for  a  considerable  period. 

II.  In  a  second  class  of  procedures  artificial  immunity  is  secured  by  the 
direct  mingling  of  the  body  fluids  from  an  individual  already  immunized  in 
some  of  the  above  ways  with  those  of  the  individual  to  be  protected.  Immunity 
secured  in  this  way  in  which  the  immunizing  subxtancc  tised  has  been  elaborated 
by  another  indindual  is  called  pamhiVB  IMMUNITY'. 

1.  attract*  of  t'trivv*  orijait*  and  tiianies  of  animals  suffering  from  infectious  disease 
rendered  gem)-frce  and  injected  inio  healthy  animals,  have  heai  found  in  sonic  cases  to 
confer  a  certain  degree  of  immunity. 

2.  The  WwKf  serum  of  iiniiiiiilt  naliir  illy  i  iiine  to  a  i«rticular  infectious  disease 
has  been  found  on  injection  into  those  whc  aesscpbetolhe  same  disease  to  im- 
part in  some  casi'S  a  certain  degree    f  in     seep    b     tj 

3.  The  hliiod  ternm  finally  n/(7  a*  hi  i  a  c  1  on  rendered  in  one  way  or 
another  artificially  immune  to  eerandseast.  if  in  rodu  cd  under  proper  conditions 
into  anolher  susceptible  animal,  has  been  found  n  t  on  v  o  confer  a  temporary  immu- 
nity, but  if  administered  to  an  alreadj  s  n  k  n  nd  dual  o  a  d  him  In  the  most  niarited 
andelHcient  way  to  overcome  tbcilclcteriousaginciesat  nork. 
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Tbe  use  of  blood  serum  ot  artiflciallj  Immunized  animals  for  this  purpose  Is  of  far 
greater  practical  importance  than  either  of  the  methods  1  or  2. 

In  passive  immanity  the  protective  material  is  fumistied  ready  made, 
the  effect  is  secured  at  oiice  aud  is  temporary. 

Antitoxic  Immunity. 

It  appears  from  a  study  of  the  results  of  artificial  immunization,  as 
well  as  of  the  immunity  which  is  involved  iu  the  natural  recovery  from 
infectious  disease,  that  one  of  the  ways  in  which  immunity  is  secured  is 
by  the  formation  of  substances  in  the  body  fluids  which  iu  some  way 
neutralize  or  suspend  the  action  of  toxins — afUUoxic  immunity. 

Thus  iu  diphtheria  and  tetanus  the  antitoxic  substances  are  largely 
developed,  while  in  many  other  infectious  diseases,  such  as  cholera  and 
typhoid  fever,  it  appears  to  be,  in  part  at  least,  throi^h  the  bacterio- 
lytic substances  that  protection  is  secured.  ^Vhile  in  many  instances 
both  of  these  types  of  protective  substances  may  be  formed  during  im- 
munization, one  or  the  other  is  usually  preponderant.' 

The  antitoxic  substances  are  most  closely  related  to  the  globulins, 
but  beyond  this  their  chemical  nature  has  not  been  definitely  ascertained.' 

The  effect  of  antitoxin  in  the  blood  iu  rendering  harmless  the  toxic 
sut>stauce8  which  they  form  apparently  is  accomplished,  not  by  the  de- 
struction of  the  toxins,  but  by  a  chemical  union  of  toxin  with  antitoxin, 
whereby  the  former  is  deprived  of  its  capacity  to  injure  cells. 

The  knowledge  of  this  antitoxic  immunizing  action  of  specially  en- 
dowed blood  serum  has  been  most  fully  developed  in  diphtheria  and 
tetanus. 

During  the  growth  of  the  diphtheria  bacillus  in  nutrient  broth  a  toxie 
substance  is  developed  which  mingles  with  the  broth.  This  is  called 
diphtheria  toxin,  and  subcutaneous  injections  of  this  toxiu  in  animals 
— guinea-pigs,  for  example — prove  fatal,  iu  appropriate  dosage,  with 
symptoms  aud  lesions  similar  to  those  caused  by  inoculation  with  the 
living  germ.  It  has  been  found  that  by  repeated  injections  of  the  diph- 
theria toxins  in  susceptible  animals,  at  first  with  small,  then  with  gradu- 
ally increasing  doses,  the  animal  may  at  length  become  so  insusceptible 
to  the  action  of  the  poison  that  many  times  the  usually  fatal  dose  is 
borne  without  sensible  reaction.  Similar  immunity  can  be  conferred  in 
certain  animals  by  the  use  of  the  living  cultures  of  the  diphtheria  bacil- 
lus either  fully  virulent  or  with  reduced  virnlence  (see  p.  174),  adminis- 
tered at  first  in  small  doses  which  are  gradually  increased. 

In  whichever  way  immunity  be  conferred,  it  has  been  found  that  the 

'  The  damage  or  destruction  of  bacteria  by  anti-bacteriol.  bactericidal,  or  bactcriolj'tic 
substances  naturally  limits  or  prevents  tlie  formation  of  toxic  materiula  by  tlie  micro- 
orgaDisms,  aJthough  the  cells  of  tbc  body  may  be  very  susceptible  tu  the  action  of  these. 
8o  that  the  absence  of  evidence  of  the  csiablishmcnt  of  antitoxic  immunity  iu  an  iofcc- 
tious  diacase  may  mean,  not  that  the  body  is  incapable  of  this,  but  only  that  no  oppor- 
tunity is  offered  for  its  development. 

'See  Hit)  and  Atkintm,  Journal  of  Experimental  Medicine,  vol.  v.,  p.  47,  1900. 
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blood  of  the  artificially  immunized  animal  coutalDs  a  substance,  or  sub- 
stances, called  dipbOieria.  antitoxin,  which,  on  being  introduced  with  the 
blood  serimi  into  other  susceptible  animals,  may  not  only  confer  a  quickly 
established  immunity — passive  immunity — but,  without  destroying  the 
diplitbeiia  germ,  may  protect  against  Its  toxic  effects  when  the  disease  is 
already  under  way.  Thus  through  the  artificial  immunization  of  horses 
and  the  hypodermatic  use  of  the  serum  of  their  blood  in  man  the  so-callfd 
"serum  therapy  "  has  assumed  a  very  important  and  beneficent  r&le  in 
the  prevention  and  treatment  of  diphtheria.' 

Besults  similar  to  those  obtained  in  the  study  of  diphtheria  antitoxin 
have  been  realized  in  the  investigations  of  tetanus.  But  the  practical 
value  of  Ihe  tetiuius  antitoxin  as  a  therapeutic  ttgent  is  less  obvious.  It 
has  been  shown  further  that  antitoxic  sera  may  t>e  developed  in  the  body 
during  immunization  to  smike  venom,  vegetable  poisons,  such  as  riein, 
and  to  other  albuminous  animal  and  vegetable  materials.  Ttius,  also, 
through  experimental  adaptation,  the  living  body  cells  may  elaborate  and 
set  free  into  the  senim  substances  which  suspend  the  action  of  ferments, 
like  rennet,  panereatin,  fibrin  ferment,  etc. 

Not  all  toxic  substances,  however,  are  capable  of  inciting  the  living 
body  to  the  formation  of  antitoxic  substances;  nor  are  these  apparently 
foiTned  in  such  considerable  amount  in  most  of  the  infectious  diseases, 
as  is  the  case  in  diphtheria  and  tetanus. 

The  iiction  of  these  antitoxic  substances  is,  within  certain  limits,  spe- 
cific; that  is,  the  antitoxin  of  diphtheria  protects  against  diphtheria, 
that  of  tetanus  against  tetanus,  etc' 

EHRLIOH'S   "SIDE-OHAIH"  HTPOTHESZS. 

We  liavc  seen  tliat  a  most  remarkalile  series  of  facK  is  developed  by  our  stiidiea  of 
infectious  diseases  illuminated  by  the  results  of  Aninml  experimcutatioD,  When  the 
liviug  body  is  Invaded  by  a  certain  toxic  complex  organic  material,  not  always  of  mi- 
crobic  origin,  tlie  body  adapts  itself  to  the  new  conditions  by  the  elaboration  of  sub- 
stances which  protect  it  from  the  action  of  that  poison.  Each  new  protective  substance 
is  effective  against  tlie  particular  ))iiisou  which  induced  its  fornialion.  Not  only  this, 
but  if  the  blood  serum  containing  these  new  protective  substances  be  transferred  to 
another  individual  they  protect  him  also — passive  iminuniiy— against  the  special  poison 
which  called  them  fnrlJi  in  the  body  of  the  flnit. 

How  are  we  to  conceive  of  this  wonderful  adaptive  power  of  the  living  body  under 
conditions  which  seem  to  be  wholly  new  in  the  life  of  the  individual;  a  power  which 
at  first  appears  to  trauscend  the  known  capacities  of  the  body  cells? 

>  The  antitoxic  value  or  power  of  each  specimen  of  antitoxic  scrum  is  experimentally 
determined  by  Hnding  the  antount  of  the  serum  required  to  prot^'Ct  the  test  animal 
against  liie  action  of  a  definite  amount  of  toxin  of  known  strength.  Various  slandards 
have  been  adopted,  the  value  of  the  scrum  being  expressed  in  terms  of  the  "anti- 
toxin unit."  For  example,  in  the  determination  of  antitoxin  value  made  use  of  by  the 
Department  of  Health  of  the  City  of  New  York,  an  antitoxin  unit  is  the  amount  of 
antitoxic  serum  required  to  protect  a  guinea-pig  weighing  850  grammes  from  death, 
when  one  hundred  times  the  fatal  dose  of  diphtheria  toxin  is  mixed  with  the  serum  and 
the  mjxture  injectetl  subcutaneously  Into  the  animal.  The  usual  dose  for  human  ad- 
ministration may  contain  from  three  hundre<l  to  six  thousand  units. 

'For  a  detailed  consideration  of  the  specificity  of  fi^ectious  agents  see  KoUt  in 
Kolle  and  Wassemianu's  "Haudbuch  derMikroorganismen,"  Bd,  L.  p.  388. 
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Tliis  singular  oapacily  of  tlie  IkkIj-  cells  to  develop  in  eraeTgencies  apparently  new 
■DbataQces  liaa  oaturally  given  rise  to  much  sfiidy  and  to  many  speculatioDS  and  hy- 
potheses. Tlie  scope  of  tliis  book  does  not  permit  even  an  euumcratiun  of  these.  But 
it  is  necessary  to  bring  forward  at  Iciist  in  outline  tlie  so-called  "  side  chain  "  liypotliesls 
of  Bbrlich,  by  which  he  Btrove  lo  account  for  the  phenomena  of  antitoxic  immunity  aa 
ekeDipllDed  with  especial  clearness  in  diphtheria  and  telanuit.  VYilhout  this  hypothesis 
tre  are  to-day  still  practically  at  sea  in  our  views  of  the  nature  of  antitoxic  immunity, 
while  this  remarkable  capacity  of  the  hody  to  nianufacture  the  greatest  variety  of 
potent  speciflc  antidotes  to  the  most  subtle  and  virulent  poisons  becomes,  for  the  first 
time,  comprehensible  in  tlie  light  of  this  ingenious  conception.  It  is  now  several  years 
BiDce  Ebrlicli's  hypothesis  was  enunciated,  and  whatever  may  be  its  merit  as  a  direct 
contribution  to  science,  there  can  be  no  doubt  ttiat  it  bos  been,  in  a  remarkable  degree, 
an  inspiration  to  the  most  friiitful  research.  It  is  practically  impossible  to  follow  the 
recent  work  on  immunity  without  a  knowledge  of  tliis  hypothesis  and  familiarity  willi 
tlie  nomenclature  to  which  it  liaa  given  rise. 

In  order  to  comprehend  the  hypothesis  of  Ehrlich  regarding  the  origin  and  nature 
of  antitoxin,  it  is  necessary  for  us  lo  form  witli  him  a  clear  conception  of  cell  assimila- 

We  conceive  of  the  cell  as  a  mechanism  for  the  storage  of  energy  derived  from 
without  and  for  lis  release  under  definite  conditions.  This  storage  of  energy  is  possible 
through  the  assimilation  and  liuihling  up  by  the  cell  of  coniplex  molecular  combina- 
tJODS.  These,  owing  to  their  instability,  are  readily  resolved  into  less  complex  and 
more  stable  combinations  with  the  release  of  the  stored-up  energy.  Thus  Is  the  life  of 
the  cell  inanifesi«d. 

This  broa<1  conception  of  the  cell  is  a  purely  intellectual  one.  however,  for  the  de- 
tails of  cell  metabolism  still  elude  the  keenest  scrutiny  of  the  chemist.  He  cannot  for- 
mulate protoplasm  nor  express  Its  chemical  clianges  by  proportionate  symbols. 

Now,  accepting  this  condition  of  affairs  as  for  the  moineot  inevitable,  Ehrlich 
Becks  to  express  hie  view  of  tlie  character  of  the  cell's  performances  iu  general  terms. 
disregarding  its  morphological  pccullarilies,  somewliat  us  follows :  We  may  conceive  of 
the  cell  aa  consisting  of  a  central  group  of  very  complex  molecular  combinations  which 
maintains  the  cliaracteri sties  and  special  capacities  of  the  cell  as  an  organism  under  all 
the  vicissitudes  of  its  existence.  Associated  with  this  central  organic  group  are  many 
and  varied  subsidiary  atom -complexes  which  by  means  of  their  unsatisfied  atllnitics 
bring  the  central  group  into  relationship  with  food  material  through  those  chemical 
combinations  which  in  living  protoplasm  characterize  assimilation. 

These  unsatisiled  aBlnities  by  which  assimilable  material  is  fixed  or  united  to  i lie 
cell  have  been  called  "side  chains,"  a  term  adopted  from  the  chemist.  Not  to  press  too 
closely,  however,  the  analogy  between  the  chemical  processes  iu  lifeless  sutistances  and 
aasimilation  in  living  matter,  these  affinities  or  "side  chains"  of  protoplasm  are  now 
commonly  called  reeeplori. 

If  we  seek  to  illustrate  Ehrlich's  conception  we  shall  be  obliged  to  use  graphic 
figures  of  extreme  crudity.  If  tlic  arc  of  a  circle  in  Pig.  87  represents  a  portion  of  the 
periphery  of  a  cell,  wo  may  ludicalc  the  side  chains  or  affinities  or  receptors  by  projec- 
tions whose  special  Bliapc  shall  indicate  their  special  capacity  to  combine  with  any 
substance  coming  in  contact  with  them  under  favorable  conditions.  Suppose  in  this 
figure  we  let  a  represent  a  nutrient  molecule  which  is  capable  of  combining  with  the 
receptor  b,  belonging  to  the  cell  A  Through  its  uuion  with  b,  and  only  through  this. 
is  it  capable  of  entering  into  the  metabolism  of  the  ceil.  This  molecule  a  cannot  unite 
with  tiie  receptor  c  or  d,  but  only  with  sucii  receptors — lo  use  the  crude  expression 
which  our  illustration  requires— as  it  fits.  Through  tlie  receptors  e  and  d  otiier  forms 
of  food  molecules  may  enter  into  tlic  metabolism  of  the  cell. 

Thus  it  is  in  Ehrlich's  conception,  which  after  all  is  only  a  graphic  way  of  illustrat- 
ing the  preliminary  phases  of  assimilation  by  living  protoplasm,  that  the  cell  is  capable 
of  selecting  or  "fixing"  out  of  the  host  of  various  substances  with  which  it  comes  in 
contact,  just  those  and  only  thoae  to  which  Its  receptors  bear  a  definite  chemical  rela- 
tionship 
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The  same  thing  is  true  of  toxic  as  of  Dutrient  aiibatancea.  Id  order  to  be  toxic  to 
the  cell  they  must  eaiev  iato  chemicnl  T^ombinatioQ  with  &  auitAble  receptor  of  the  cell. 
Then  only  can  they  lead  to  the  forms  of  damage  which  we  are  lierc  conaidering. ' 

Aa  the  result  of  many  studies  on  tlic  nature  and  effects  of  toxiaa,  Ehrlich  is  led  to 


^ 


believe  that  tlie  toxin  molecule  couaists  of  two  forma  of  afflDltiea;  one  through  n'hicfa 
the  chemical  uoiou  with  the  cell  is  effected— called  tiie  liaptopliorus  group;  and  the 
other— called  the  toxopliorous  group— by  whicli  the  damage 
to  the  cell  is  brought  alwut  wlien  once  the  toxin  molecule  is 
anchored  to  it. 

This  conception  may  be  illustrateil  aa  in  Fig.  88,  in 
which  the  toxophoroua  group  a  of  the  toxin  molecule  can  be 
effective  in  damaging  the  cell  only  when  imil«d  to  the  latter 
by  the  liaptophorua  group  b. ' 

Having  now  conceived  of  the  living  cell  as  consinting  of 
a  central  essential  complex  molecular  group,  brought  into  re- 
lationship with  its  food  materials  by  means  of  a  great  number 
of  tiie  most  varied  receptors,  through  which,  under  normal 
conditions,  assiniilatioD  is  secured,  let  ua  see  what  may  hap- 
pen if  toxins  come  in  contact  with  living  ceila  which  are  fur- 
nished wltii  receptors  capable  of  uoitiug  with  thcin. 

The  union  of  the  toxin  molecule  with  the  living  cell  being 
effected,  the  cell  is  more  or  less  damaged.    It  the  damage  be  sufficient,  titc  cell  dies. 

'It  ia  evident  from  what  has  been  said  about  the  conditions  under  which  aubatancea 
can  be  toxic  that  the  natural  immunity  of  one  animal  to  a  given  agent  which  is  toxic 
in  another  may  be  simply  due  to  the  fact  that  tlie  cells  of  the  former  have  no  receptors 
with  which  tliia  agent  can  unite,  or  if  thia  union  does  take  place  that  the  cell  is  not 
thereby  damaged.  This  consideration  lias  an  important  bearing  upon  our  conception 
of  natural  immunity. 

'Eiirlich  was  led  to  this  belief  in  the  complex  nature  of  the  toxin  molecule  through 
the  curious  fact  tliat  diphtheria  toxin  may  under  a  variety  of  conditions  lose  its  toxicity 
but  still  retain  its  capacity  of  neutralizing  antitoxin  and  also  of  uniting  with  cells,  and 
thus  inducing  the  formation  of  antitoxin  in  the  animal  body.  Such  toxin  molecules 
deprlveil  of  the  toxophoroua  group  are  called  toxoids. 


f' 
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But  suppose  the  damage  to  be  but  stigLt.  as  mAy  be  the  case  In  artiflcial  fmmuDiza- 
tion  or  iu  early  stages  of  an  infection.  The  cell  is  at  least  deprivml  of  tlic  useful  otBces 
of  the  receptor  to  nlilch  tlic  loxin  molecule  is  now  unitc<l.  This  is  in  itself  a  loss  to  the 
ceil,  nnd  tlirougli  tlie  regenerative  impulses  conimnu  to  ail  living  cclis  it  proceeds  to 
regenerate  the  lost  parts,  which  in  tbis  case  are  tlie  receptors.  But  aa  more  receptors 
arc  thruwD  out  of  function  by  the  continued  action  of  the  toxin,  tlie  necessity  for  com- 
penaatioD  continues. 

Now  it  is  a  fact  long  known  to  pathologists,  an<I  especially  emphasized  by  Weigert, 
that  the  regenerative  impulse  is  apt  to  be  in  excess  of  the  obvious  rc<iuirements  and 
leaila  to  overproduction  of  new  cells,  tissues,  chemical  substances,  etc.  This  is  what 
now  happens  to  the  cells,  some  of  whose  receptors  have  been  rendered  useless  by  com- 
bination with  the  toxin.  New  receptors  are  formed,  more  than  the  cell  requires;  so 
numerous  may  these  become  that  many  arc  at  last  cast  off  Into  the  blood.  Here  is  the 
point  at  last.  T/ie»e  reeeplon  or  tubgUtiias,  ivjrmiiland  untfnl  to  the  body,  but  now  formed 
in  tjvett  tUrough  oTer-eompeiaation,  and  ael  free  from  Ihe  celU  into  iht  body  ftuidi,  nre  t/ie 


For,  set  free  in  the  body  fluids,  these  superfluous  receptors  still  retain  their  com- 
bining power  for  tlie  free  toxin  molecules,  wbich,  also,  are  in  solution  in  the  body  lluids, 
and  unite  with  them.  This  union  having  been  elTected,  the  toxin  molecules  are  no 
longer  a  menace  to  the  cell,  because  the  ulfinitlea  are  now  salisBed  througli  which  they 
joined  the  receptors  while  these  were  still  a  part  of  the  cell,  and  in  this  way  became 
harmful.  This  now  inert  combination  of  toxin  molecules  and  detached  receptors  Is 
physiologically  indiilerent  stuff,  and  may  he  removed  from  the  body  by  the  usual  proc- 
esses of  excretion. 

But  the  antitoxin  which  has  not  united  with  toxin  In  the  body  of  the  animal 
which  produced  it  is  still  available  on  the  transference  of  the  scrum  to  another  In 
dividual  whose  blood  contains  diphtheria  toxin,  and  who  may  thus  secure  passive 
immunity. 

If  we  have  recourse  again  to  .the  graphic  mettioil,  the  hyperproductlon  of  recep- 
tors by  Ihe  damaged  cell,  their  separation,  and  their  action  as  antitoxin,  may  be  indi- 
cated, as  In  Pig.  Ml.  Let  A  represent  a  portion  of  a  cell  boily.  The  toxic  molecules 
a,  uniting  with  the  receptors  b,  lead  through  tlic  injury  to  the  cell,  as  well  as  by  its 
deprivation  of  tlie  normal  use  of  b,  to  the  production,  and  at  length  to  the  overproduc- 
tion of  new  receptors  of  the  same  kind.  These  superSuous  receptors  e  are  now  set  free 
into  the  body  fluids.'  where,  aa  at  r,  they  may  freely  unite  with  the  toxin  molecules, 
forming  harmless  compounds  and  preventing  further  access  of  the  toxin  to  the  cell, 
where  alone  the  damage  can  be  done.  Or,  when  free,  as  at  g.  the  receptors  may  he 
transferred  In  the  serum,  becoming  effective  as  antitoxin  in  another  individual. 

It  is  well  to  note  tliat  so  long  aa  tlio  receptor  maintains  Its  connection  with  the  cell 
It  is  not  antitoxin,  but  an  element  of  vulnerability  to  the  cell.  It  is  only  when  the 
recept<ir  has  been  set  free  from  the  cell  that  it  is  antitoxin. 

The  antitoxic  substance  which  neutralizes  the  action  of  the  toxin  molecule  of  diph- 
theria is  not  effective  for  the  pois<m  of  tetanus,  for  example,  simply  because  it  does  not 
combine  with  the  molecule  of  tetanus  toxin.  It  is  Hpecific  for  diphtheria,  because  It 
was  the  diphtheria  toxin  which  excited  Its  overproduction  through  a  chemical  union 
identical  in  character,  whether  this  union  takes  place  while  the  receptor  is  a  part  of  the 
cell,  in  which  case  the  toxin  becomes  harmful,  or  when  the  receptor  is  detached  from 
the  cell,  in  which  case  the  combination  is  harmless. 

In  the  light  of  this  hypothesis  the  specillc  character  of  the  antitoxic  substances 
appears  to  be  but  the  result  of  adaptation  to  unusual  conditions  of  cell  capacities  evolved 
and  fostered  for  the  cvery-day  maintenance  of  life.  The  specific  relationship  between 
the  toxin  an<l  the  antitoxin  is  not  developed  during  immunization,  but  existed  before- 
hand  as  a  necessary  condition  of  to.tic  action. 

This  hypothesis  not  only  accounts  for  the  formation,  protective  action,  and  sped- 
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Bcily  of  antitoxin,  but  reveals,  also,  a  special  sigoificance  Id  Ibe  incubation  perind,  liuT- 
ing  wliicti  Cbe  coDservativu  forces  are  musteriag.  We  can  realize,  furthermore,  iu  tlie 
liglit  uf  tills  liypotbcsU.  liow  it  ia  that  the  protection  eenured  in  active  immunization  is 
less  immediate  and  also  why  it  is  more  prolonged  tliao  in  the  passive,  since  In  the  latter 
the  available  antitoxin  is  limilcd  to  tlic  dosage  and  is  not  replenished  as  in  active  fm- 
munity  by  the  continued  cell  activities  of  the  affected  individual  himself. 

The  conception  of  Ehrlich  as  to  the  nature  of  antitoxin  is  that  of  the  clicmisC,  and 
carries  over  to  tlie  performances  of  protoplasn)  the  presumptions  upon  which  chemical 
a  general  are  c<incei veil  and  formulated.     But  this  is  not  an  easy  matter,  since 


FlO.  89;— DiAOHAU    ILM'STB<T[NO    THK   FORMATION    ANH  ACTION  Or   ANTlTOXtN   IN    ACCORDA.KCK   WITH 

EHHLTCH'S  "8IDE-CHA1S"  HVPOTHIBIS. 

A,  PortloD  of  cell  body ;  b,  reetiplnrs  winblniid  vlUi  celt  pniluplBBU :  e,  rwepliira  wpamed  from 
ml] :  n.  luxlti  molecules :  ir,  Ireu  rweptura— amltuxln. 

our  knowledge  of  the  ultimate  phases  uf  protoplasmic  metabolism  is  very  iocomplete. 
The  physiological  chemist  presents  to  lis  as  his  flnal  achievement  iu  analysis  an  ex- 
tremely elaborate  complex  which  he  calls  the  proleid  molecule.  This  he  does  not  yet 
venture  to  formulate.  Thus  it  is  that  when  we  attempt  to  illustrate  in  graphic  fashion 
our  conception  of  the  performances  of  proteid  molecules,  either  in  normal  metabolism 
or  in  poisoning,  we  arc  forc<'d  to  use  the  crudest  of  symbols.  The  use  of  such  symbols 
is  not  witliouC  hazard,  for  these  toxins  aixl  these  receptors  arc  in  truth  not  histological 
structures,  but  molecular  groups;  they  ore  not  alone  upon  the  surfaces  but  through 
nil  the  mass  of  the  protoplasm.  They  do  not  "break"  off  from  the  cell,  but  are  set  free 
OS  are  other  clicmlcul  substances  whicii  result  from  molecular  traitsfonnatinna.  Thus 
if  one  cannot  at  last  translate  these  uncouth  symbols  into  the  nice  conceptions  of  the 
chemist  they  will  prove  but  stumbling  blocks. 

There  has  been  much  discussion  of  Ehrlich 's  hypothesis,  and  It  has  withstood  many 
assaults,  mostly  inspired  by  misconceptions  of  tiie  fundamental  claims.    The  scope  of 
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this  book  does  not  permtt  us  to  constder  the  manj-  and  iugenioiia  expcrimcnta  by  whicli 
tliis  view  of  antitoxic  immuoity  bas  been  suslaiDcd.  nor  ia  it  practicable  now  to  call 
atteotioD  to  many  of  tbe  phenomena  not  yet  accounted  for  or  seemingly  inconaietent 
■with  the  iolerpretations  here  set  forth 

It  is  a  working  hypotliesis  which  no  doubt  Indicates  but  crudely  the  nature  of  the 
subtle  processes  concerned,  as  must  indeed  be  the  case  wliiie  our  knowledge  of  the 
phases  of  energy  wliich  away  and  determine  life  are  still  very  meagre^  but  it  has 
already  inspired  much  fruitful  rcscHrch  wbicli  la  an  Important  feature  of  working  hy' 
potheses  in  whatever  lield,  and  whatever  tlieir  ultimate  fate. 


Bactericidal  or  Anti-bacterial  Immunity  (Bacteriolytic 
Immunity) , 

All  extended  series  of  studies  on  artificial  immuTiization  has  shown, 
as  we  have  seen,  that  in  relatively  few  instances,  notably  in  diphtheria 
and  tetanus,  is  tbe  protection  secured  by  the  formation  of  antitoxic  sub- 
stances. Nevertheless,  when  in  some  of  the  ways  detailed  above  (p.  174) 
an  animal  has  been  gradually  adapted  to  cultures  of  pathogenic  bacteria 
either  living  or  dead,  or  to  their  products,  it  has  been  found  that  the 
body  fluids  contain  protective  substances.  The  protective  action  in  these 
instances  iu  some  cases  has  been  shown  to  be  associated  with  the  induc- 
tion of  morphological  chauges  in  bacteria  which  indicate  their  damage 
or  destrnction — bacteriolysis.  Active  immunization  in  man  with  the 
dead  bodies  of  their  respective  bacteria  has  l>een  widely  practiced  in  ty- 
phoid fever,  Asiatic  cholera,  and  plague,  with  apparently  favorable  re- 
sults, while  the  use  of  the  serum  of  immunized  animals,  in  these  and  cer- 
tain other  diseases,  has  not  l>eeu  thus  far  very  encouraging  in  conferring 
passive  immunity. 

While,  therefore,  the  data  at  hand,  in  those  artificial  immunizations 
which  are  not  antitoxic,  point  to  the  gennicidal  and  bacteriolytic  action 
of  substances  developed  iu  the  body  as  the  important,  if  not  the  domi- 
nant protective  factoi-s,  there  may  be  many  other  processes  contributing 
to  the  same  end,  which  aie  as  yet  not  clearly  defined.  Thus,  there  may 
be  increased  phagocytosis;  vulnerable  body  cells  may  become  less  suscep- 
tible, the  growth  of  t>acteria  may  be  inhibited  though  they  be  not 
destroyed,  etc.     But  these  possibilities  cannot  be  discussed  here. 

Furthermore,  it  should  not  be  forgotten  that  the  antitoxic  action  of 
proteetii'e  sera  may  often  be  associated  ivitlt  those  agents  which  directly 
damage  the  infecting  organism. 

As  regards  the  destruction  of  bacteria  iu  the  bod}',  we  have  seen  that 
this  may  take  place  directly  through  the  action  of  phagocytes  or  by  the 
action  of  the  body  fluids.  But  the  details  and  exaet  nature  of  this  de- 
structive process  have  l>een  extremely  difficult  of  study,  owing  to  their 
complexity  and  the  minuteness  of  the  micro-organisms.  Quite  recently, 
however,  a  series  of  remarkable  studies  in  a  related  field  have  led  to  a 
clearer  conception  of  the  ways  in  which  bacteria  and  many  other  alien 
organic  substances  are  destroyed  in  the  body,  under  ordinarj-  circum- 
stances aa  well  as  under  the  special  conditions  which  infection  involves. 
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Several  years  ago,  Pfeififer  showed  that  the  blood  semm  of  a  guioea- 
pig,  artificially  iiUDiuiiized  against  the  cholei-a  vibrio,  was  capable,  under 
certain  coDditious,  of  not  only  immobilizing  aud  killing  cholera  germs  in 
a  short  time,  but  also  of  causing  their  disintegration  and  destruction. 
This  signiiicaDt  capacity  of  immune  serum  was,  after  a  long  series  of  ex- 
periments, finally  found  to  be  due  to  two  distinct  substances.  One  of 
these  appeai'ed  to  be  formed  in  the  body,  as  the  result  of  the  gradual 
adaptation  of  the  animal  to  the  cholera  microbe,  aud  was  called  the  im- 
mune substance.  The  other  seemed  to  be  normally  present  in  the  serum 
of  the  wann-blooded  animals,  and  to  be  identical  with  the  substance 
which  had  long  tjeen  regarded  as  in  itself  germicidal,  aud  which  had 
been  called  by  Buecliner  alexin.  It  was  presently  found  that  lysis  of  the 
cholera  microt>e  occurred  only  when  these  two  substances  act  together, 
neither  of  them  when  separate  having  lytic  power.  If  the  two  substances, 
the  inimaue  substance  and  the  alexin,  lytic  when  together,  are  heated  to 
56°  C,  the  Ij-tic  capacity  is  lost.  But  if  a  small  amount  of  fresh  blood 
serum  containing  alexin  be  uow  added,  the  lytic  power  is  at  once  re- 
stored. Tliese  curious  facts,  set  forth  iu  part  by  Pfeiffer  and  further 
developed  by  Bordet  aud  Metschnikoff,  obviously  have  an  important 
bearing  upon  our  conception  of  the  processes  by  which  those  phases  of 
immunity  are  secured  in  which  the  destruction  of  microorganisms  plays 
au  important  part. 

But  the  study  of  the  effects  of  lytic  sera  upon  bacteria  is  one  of  great 
technical  difficulty,  so  that  it  is  only  since  an  important  series  of  obser- 
vations were  made  upon  the  lytic  action  of  the  body  fluidson  other  and 
more  easily  studied  forms  of  cells,  that  our  conception  of  the  nature  of 
bacteriolysis  has  become  at  all  clear. 

It  is  therefore  necessary  for  us  to  look  briefly  at  a  new  line  of  research 
bearing  upon  bacteriolytic  immunity  which  has  ali'eady  led  to  most 
significant  results  aud  ojieued  biological  fields  of  gi'eat  scope  aud  com- 
plexity. 

Cytolysis. — It  has  l)een  known  for  some  time  that  the  blooil  serum  of 
one  animal  species,  when  injected  into  the  vessels  of  another,  may  do 
serious  damage  aud  even  kill  the  latter  through  a  rapid  separation  of 
the  hiemoglobiu  from  the  red  blood-corpuscles.  This  dangerous  eflTect 
brought  to  a  si)eedy  end  attempts  which  were  at  one  time  made  to  sustain 
the  ebbing  forces  of  life  by  the  tmnsfnsion  of  alien  blood.  But  the  sig- 
nificance of  this  so-called  "laking"  of  the  blood  by  mixture  with  alien 
sera  was  overlooked. 

Bordet,  howe^■e^,  was  recently  led  to  inquire  whether  if  the  animal 
body  be  capable  of  adapting  itself  to  toxic  substances  and  to  bacteria  in 
such  a  way  as  to  neutralize  the  effects  of  toxins  and  to  destroy  bacteria, 
as  had  been  shown  by  earlier  experiments,  it  may  not  respond  similarly 
to  the  introduction  of  other  foreign  substances,  such  as  alien  red  blood 
cells,  for  example. 

The  blood  serum  of  the  gninea-pig  is  not  normally  lytic  for  the  i-ed 
blood  cells  of  the  rabbit;  that  is,  it  does  not  cause  the  separation  of  the 
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beemc^lobiu  from  th«  stromata,  with  a  partial  destructiou  of  the  latter.' 
Sow  Bordet  injected  a  few  cubic  centimeti-es  of  the  whipped  blood  of 
the  rabbit,  containing  the  serum  and  red  blood  cells,  into  the  subcutane- 
008  tisBoe  or  peritoneal  cavity  of  normal  guinea-pigs.  This  operation, 
which  does  not  markedly  interfere  with  the  well-being  of  guinea-pigs, 
was  repeated  five  or  six  times  with  intervals  of  a  few  days.  When  now 
blood  was  drawn  from  the  treated  pig,  allowed  to  clot,  and  the  clear 
serum  secured,  it  w^  found  to  have  become  markedly  lytic  for  rabbit 
corpuscles.  A  very  small  proportion,  mixed  with  rabbit's  blood  diluted 
with  physiological  salt  solntion,  in  a  shoi't  time  brought  the  hfenioglobiu 
into  a  clear  ruby  solution  in  which  the  stromata  or  "ghosts"  of  the  cor- 
puscles floated  as  a  pale  and  scarcely  visible  cloud.  This  process  is  called 
htemoiysU :  serum  possessing  this  capacity  is  called  hamohjtic  or  hwmoiomc 
serom. 

This  adaptation  of  one  animal  to  the  red  blood  cells  of  another  species 
may  be  accompli^ed  without  difficulty  with  a  great  variety  of  animals. 

But  a  most  remarkable  thing  about  this  newly  acquired  lytic  capacity 
of  the  serum  is  that  it  is  limited  to  the  red  coi-puscles  of  the  species  of 
animal  whose  blood  was  used  for  the  injection — in  Bordet 's  experiment 
to  the  corpuscles  of  the  rabbit.  Red  blood  cells  of  the  dog,  eat,  sheep, 
bovines,  fowl,  etc.,  are  no  more  affected  by  this  serum  of  a  guinea-pig 
which  has  been  adapted  to  the  blood  of  the  rabbit  thau  they  were  before. 
In  other  words,  the  adaptation  to  foreign  corpuscles  is  specific. 

The  statement  that  this  adaptation  to  alien  blood  is  specific — that  is 
to  say,  that  the  serum  becomes  active  only  for  the  corpuscles  of  the  spe- 
cies injected,  should  be  so  qualified  as  to  recognize  the  curious  fact  that 
a  slight  degree  of  lysis  may  often  be  induced  in  corpuscles  of  species  of 
animals  very  closely  related  to  those  from  which  the  injected  blood  is 
derived.  For  example,  if  a  rabbit  be  adapted  to  human  blood  by  intra- 
peritoueal  injections,  the  serum  of  this  rabbit,  now  strongly  lytic  for  the 
corpuscles  of  man,  may  be  slightly  lytic  for  the  corpuscles  of  monkeys. 
Similarly,  semm  artificially  lytic  for  the  red  cells  of  goate  may  be  slightly 
lytic  for  those  of  sheep,  but  not  for  the  corpuscles  of  cats,  dogs,  man,  etc.  ' 

This  form  of  test,  delicate  beyond  anything  hitherto  known  in  physi- 
ological chemistry,  may  thus  prove  of  value  in  defining  the  relationships 
and  limitations  of  animal  species. 

This  preliminary  obser\-ation  of  Bordet  was  followed  by  a  series  of 
studies  upon  artificial  hfeniolysis,  the  results  of  which  we  can  only 
briefly  summarize.  In  the  first  place,  to  what  is  this  remarkable  acquired 
lytic  capacity  of  thesernni  due!  Bordet  heated  for  half  an  hour  to  06°  C. 
some  of  the  lytic  serum  secured  by  adapting  the  guinea-pig  through  sub- 
cutaneous injections  to  the  red  blood  cells  of  the  rabbit.  He  found  that 
it  had  completely  lost  its  new  lytic  power.     But  when  he  now  added  to 

'  Wbile  the  serum  of  the  guinea-pig  is  oot  normally  lytic  for  the  corpuscles  of  the 
rabbit,  iJi«  serum  of  the  rabbit  is  lytic  for  ilie  corpuscles  of  tlie  guinea-pig.  Similarly, 
Donnal  rabbit  serum  la  not  lytic  for  Ibe  beef  corpuscles,  but  beef  serum  is  lytic  for  the 
cotpusclea  of  rabbiia  aud  guinea-pigs. 
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tliis  ioert  seiuui  a  little  fresh  blood  senitii  fi-oni  a  uormal  guinea-pig, 
which  is  not  in  itself  lytic  (see  p.  182)  llie  original  dissolving  power  of 
the  heated  serum  for  mbbit  corpuscles  was  at  once  restored.  The  iuftr- 
euce  from  this  experiment  is  obvious.  The  dissolving  capacity  of  this 
artificially  lytic  serum  is  due  to  two  distinct  substances.  One  of  these, 
that  one  which  results  from  the  adaptation  of  the  animal  to  the  alieu 
blood,  is  stable  at  56°  C. ;  the  other,  which  is  present  in  normal  serum,  is 
rendered  Inert  at  56°  C. ;  that  is,  it  is  very  labile.  These  two  substances 
were  named  early  and  have  been  often  renamed.  For  the  present  we 
may  speak  of  the  stable  substance  resulting  from  the  adaptation  to  the 
alien  blood  as  the  immune  substance  or  immune  body,  and  of  the  other, 
more  sensitive  to  heat  and  present  in  normal  serum,  as  alexin,  a  name 
which  was  long  ago  applied  by  Buchner  to  a  substance  or  substances  in 
normal  serum,  to  which  its  germicidal  capacity,  fii-st  clearly  demonstrated 
by  Nuttall,  was  attributed. 

There  now  followed  a  series  of  important  studies  by  Ehrlich  and  his 
associates  which  throw  stiti  further  light  upon  these  curious  lytic  agents. 

We  have  seen  that  iu  order  to  secure  the  immune  substance  free  from 
the  alexin  one  has  only  to  heat  the  lytic  serum  to  56°  C,  for  half  an 
hour,  when  the  alexin  ia  destroyed.  If  one  wishes  to  secure  the  alexin 
apart  from  the  immune  substance  he  makes  use  of  a  very  curious  prop- 
erty of  the  latter ;  namely,  its  capacity  of  uniting  with  the  cellular  ele- 
ment nnder  whose  influence  it  was  elaborated.  For  example,  if  one 
places  a  small  portion  of  the  serum  of  a  rabbit  which  has  beeu  adapted 
to  beef  blood  in  contact  with  beef  corpuscles  at  a  low  temperature '  for  a 
few  hours,  he  will  find  that  the  immune  substance  has  formed  so  stable 
a  combination  with  the  corpuscles  that  on  their  separation  from  the  fluid 
by  centrifngation.  none  of  the  immune  substance,  but  all  of  the  alexin, 
will  be  left  in  the  fluid. 

That  the  corpuscles  under  these  conditions  actually  contain  the  im- 
mune substance  is  readily  shown  by  adding  to  them  a  little  normal  serum 
—containing  alexin  but  no  immune  substance — whereupon  the  lysis  will 
at  once  take  place,  as  shown  by  the  red  color  of  the  fluid.  This  union  of 
the  immune  substance  with  corpuscles  is  specific,  occurring  only  with  the 
corpuscles  of  the  animal  species  used  in  the  adaptation. 

Many  other  points  of  extreme  interest  and  significance  have  been  re- 
vealed in  these  studies  on  artificial  hiemoly sis  which  the  scope  of  this 
book  does  not  permit  us  to  touch  upon. 

The  question  of  a  multiplicity  of  immune  substances  and  of  alexins 
has  been  brought  forward,  and  it  seems  probable,  especially  from  the 
researches  of  Ehrlich,  that  in  adaptation  of  ea«h  animal  species  to  a 
siugle  form  of  cell  se\eral  immune  bodies  may  be  developed.  It  is  not 
unlikely,  furthermore,  that  more  than  one  alexin  may  be  normally  pres- 
ent in  the  blood  senim  of  each  animal  species,  and  that  a  single  immune 
body  may  be  capable  of  uniting  with  several  forms  of  alexin. 

:  the  tcmiiemruri:  in  tliid  cxperimcDt  in  order  to  iublbtl  ibe 
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It  has  beeii  foimd  that  the  bfemolytic  capacity  of  tbe  normal  blood 
serum,  \7hich  iu  mauy  auimals,  as  we  have  seen,  is  very  marked  for  the 
corpuscles  of  alien  blood,  is  also  due  to  two  siibstunces  which  iu  charac- 
ter and  action  are  similar  to  those  which  have  been  so  carefully  studied 
in  the  lytic  sera  of  artificially  adapted  animals. 

It  is  evident  that  this  artificial  btemolysis,  secured  by  the  adaptation 
of  one  species  of  animal  to  the  red  blood  cells  of  another,  is  quite  analo- 
gous to  the  process  by  which  immunity  is  secured  agaiust  pathogenic 
bacteria — cholera,  for  example — and  which  is  called  bacteriolysis.  Both 
are  specific  examples  of  the  general  process  called  cytolysis,  meaning  cell 
destruction.  But  this  reaction  of  hiemolysis  is  not  only  one  of  extraordi- 
nary delicacy,  but  is  easily  observed  under  conditions  quite  within  our 
control,  and  permitting  such  elaborations  aud  variations  as  involve  great 
technical  difficulties  when  we  are  directly  engaged  with  the  phenomena 
of  bacteriolysis. 

Thus  these  studies  of  hiemolysis  have  a  practical  significance  iu  their 
bearing  upon  our  conceptions  of  bacteriolytic  immunity  quite  apart  from 
the  interesting  genenil  biological  field  into  which  they  have  led  the  way. 

The  development  of  cytolytic  capacities  in  the  blood  serum  of  the 
living  animal  as  the  result  of  adaptation  to  biicteria  and  to  alien  red 
blood  cells  being  known,  it  was  natural  to  extend  the  method  to  other 
cells.  Thus  it  has  been  found  that  in  the  adaptation  of  one  animal  to 
the  spermatozoa  of  another  species  by  intmperitoneal  injections,  a  serum 
is  obtained  which  quickly  brings  to  an  end  the  movements  of  fresh  sper- 
matozoa of  the  species  used — spermoli/tic  serum. 

Similarly,  specific  hucolt/lic  sera  have  been  procured  by  intraperito- 
neal injections  of  emulsions  of  lymph  nodes,  spleen,  and  bone  marrow. 
Such  leucolytic  sera  may  not  only  destroy  the  leucocytes  outside  of  the 
body,  but  they  are  extremely  toxic  when  introduced  into  the  living  spe- 
cies from  which  the  tissues  originated.  The  effects  of  these  leucolytio 
— leucotoxic — sera  in  the  body  are  most  pronounced  in  the  blood-form- 
ing organs.  Here,  as  the  studies  of  Flexner'  show,  a  very  significant 
impulse  to  new  cell  formation  may  be  a-^sociated  with  the  action  of  the 
leucotoxic  sera. 

Emulsions  of  kidney  cells  of  one  species  injected  into  the  peritoneum 
of  another  have  led  to  the  development  of  nephroiytic  serum ;  that  is,  se- 
rum which  on  injection  into  the  body  of  an  animal  of  the  same  species  as 
that  furnishing  the  kidney  cells  induces  noteworthy  degenerative  changes 
in  the  kidney.  Thus,  also,  hepaM^ic,*  pancreoli/fie,  thyreolytic,  neurolytic, 
and  other  analt^us  cj-tolj-tic  sutwtances  have  been  developed. 

So  far  as  they  have  been  studied,  the  nature  of  the  active  ^ents  in 

•Flexner.  Bull.  Uufv.  Penua,  vol.  iv.,  1903.  p.  287;  aiso  Bunting,  ibid.,  vol.  xvl., 
1908.  p.  300. 

'  For  u  study  of  neplirotonins,  aee  Ptarce.  Bull.  Univ.  Penna.,  July  and  Auft'i^ti 
1908.  The  studies  of  Pearce  recorded  in  a  paper  read  before  the  Americau  Associaiiou 
of  PaCbologisre  and  BacteriolojriBts  in  April,  1904.  and  unpublished  at  the  date  of  this 
writing,  indicate  that  Id  the  adaptation  of  animals  to  many  alicu  parcndiyma  cells  the 
new-fom)ed  substaiicea  arc  less  specific  than  lias  been  commonly  assumed. 
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these  various  cytolytic  sera  and  their  mode  of  action  is  auali^oiis  with 
those  in  hiemolytic  sera.  Here,  as  there,  the  action  is  due  to  two  groups 
of  sutwtauces:  oue,  the  "immune  body,"  stable  and  increased  by  the 
ad^iptive  process;  the  other,  the  alexin,  occurring  normally  in  the  body, 
not  increased  iu  adaptation,  and  readily  destroyed  or  rendered  iuactive 
by  heat. 

All  of  these  last-mentioned  forms  of  cytolytic  sera  require  more  ex- 
tended study  before  far-reaching  conclusions  should  be  drawn  from  them. 
Bat  it  is  now  evideut  that  the  different  functional  types  of  cells  in  one 
animal  are  capable  in  the  adaptation  to  the  economy  of  another  of  incit- 
ing more  or  less  definitely  specific  responses,  as  shown  by  the  various 
types  of  cytolytic  sera  which  are  formed. 

Wlien  oue  musters  all  the  possible  combinatiouH  in  this  form  of  adap- 
tation aud  considers  the  probability  that  mnltiple  immune  bodies  may 
develop  in  each  instance,  and  that  these  furthermore  may  correspond  to 
multiple  alexins,  the  complexity  of  artificial  cytolysis  becomes  evideut. 

But  now  still  another  phase  of  this  subject  demands  a  word.  These 
cytolytic  or,  as  some  prefer  to  call  them,  cytotoxic  sera,  when  introduced 
into  the  living  bodies  of  the  species  from  which  the  cells  inciting  their 
formation  are  derived,  act  as  toxins  to  which  the  organism  responds, 
each  after  its  kind,  by  the  development  of  antitoxic  substances.  These 
are  called  anticytolysim  or  anticiftotoQcins. 

Let  us  look  at  an  illustration  of  this  iuteresting  points  The  blood 
serum  of  the  normal  guinea-pig  has,  as  we  have  seen,  no  lytic  action  on 
the  red  blood  cells  of  the  rabbit,  but  after  the  adaptation  of  the  guinea- 
pig  to  the  blood  of  the  rabbit  by  repeated  intraperitoneal  injections,  the 
guinea-pig  serum  is  strongly  lytic  for  the  rabbit  corpuscles  iu  test  tubes 
outside  the  body.  But  this  lytic  serum  is  not  less  toxic  when  introduced 
into  the  body  of  the  rabbit.  Under  these  conditions  the  rabbit  produces 
an  antitoxin,  an  autihfeniolytic  substance,  which  is  in  solution  in  his 
serum.  If  a  little  of  this  antihfemolytJc  serum  be  mixed  with  some  of 
the  lytic  serum  from  the  adapted  gninea-pig,  it  will  be  found,  on  the 
addition  of  rabbit  corpnscles,  that  the  lytic  serum  has  lost  its  power,  just 
as  diphtheria  toxin  loses  its  harmful  proi)erties  on  mixture  with  diph- 
theria antitoxin.  Thus  may  be  formed  a  great  variety  of  specific  "anti- 
bodies"— antieytolysins — from  sera  which  are  normally  lytic  or  have 
become  so  through  experimental  adaptations. 

In  Anew  of  the  remarkable  results  of  the  adaptation  of  the  body  to 
alien  cells  from  different  animal  species  which  we  have  reviewed,  it  was 
natural  to  aak  how  an  animal  would  respond  to  the  introduction  into  the 
recesses  of  his  bod\  of  fplN — red  blood  corpuscles,  for  example — from 
another  indiMdual  of  the  same  species.  It  was  found,  in  fact,  that 
under  these  circumstances  Ij'tic  substances  are  sometimes,  though  not 
uniformly,  developed.  The  pos.sibility  of  the  formation  of  isolt/tie  sub- 
stances w'as  thus  established.  But  if  this  be  possible,  why,  it  was  asked, 
may  not  autolytic  substances  be  formed  by  the  adaptation  of  an  animal 
to  his  own  cells  experimentally  displaced!    Such  substances  have,  how- 
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ever,   uot  beeu  fonud  under  the  experimeutal  couditious  thus  far  ob- 
served. ' 

Still  it  is  well  known  that  cells  and  tissues  worn  out  from  use,  or 
dead  as  the  result  of  injury,  inflammatory  exudates,  etc,  are  constantly 
removed  from  the  living  body  by  processes  apparently  analogous,  if  uot 
identical  with  those  which  can  be  cxpcrimeutally  evoked.  Ho  that  auto- 
lysis in  some  form  seems  to  be  an  important  factor  in  the  maintenance 
of  the  integrity  of  the  body,'  Just  what  the  agencies  are  under  which 
normal  living  tissue  cells  are  protected  from  the  action  of  autocytolytie 
substances  is  not  yet  clear.  But  the  multiplicity  of  knowu  "antibodies" 
justifies  the  conjecture  that  such  substances — anticytolytic — may  be  con- 
stantly formed  and  act  as  safeguards  to  living  and  useful  cells. 

The  Application  of  Ehrlich'a  HTpotbeaia  to  Cjrtolyaia.—lf  aon-  ne  turn  to 
the  various  hypotheses  which  hiive  boeu  advanced  lo  account  f^r  llic  formation  and 
actiriD  of  these  cytolytic  substancts,  ive  flud  tliut  an  elaboration  of  Ehrliclt's  views  as 
applied  to  antitoxin  is  here  a  source  of  gi'eat  illumination.  It  is  evident  at  once,  how 
ever.  that  tlie  mailer  is  not  so  simple  as  Id  the  case  of  aatitoxin,  because  we  have  Ijere 
two  substances  at  work,  the  immune  body  and  the  alexin,  Neitlier  the  immune  bmly 
nor  the  ale:(iD  alone  induces  cytolyds.     They  must  act  together. 

The  phenomena  are.  in  the  main,  accounted  for  if  we  assume  that  it  Is  the  alexiD 
which,  when  the  necessary  conditions  are  fulfilled,  exerts  tlie  destructive  action  upon  the 
iMcterial  ur  animal  ceil.  But  the  alexin  cannot  enter  under  ordinary  conditions  into 
direct  chemical  combination  with  the  cell  receptors.  The  union  is  eSecled  onlj'  by  the 
iotervention  of  the  substAnco  which  is  increased  in  amount  in  the  process  of  adaptation : 
namely,  the  immune  body. 

A  long  series  of  experiments  has  led  lo  the  belief  that  the  immune  body  has  two 
free  atom  complexes  which  enable  it  to  form  chemical  unions  Through  one  of  these 
atom  complexes  it  unites  with  Ilie  cell  to  be  destroyed,  through  the  other  it  is  joined 
to  the  alexin.  Then,  and  not  until  then,  is  the  alexin  so  linked  lo  the  cell  that  its  toxic 
or  destructive  action  upon  the  cell  occurs. 

This  conception  may  be  illustrated,  as  in  the  case  of  antitoxin,  by  crude  tigures. 

Here  it  should  he  remembered  we  are  illustraling  not  the  production  of  the  cytoly- 
tic substances,  which  wo  shall  speak  of  later,  but  the  action  of  them  upon  the  cells  to 
be  destroyed. 

Let  a— Pig.  90.  A — be  the  cell  which  is  to  be  destroyed  with  one  of  its  receptors  in- 
dicale<l  at  d.  IasI  b  represent  the  immune  body  with  one  atom  complex  e  capable  of 
uniting  Willi  the  cell  receptor  d.  and  with  another  (/)  capable  of  uniting  with  the  alexin 
e  through  jr.  Now  the  alexin  wtiich  appears  to  be  the  effective  agent  in  the  destruction 
cannot  unite  directly  with  the  cell  receptor.  When,  however,  it  becomes  linked  lo  the 
cell  by  means  of  the  immune  body,  A.  lis  destructive  capacity  can  come  into  play. 

In  a  similar  way  one  may  indicate  the  action  of  anticytolytic  substances  which  may 
be  effective  through  imion  either  with  the  alexin  or  with  the  immune  body,  as  sliown 
in  Fig.  90,  B  and  C.  In  B  the  "  antibody  "  li  prevents  the  linking  of  the  alexin  c  to  ihe 
immune  body  b  by  itself  uniting  with  the  former.  It  then  acts  as  an  antlalexin.  In 
C  Ihe  "antibody  "  i  prevents  the  linking  of  Ihe  immune  body  i  to  Ihe  cell  receptor  rf, 
and  hence  acts  us  an  anil  immune  body.  We  shall  see  in  a  moment  whj'  at  present  the 
substance  here  spoken  of  as  anliatexin  is  usually  called  the  iinticomplemcnt. 

The  experimental  evidence  Ihat  the  anticytolytic  substances  may  be  thus  due  to 

'Borne  observations  are  recorded  in  which,  after  profuse  hiternal  hcuiorrlinf!C. 
hematuria  has  developed,  indicating  the  possibility  of  autohicmolysls  under  special 
conditions. 

^See  reference  to  autolysis,  foot  note,  p.  92. 
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the  rormatlon  of  adaptive  BubBtances  of  twu  classes,  an ti  immune  BUbstances  and  antl 
complemcDts.  cannot  be  entered  upon  licrc. 

lu  view  of  tlie  rationale  of  cy  tolysis,  aa  Just  set  forth,  we  nay  consider  the  immune 
substance  to  be  an  intermediary  between  tbe  alexin  and  the  cell  to  be  destroyed ;  or,  on 
tbe  other  hand,  we  may  consider  the  alexin  as  the  complement  to  the  immune  substsoce, 
since  only  tlirough  their  union  is  tiie  toxic  action  possible. 

In  fact,,  following  Ehrlicli,  one  sometimes  speaks  of  tiie  immune  body  as  the  inter 
mediary  body,  or  iiilemiettiary  subalance.  but  since  il  is  furnished  with  two  combining 
affinities,  it  is  now  usually  called  the  avUioctptor:  Furthermore,  since  tlie  experimental 
analysis  of  the  lytic  process  by  the  new  technique  lias  shown  that  the  germicidal  and 
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k—a.  Cell:  b.  Immune  subatanoe  (ambooeptur) :  r.  alexin  Iromplemeot} : 
complex  ol  Ibe  ambm-epUir capable  or  unillTUi  nith  Uie  rweplor  d:  f.  atom  tv 
capeble  of  unlllnx  wiili  ibe  baplophorous  Broup.  u,  nf  the  fomplemenl.  r. 

B— a.  Cell:  h.  Immime  substsarw  (amboceptor.:  c  alexin  (ratnplemedtl:  i 
alexin  laDtlronipleiiiemi. 


dcsiruelive  action  of  blood  scrum,  formerly  supposed  to  be  due  to  ti  single  substance 
called  alexin,  is  really  due  to  the  combined  action  of  two  substances,  the  use  of  the 
word  alexin  for  one  of  them  is  misleading  and  has  now  been  largely  given  up.  The 
substance  present  Id  the  senim  of  both  normal  and  adapted  animal  through  which  lysis 
is  effected  when  it  is  linked  to  the  cell  liy  the  amboceptor  U  called  the  romplemenl. 
Other  names  have  lieen  applied  to  these  hypotlielical  complexes  or  substances  which 
we  cannot  consider  here. 

It  was  natural  in  the  early  studies  on  baciertolysis,  which  were  incidental  to  re- 
searches on  immunity,  that  the  new  sulistnnce  whicli  was  found  in  the  serum  as  the  re- 
sult of  the  immunizing  process  should  be  called  the  Immune  substance  or  immune  body. 
It  was  natural  also,  although  less  appropriate,  to  npply  the  same  term,  immune  buI>- 
stances,  to  the  analogous  substances  which  appealed  in  ilie  serum  as  the  result  of  the 
injection  in  the  same  fashion  of  cells  and  other  materials  whicli  were  not  infectious,  not 
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disease  producing,  aud  ugainst  wlikli.  tlicrefore,   tlie  body  ia  not,  iu  the  old  scuse, 
[mmumzed. 

But  these  iiew  uses  of  tlie  word  are.  I  lliiok,  unfortUDale  because  Ibe  word  Imtnu  - 
Dity  lias  come  l«  have  a  special  aud  useful  sigDitlcuDce  in  relatiou  to  infection,  intoxica- 
tion, aud  oiber  conditions  of  oatural  or  acquiriKl  tolerance  to  obviously  and  seriously 
barniful  agculs.  Tbe  process  in  both  instances  is,  indeed,  oue  of  adaptation,  and  tlie 
newly  acquired  capacities  of  tbe  scrum  arc  due  to  substances  resultiug  from  tbls  adap- 
tatinii.  Tliey  arise  from  a  functional  inodiQcation  of  parts  of  tbe  body,  and  hence  may 
be  appTopriately  called  adaptive  substances.  It  seems  to  tbe  writer  tbat  It  would  lie 
bt-tter  to  consider  immunization  as  a  special  phase  of  adaptation,  aud  so  limit  the  appli- 
cation of  tbe  word  tbat  it  shall  still  connote  infection  and  intoxication  in  tlie  traditional 


Tbis.  then,  is  tbe  rationale  in  accordance  with  Ehrlicb's  bypolbesia  of  tbe  action  of 
these  cytolytic  or  cytotoxic  substances,  either  existing  naturally,  as  they  do  in  some 
animals,  or  being  called  forth  in  larger  (juantities  in  the  process  of  adaptation  to  tlie 
cells  which  they  destroy.  Tbis  view  has  been  most  fully  tested  upon  btemolytic  sera, 
since  bere  the  reaction  is  most  easily  studied.  But  so  far  as  one  cau  see,  It  applies  as 
well  to  the  phenomena  of  baceriolysis.  wbnse  direct  study  is  much  more  difficult.  It 
should,  bowevcr,  be  borne  in  mind  that  the  erythrocytes  are  very  delicate  and  very 
peculiarly  constituted  cells,  and  it  ia  possible  that  inferences  drawn  from  bamolyeis  are 
not  applicable  nitboul  quallflcatioii  to  oilier  and  less  vulnerable  cell  types. 

Tbe  origin  of  the  amboceptors  of  lliese  cytotoxic  substances  is  accounted  tor  in  the 
same  way  as  in  the  case  of  antitoxin.  The  cells  or  substances  which  are  introduced 
into  Ibe  animal,  and  to  wbich  it  proceeds  to  ada])t  itself,  lead,  through  union  with  such 
body  cell  receptors  as  may  be  fitted  to  them,  to  tlie  ovei'produclion  of  tliese  special  com- 
plex receptors.  These  are  presently  cast  off  as  superfluous  to  the  body  cell  producing 
them,  and  are  then  free  as  ambooeplors  In  the  boily  fluids. 

As  in  the  case  of  antitoxin  formation,  it  Is  probable  tliat  the  cell  receptors  which 
are  thus  increased  are  iiomiitlly  concerned  in  cell  assiniilatiiDO,  aud  it  is  not  uulikely  that 
their  complex  character  may  have  some  relationship  with  the  complexities  of  the 
"giaut"  BibuminouB  molecules,  which  must  suffer  initial  changes  before  becoming  flt 
for  assimilation.  At  any  rate  this  hypothesis  assumes  that  !□  the  process  of  adaptation 
eitlier  to  toxic  substances  or  to  foreign  cells  or  other  albuminous  material,  the  body 
develops  no  new  capacities,  but  only  an  exaggeration  of  those  already  existing. 

As  to  the  exact  source  of  the  amt>oceptors  in  artificially  immunized  animals  we  can 
not  yi-t  speak  with  certainly, 

Tbe  Action  of  PhagOCyteB  in  OTtolyais, — It  was  inevitable  that  the  remark- 
able studies  just  summarized  on  cytolytic  sera  should  have  le<l  to  a  clearer  conception 
of  the  manner  in  which  phagocytes  destroy  bacteria  and  other  organic  substances.  It 
is  no  longer  permissible  to  hold  as  distinct  and  unrelated  processes  the  action  of  phago- 
cytes and  tbeactionofthebody  fluids  in  the  destruction  of  foreign  suhstancesin  the  holly, 

tlctschnlkoff.  tbe  learned  and  able  advocate  of  tbe  importance  of  pliBgocytosls  in 
tbe  protection  of  tbe  body  against  micro-organisms,  now  rec(>guizes  the  importance  of 
tbe  adaptive  substances,  some  of  which  may  be  largely  Increased  in  amount  in  the  proc- 
esses of  immunization  More  strenuously  than  other  observers,  however,  be  indsts 
upon  tbe  phagocytic  cells,  especially  the  leucocytes,  as  Ihe  originators  of  the  substances 
concerned  in  cytolysls,  and  holds  that  under  ordinary  conditiocis  It  is  only  within  these 
cells  tliat  these  substances  are  elfeciive.  In  artificially  immunized  animals,  however, 
the  intermediary  substances,  it  is  conceded  by  Uetschnikoff,  may  be  set  free  from  tbe 
cells  which  produce  them  and  mingle  with  the  body  fluids.  Tbe  complement,  on  the 
other  band,  which  be,  in  common  with  others  of  the  French  school,  calls  cyttine.  in  recog- 
nition of  its  ferment-like  characters,  MetschnlkoS  does  not  believe  to  be  set  free  in  the 
body  fluids  except  through  some  damage  to  the  leucocytes  in  which  it  is  formed.  Such 
a  damage,  for  example,  as  befalls  the  leucocytes  in  the  clotting  of  the  blood :  for  in  this 
process  it  is  assumed  Ihat  the  setting  free  of  the  fibrin  ferment  involves  the  destructiou 
— pbagolysis — of  the  leucocytes. 
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Tbe  views  advanced  by  Bordet  and  others  of  tlic  Freoch  scliool  regarding  llie  union 
of  the  amboceptors  with  the  cells  to  be  destroyed  are  leas  precise  than  those  of  Ebrlich. 
Both,  liowever,  recognize  the  iniportiiDce  of  au  associulion  of  the  amboceptor  as  a  con- 
dition for  the  effective  action  of  the  cotnplemcnt  {rytase).  It  is  for  this  reason  tliat  tiie 
amboceptor  is  called  by  Bordet,  Merscbntkoff,  and  others  the  sensibilizing  substance 
(mibtUiiice  »fimliUiiiatiin)  or  tlie  fixative  (Jixnteur), 

Fituilly.  n  long  and  ingenious  series  of  experiments  has  led  MetscbnikofF  and  bis 
associates  to  believe  that  there  are  two  forms  of  cytnte,  one  called  macro£j/ta*e.  formed 
by  ibe  macrocyies  (large  lymphocytes  derived  from  tlie  spleen,  lympb-nodes,  and  cer 
tain  endotlielial  and  connective -tissue  cells)  and  concerned  in  the  destruction  of  animal 
cells,  such  as  red  blood-cells,  leucocytes,  spermatozoa,  various  parenchyma  cells,  etc. ; 
and  tnicrocytum  derived  from  the  uiicrocytes  (polymorphonuclear  leucocytes),  nhicb  is 
active  in  the  destriiotion  of  bacteria. 

Tbe  greatest  diversity  6t  view  concerning  Uie  cytolytic  process  between  Mctschni- 
koff  and  his  followers  and  the  observers  of  the  Ebrlich  school  relates  to  the  question 
whetlier  the  complement  (cytase)  does  or  does  not  exist  free  in  tbe  blood  plasma,  for 
U]>on  the  answer  to  this  question  depends  largely  our  belief  as  to  the  relative  signifi- 
cance  of  intra-  and  extracellular  cytolysis.  This  Is  one  of  the  points  concerning  which 
more  data  are  urgently  needed.  But  even  now  the  views  of  Metschnikofl  are  not  incon- 
sistent with  the  hypothesis  of  Ebrlicb, 

A^lntinative  SnbstanceB. — But  there  ai'e  important  adaptive  resources 
of  tlie  living  boily  when  called  upon  to  deal  with  foreign  material  of  spe- 
cial character  introduced  in  unusual  ways  into  its  reees.ses  in  addition  to 
those  just  considereil. 

The  phenomenon  of  ^glutination  has  been  widely  known  for  several 
years,  eaiiecially  ou  account  of  its  practical  application  in  diagnosis. 
The  general  fact  is  that  as  an  individual  adapts  himself — that  is,  be- 
comes immunized — to  a  special  bacterium  or  its  toxic  products,  either  in 
the  course  of  an  infectious  disease  or  as  the  result  of  artificial  processes,, 
his  serum,  if  placed  under  suitable  conditions  in  contact  with  cultures  of 
this  special  micro-organism,  may  speedily  immobilize  the  organism  if  it 
be  motile,  and,  whether  motile  or  not,  lead  to  its  clumping  into  irregular 
masses.  This  reactiou  has  been  nscd,  not  oidy  as  a  clinical  test  of  spe- 
cial infections,'  but  also  as  a  means  of  differentiating  species  or  varie- 
ties of  bacteria. 

But  recent  studies  have  emphasized  the  fact  that  agglutination  is  a 
much  more  general  phenomenon  than  has  been  commonly  supposed,  and 
is  by  no  means  liniiteil  to  the  sera  of  animals  immunized  against  bacteria 
and  bacterial  products. 

For  example,  in  the  adaptation  of  one  animal  to  the  red  blood-cells 
of  another  species,  the  serum  of  the  adapted  animal  may  become  not  only 
lytic  but  agglutinative  also  for  the  corpuscles  used  for  the  injections. 
This  is  true  not  only  in  adaptation  to  red  blood  corpuscles  but  to  other 
cells  as  nell.  We  have  then  to  add  agglutinative  substances  or  aggluti- 
nins to  the  list  of  those  which  are  develoiied  in  the  body  in  this  form  of 
adaptation.  (SeeTable,  page  193.)  Thesealso,  within  the  limits  already 
set  forth,  are  specific. 

Just  as  the  specific  red  blood-cells  are  capable  of  fixing  the  immune 
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substance  in  lytic  serum,  so  also  tbe  a^lutiuatiug  substance  may  be 
fixed  and  removed  from  serum  by  placing  iu  contact  with  tbe  serum 
some  of  the  corpuscles  of  the  particular  animal  species  or  some  of  the 
bacteria  under  whose  intluence  the  agglutinative  substances  were  formed. 

While  agglutinative  substances  are  developed  in  the  process  of  im- 
munization, they  are  not,  so  far  as  we  know,  directly  protective,  though 
by  the  grouping  of  mici'o-organisms  the  action  of  phagocytes  may  be 
favored.  The  virulence  of  pathogenic  bacteria  is  not  reduced  by  agglu- 
tination. 

The  agglutinative  seein  to  differ  iu  many  ways  from  lytic  substances. 
Thus  their  activities  are  not  suspended  by  a  temperature  of  56°  C,  They 
become  inert,  however,  at  a  higher  temperatnre — 70°  to  78°  C. — and 
their  agglutinating  capacity  is  not  restored  by  the  addition  of  normal 
semm.  It  is  inferred  from  this  fact  that  the  receptors  concerned  in 
agglntination  are  of  simpler  character  than  those  through  which  lysis 
is  secured. 

The  normal  blood  serum  of  some  animals  contains  substances  which 
are  agglutinative  for  the  red  cells  of  other  species.  Thus  normal  beef 
sernm  is  a^lutinative  for  the  corpuscles  of  the  cat  and  rabbit.  This 
capacity  of  the  normal  serum  sometimes  is,  sometimes  is  not,  associated 
with  marked  lytic  capacity. 

The  mode  of  action  of  these  so-called  agglutinins  is  not  yet  very 
clearly  understood,  but  a  great  many  interesting  facts  have  been  devel- 
oped in  the  studies  on  the  general  phenomena  of  ^glntiuation  which  we 
cannot  mention  here. ' 

Precipitating  SubitanceB,— There  is  still  another  way  iu  which  tbe 
body  reveals  adaptive  alterations  in  the  presence  of  foreign  proteid  sub- 
stances. If  a  few  cubic  centimetres  of  the  blood-serum  or  exudate  con- 
taining globulin  from  one  animal  be  iujected  into  the  subcutaneous  tissue 
or  peritoneal  cavity  of  another  species  in  repeated  doses,  it  is  found  that, 
on  adding  a  little  of  the  blood-serum  of  the  adapted  animal  to  a  dilution 
of  the  fluid  injected,  a  precipitate  is  formed.  This  reaction  is  also  spe- 
cific, save  that  in  some  instances  body  ilnids  from  closely  related  species, 
such  as  man  and  monkey,  fowl  and  pigeon,  sheep  and  goat,  horse  and 
ass,  dog  and  fox,  may  both  afford  a  peoipitate.  But  this  precipitate  is 
invariably  much  more  marked  in  the  fluid  used  for  adaptation  tbau  in 
the  similar  fluid  from  the  related  species. 

This  reaction  is  extremely  delicate,  it  having  been  possible  to  recog- 
nize human  blood  in  a  dilution  of  1  :  50,000. 

By  the  use  of  this  test  Nuttall,  who  has  made  very  extensive  observa- 
tions, has  been  able  to  demonstrate  in  a  most  striking  fashion  pbyloge- 
netic  relationships  between  animal  species  and  groups  of  species,  both 
warm-  and  cold-blooded,  which  have  an  important  bearing  upon  classi- 
fication.' 

The  nse  of  this  precipitation  test  has  been  urged  iu  forensic  medicine 
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to  reiuforce  the  present  unsatisfactory  methods  of  distinguishing  between 
human  and  other  blood.  For  if  one  have  a  rabbit  or  other  aniuml  artifi- 
cially adapted  to  human  blood  from  which  fresh  serum  can  be  secured 
(even  the  dissolved  dried  serum  will  answer),  he  has  only  to  dissolve  in 
a  little  Bait  solution  a  suspected  blood  clot,  and,  mixing  the  two,  observe 
the  result.  If  under  suitable  conditions  of  dilution  cloudiness  develops 
within  a  short  time  or  if  a  precipitate  be  formed,  it  is  claimed  that  the 
suspected  material  could  have  beeu  derived  from  no  other  auimal  thau 
man.  Since,  however,  it  has  been  fouud  that  the  blood  uot  only  of 
monkeys  but  of  some  other  of  the  lower  auimals  may  give  slight  precipi- 
tates under  these  couditious,  and  siuce  other  human  fluids  containing 
albuminous  substances,  such  as  saliva,  pus,  inflammatory  exudates,  etc., 
may  also  give  precipitates,  it  is  evident  that  the  result  of  this  test  should 
be  interpreted  with  great  caution.' 

The  white  of  a  hen's  egg  injected  iuto  the  peritoneum  of  rabbits  after 
a  time  gives  rise  to  substances  in  the  rabbits'  seriim  which  induces  a  pre- 
cipitate in  fresh  solutions  of  hens'  egg  albumen.  No  precipitate  is  pro- 
duced by  this  serum  in  albumen  solutions  from  the  blood  of  the  mam- 
malia, and  only  a  slight  precipitate  is  formed  in  the  i^g  albumen  of 
related  fowls,  such  as  the  duck,  for  example. 

It  has  been  stated  that  by  the  adaptation  of  the  living  animal  to  ex- 
tracts of  muscle  tissue  from  another  species,  precipitating  substances 
may  be  formed  iu  the  serum  which  are  specific  for  the  muscle  used  iu  the 
injection. 

Milk  of  one  auimal  thus  introduced  into  the  body  of  another  gives 
rise  to  a  substance  in  the  adapted  auimal  which  causes  a  precipitate  iu 
the  diluted  milk  ased  for  injection,  but  not  in  the  milk  of  another  si>eeies, 
save  sometimes  in  slight  degree  in  milk  from  closely  allied  animals. 

This  reaction  is  also  applicable  to  plant  albumens.  Thus,  if  an  ani- 
mal be  adapted  to  a  given  species  of  bacteria,  its  blood-serum,  on  being 
added  to  the  clear  filtrate  of  the  pure  culture,  throws  down  a  pi«cipitate 
which  is  in  some  instances  light,  in  others  voluminous.  This  reaction  is 
again  specific,  except  within  the  group  limits  of  related  species.  Thus, 
as  Norris  has  sliown,'  precipitating  substances  which  are  developed  by 
the  adaptation  of  the  rabbit  to  the  typhoid  bacillus  induce  a  slight  pre- 
cipitate iu  the  culture  filtrate  of  the  colon  bacillus,  but  not  in  the  filtrate 
of  B.  prodiffwsus,  for  example. 

Numerous  experiments  have  shown  that  other  vegetable  albumens  call 
forth  specific  adaptive  precipitins. 

This  precipitation  test  is  so  delicate  that  it  appears  possible  not  only 
to  distinguish  the  albumens  from  difi'ereut  animal  and  vegetable  species, 
but  to  differentiate  also  some  at  least  of  the  various  albominous  sub- 
stances in  the  individual. 

'  For  H  Btudv  of  tlie  pretipitalion  test  (or  binod,  with  bibliography,  see  GrnJiam- 
SmilR,  Jour,  of  Hysiene,  vol.  iii,,  pp,  2.'58  and  354;  also  Eietiig  and  Strausf,  Med.  News, 
Koveniber  7th  and  November  1411i.  IttOS.  bibl, :  also  Jiohin.  N.  Y.  Med.  Jour,  and 
Pliila.  Med.  Jour.,  March  Bth  and  12tli.  1604;  also  Nuttalls  book,  ref.  above. 

*A'orri»,  Jour,  of  I&tect.  Dis..  18U4. 
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Finally,  it  is  worthy  of  note  tliat  it  baa  been  possible,  by  the  itdapta- 
tion  of  a  fresh  auimal  of  the  appropriate  species  to  these  precipitating 
sera,  to  obtain  "antibodies";  in  the  case  of  milk  adaptation,  for  exam- 
ple, by  the  use  of  the  so-(;!ille<l  liicto-seruiu,  to  secure  an  antilact«-seruin 
capable  when  added  to  the  test  fluids  of  preventing  the  formation  of  the 
Kl>ecific  precipitate. 

A  great  deal  of  most  careful  research  has  been  devoted  to  the  nature 
of  the  precipitating  substances  which  the  scope  of  this  book  does  not 
permit  ns  to  touch  upon.  But  it  should  be  said  that  in  their  resistance 
to  heat  and  in  other  ways  the  precipitating  substances  appear  to  be  more 
closely  related  to  a^lutinating  than  to  lytic  sul>stanccs. " 

Although  we  have  considered  separately  the  development  in  the  body 
of  cytolytic,  agglutinating,  and  precipitating  substances,  it  should  be 
remembered  that  these  may  be  formed  together  in  the  avme  animal. 

The  effects  of  foreign  cells  and  their  derivsUives  upon  wliatever  body 
cells  produce  the  lytic,  ^glntiiiating,  and  precipitating  substances  are 
apparently  not  lasting,  since  if  the  injections  be  susj^nded  they  gradually 
dis;>ppear  from  the  serum.  The  time  of  their  disappearance,  however, 
like  that  of  appearance,  is  not  regularly  tlie  same,  even  in  the  same 
animal. 

Tbe  Bearing  of  the  New  StTidies  od  Serum  Therapy.— Wl-  Iibvi^  seea  in  an 
earlier  st'ctiou  tliat  tbe  use  of  the  b1o(nl-seruiii  of  aniiiials  iininunized  apainst  patliiigenic 
micro  organ iAina  for  protective  purposes  in  man  has  Ijeeii  of  practical  value  in  but  few 
instances,  and  tbesc  mainly  in  casea  in  whicli  tlic  protective  actina  was  aatitoxic.  Pro- 
tective sera  for  pneumonia  and  typhoid,  streptococcus  septicteniia,  plague,  tuberculo- 
sis, cliolcra,  and  innny  other  infectious  diseases  have  been  perxislently  tested  and  found 
to  be  for  the  most  part  of  doubtful  value  in  man. 

But  in  the  light  of  the  new  knowledge  of  eyiotylic  sera,  and  the  conditions  U[i<ler 
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wbicli  tliese  may  be  L'lTcctive,  tlie  protiiise  of  serum  tlierapy,  so  loag  limited  to  tintitaiic 
immunity,  st'enis  now  to  t>e  more  eocouniginf;. 

It  is  possible  Uiat  tlic  renson  why  the  serum  of  an  auiniul  immunized  aguiost  a 
givuQ  piitliogi'nic  micro-orguiiism  is  not  protective  is  tliat  uvttUer  iliis  scrum  nor  tbe 
body  fluids  o(  the  individual  into  whom  it  is  injected  for  protective  ends  contalus  suffi- 
cient or  suitable  complements. 

Wc  liave  seen  in  our  review  of  btemulysis  that  biemolytic  serum  lieated  to  56'  C. 
loses  its  lytic  power  owing  to  tlie  destruction  of  tbe  very  labile  co;n piemen ts.  Wchave 
seen  furtlier  tbat  tlijs  power  is  restored  by  tbe  addition  of  u  littlt'  fresh  serum  from  a 
normal  animal ;  tbat  is,  scrum  containing  complement.  Now  it  lias  been  found  tbal  tbjs 
"  reactivation  "  of  tbe  serum,  as  it  Is  called,  can  often  be  brought  about  by  the  eera  of 
various  animals.  Thus,  for  example,  the  scrum  of  the  guiuea-pig  adapted  to  tbe  ery- 
throeytes  of  tbe  rabbit  is  lytic  for  these  cells  of  the  rabbit.  If  such  sera  be  heated  to 
56°  C.'.  it  is  no  longer  lytic,  tlie  aetivities  of  the  complement  arc  destroyed:  but  the 
scrum  can  be  reactivaltid  by  a  Utile  fresb  serum  not  only  from  a  normal  rabbit,  but 
from  the  goat  and  the  rat.  The  scrum  of  many  other  animals,  however,  is  inelfcetive 
under  these  conditions.  The  I'cason  for  this,  of  course,  in  accordance  with  Ebrlich's 
hypothesis,  is  that  the  complements  of  the  reactivating  sera  have  combining  capacity 
with  the  special  amboceptors,  and  so  can  become  effective,  while  in  other  sera,  the  link- 
ing of  the  complement  to  the  red  cells  through  the  amboceptors  being  impossible,  there 
can  be  no  restoration  of  the  lytic  action. 

It  is  not  difficult  to  secure  immune  substances  (anit>oceplors)  by  the  atlaplation  of 
animals  to  various  lilnds  of  pathogenic  bacteria.  These  may  be  fonned  in  such  abun- 
dance as  to  be  out  of  proportion  to  the  complements.  But  unless  these  immune  sub- 
tances.  wlien  injected  into  the  body  for  prolfctivc  purposes,  either  carry  with  them  or 
And  in  the  new  euvironnient  an  abundance  and  appropriate  forms  of  complemeuis. 
they  are  not  wholly  available  in  destroying  bacteria.  One  of  the  great  problems  of  the 
Immeiliaic  future,  then,  so  far  as  serum  tlierapy  is  concerned,  seems  to  be  to  secure 
suitable  complements  to  act  with  immune  substances  if  the  formerdo  not  exist  in  the 
human  Huidn,  or  to  reinforce  these  substances  from  tbe  sera  of  suitable  animals  if  the 
human  stock  be  scanty.  There  is,  however,  much  ground  for  believing  that  in  order 
to  be  most  effective  tbe  complements  with  which  wc  may  seek  to  reinforce  the  potency 
of  bacteriolytic  sera  in  man  should  come  from  species  closely  allied  to  him. 

If  the  securing  of  an  appropriate  complement  is  thus  of  such  importance  in  the 
attempt  to  prepare  bacteriolytic  sera  for  thenipcntie  purposes,  the  maintenance  of  suffi- 
cient complenients  in  the  human  body  must  be  of  tbe  utmost  slgiiiScance  In  its  intrinsic 
prot«ctive  meeluinism  against  infection.  Tliat  this  consideration  is  not  without  support 
in  tact  Is  shown  by  the  studies  of  Abbott,  Longcope,  and  others,'  who  have  found  that 
after  the  c<mtinuous  administration  of  alcohol  and  in  various  chronic  as  well  as  acute 
diseases,  the  amount  of  complecnent  in  tlie  blood  may  be  notably  reduced.  We  have 
thus  a  dclinite  contribution  to  our  knowledge  of  one  of  those  factors  in  predisposition 
to  infection  which,  in  a  general  way,  are  so  fully  recognized,  but  which  are,  for  the 
most  part,  but  ill.delincd  and  little  understood. 

The  Specific  Character  of  Artificial  Immunization. — It  is  not  yet  possi- 
ble to  say  ill  many  «ast!8  to  wliat  extent  the  immunization  eifected  in  any 
of  the  various  ways  indicated  abo\'e  is  specific.  In  some  eases  it  appears 
to  be  so.  That  is  to  say,  the  protection  which  is  afi'orded,  for  example, 
by  an  attack  of  diphtheria  or  by  the  gradually  increased  administration 
of  the  diphtheria  toxin,  or  by  the  use  of  the  immunizing  senim,  is  limited 
to  this  particular  disease,  and  is  not  to  lie  secured,  at  least  in  such  uiarted 
degree,  by  the  use  of  other  ba^-teria  or  bacterial  products.  In  some  in- 
stances, on  the  other  hand,  immunizatiou  against  one  micro-organism  or 

'  For  a  study  of  this  subject  see  LongaiiK.  Jour,  of  Hygiene,  vol.  iii.,  1808,  p.  88. 
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its  toxiiis,  or  agaiust  special  toxic  substances,  affords  protection  ;^aiust 
iufection  or  iutoxicatioii  by  eiitirely  different  iigeuts.  Thus  aiiimala 
may  be  immunized  against  anthrax  by  inoculation  with  bacillus  pyo- 
cjaneus. 

It  should  be  borne  iu  mind,  however  much  importance  we  may  attach 
to  the  formation  and  action  of  th«  antitoxic  substance-s,  that  these  are 
not  necessarily  always  present  either  in  natural  or  acquired  immunity  to 
bacteria  or  their  toxins.  Tolerance  to  bacterial  toxins  may  be  estab- 
lished, as  may  tolerance  to  other  kinds  of  poisons,  without  the  interven- 
tion of  antitoxic  or  other  chemical  agents. 

The  Complexity  of  the  ProcesseB  laTolved  in  Immonizatioii. — It  thns 
appeal's  tiiat  while  we  know  a  great  deal  about  the  ability  of  the  living 
body  to  protect  itself  against  the  incursions  of  micro-organisms  and  the 
ravages  of  their  poisons;  while  a  field  is  opened  for  the  study  of  artificial 
iminnnlKation  which  is  of  the  highest  promise,  both  for  the  advancement 
of  science  and  for  practical  benefit  to  the  victims  of  iufectious  disease; 
while  illuminating  and  far-reaching  hypotheses  ai-e  current  which  account  - 
for  many  of  the  complex  phenomena,  we  are  yet  very  far  from  compre- 
hending many  of  the  details  of  the  processes  by  which  immunization  is 
secured. 

AVe  do  not  know  why  the  cells  of  certain  animals  or  why  different 
kinds  of  cells  iu  the  same  animal  are  more  susceptible  than  others  to  the 
pi-eseuce  of  particular  poisons;  why,  for  example,  the  rabbit  is  less  sus- 
ceptible than  man  to  morphiu ;  why  strychnin  should  affect  the  nerves 
while  curare  acts  upon  the  muscles;  why  the  commou  fowl  sliould  be 
extremely  insusceptible  to  the  tetanus  toxin  so  powerful  in  many  other 
animals.  We  are  even  ignorant  as  yet  in  most  ca-ses  of  either  the  chemi- 
cal or  structural  clianges  in  cells  by  which  the  deleterious  action  of  poisons 
is  effected.  This  is  indeed  not  surprising  when  we  reflect  that  the  proc- 
esses which  are  involved  are  of  the  most  subtle  and  complex  nature  aiid 
that  our  knowledge  of  cell  metabolism  even  under  normal  conditions  is 
most  crude  and  fragmentary,  consisting  largely  in  rather  gross  determi- 
nations of  end-products  and  leaving  out  of  the  account  the  numberless 
molecular  ti'ansformat ions  and  combinations  through  which  the  life  proc- 
esses of  the  cell  are  carried  on. 

The  living  body  cell  is  very  nicely  adapted  to  its  normal  environ- 
Dient;  the  living  bacterium  is  almost  equally  sensitive  to  the  conditions 
under  wluch  its  metabolism  takes  place.  Thus  it  is  that  when  these 
subtle  organisms  react  upon  each  other,  we  are  wholly  unable  with  our 
present  knowledge  to  follow  the  8tei>s  hy  which  the  more  gross  mani- 
festations of  disturbance  which  we  call  disease  are  reached. 

But  there  seems  to  be  abundant  giound  for  the  belief  that  the  pro- 
tective agencies  which  are  evoked  in  both  natural  and  artificial  immuni- 
zation are  simply  those  which  tlie  body  makes  use  of  in  its  normal  metab- 
olism, exaggerated  and  diverted  to  different  ends,  it  is  true,  in  the  fiice 
of  emergencies  and  the  establishment  of  new-cell  environments,  but  giving 
evidence  of  the  birth  of  no  new  physiological  capacities. 
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Tlic  tiypotlicsis  of  Elirlich,  wliicli  so  closely  correlates  tlic  actioD  of  toxins  with  tiie 
assimilation  of  nutrient  stuff,  lias  led  to  new  coueeptious  of  tlie  details  of  tbe  relation- 
ship of  foods  transfonncd  by  the  preliminary  digeslivc  process  to  tlic  material  which  is 
fiaally  placed  at  the  disposal  of  the  cells.  It  seems  not  uulikely  that  through  the  action 
of  the  cell  receptors  tlic  food  material  which  arrives  in  tlie  body  Huids  may  not  only  be 
adapted  to  the  specitic  uses  of  the  cellii.  hut  that  by  the  formation  of  countless  varieties 
of  substances  aualogoiis  to  tlie  so-ealled  "antibodies"  of  immunization,  tlie  cells  are 
protected  against  equally  various  toxic  substances.  If  this  be  true,  the  hope  seems 
justified  that  following  the  lines  of  research  suggested  by  tills  new  technique  we  may 
be  able  ultimately  to  understand  more  clearly  the  details  of  the  so-culled  internal  secre- 
tion and  those  disturbances  of  chemical  adjiialment  wliieli  give  rise  to  many  important 

Bibliography  of  Becent  Studies  on  Inunumty. 

For  an  admii-ablc  resume  of  immunity,  consult  article  by  Wetgert.  Lubarsch  and 
Ostertag's  "Ergebnisse"  for  1897,  p.  107;  see  a\io Mtttehnikoff.  "Immunity  in  Infectious 
Diseases."  Transl,  19U4.  in  which  much  lore  is  gathered  and  many  ingenious  points  of 
view  of  the  author  arc  set  forth.  Kolle  and  Hiuwmjann'i  "  Jlaudbuch  der  Micruorgan- 
Ismen  "  contains  excellent  summaries  of  various  pliases  of  immunity. 

The  reconls  of  the  recent  researches  just  sunniiarized  in  cytolysis  and  the  applica- 
tion of  Ebrlicb's  "side-chain"  hypotliesis  are  widely  scattt^red  through  the  German. 
French,  antl  EngJish  te<rhnical  periodicals.  The  niost  important  of  the  studies  of 
Ehriich  and  his  as.sociates  in  this  Held  are  collected  in  the  "Oesammelte  Arbeiten  zur 
Immuuitatsforscbung."  Bhrliek,  1904. 

Tbe  summary  of  Atchoff  ("Ehrlich's  Seitenkettentbeorie  und  ibre  Anwendung  auf 
diekQnstlichelmmunizierungsprozessc,  "Zeltschrift  fUr  allgemeine  Physiologic,  Bd.  i.. 
Heft  S,  190?)  is  must  complete  and  contains  a  full  bibliograpby.  Tbe  monograph  of 
T.  Dimsern  ("  IJic  AolikOrpwr,"  1903)  contains  mucli  valuable  material. 

In  English,  the  recent  Huxley  Lecture  by  Welrh  (''Recent  Studies  of  Immunity," 
reprinted  in  tbe  Medical  News,  October  IHtb,  1902;  and  in  Science,  November  21st  and 
28th,  1903)  is  admirable,  and  deals  with  especial  fulness  with  toxins  and  their  relation- 
ship to  various  important  pathological  processes. 

Rilchie't  discussion  of  tbe  subject  (The  Journal  of  Hygiene,  vol.  ii.,  Nos!  2,  3.  and 
4,  1902)  treats  in  a  clear  und  phi losopli leal  fashion  the  facts  and  liypolheses  involved, 
and  contains  many  valuable  suggestions  for  further  research.  The  excellent  summary 
ot  ErriM,  "Modern  Theories  of  Bacterial  Immunity,"  1903,  contains  original  suggestions 
for  the  graphic  rejiresentalion  of  the  reactions. 

The  English  translation  of  Wannrrmiinii'i'  I'^suine.  "Immune  Sera,"  etc,,  1904.  is 
excellent.     Sl-cuIso  yudiiiVi  book,  "BlootI  Immunity  nnd  Blood  Ilebitionship,"  1904. 
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CHAPTER  VIIT. 

THE   INFECTIOUS   DISEASES. 
General  ConsiderationB. 

Is  the  study  of  the  infectious  diseases  it  is  espeeially  important  to 
bear  in  mind  that  the  abnormal  pi'OcesHes  through  which  the  distnrbances 
incited  by  micio-or^nisms are  manifested  are  processes  of  the  body  cells 
and  not  processes  of  the  micro-organisms.  The  micro-oi^anisms  do 
indee<:l  incite  the  train  of  phenomena  by  which  the  disease  is  mani- 
fested and  the  nature  or  "species"  of  the  miero-oi^anism  may  lai^ely 
influence  the  character  of  the  phenomena,  but  the  Btore<l-up  energy 
wbich  is  released  iu  this  manifestation  is  body-cell  enei^y  and  not 
that  of  microbic  metabolism.  The  microbes  are  excitants  of  disease, 
but  the  disease  is  a  performance  of  the  body  cells.  If  these  obvious 
considerations  be  held  in  view,  it  will  be  convenient  in  considering 
certain  of  the  infectious  diseases  to  use  the  familiar  and  much  abused 
term  "specific"  as  indicative  of  those  phases  of  abnormal  body -cell 
performance  which  are  apt  to  occur  in  characteristic  ways  in  response 
to  special  forms  of  microbic  stimulus.  Thus  the  poisonous  subtances 
which  the  tubercle  bacillus  builds  up  out  of  the  organic  material 
upon  which  it  feeds  .are  in  part  such  as  exert-  a  peculiar  influence  upon 
connective-tissne  cells,  leading  to  their  proliferation  and  the  temporary 
formation  of  new  tissue — the  tubercle.  This,  together  with  associated 
action  of  the  same  or  other  metabolic  products  of  tiie  living  bacillus, 
forms  a  group  of  lesions  and  disturbances  which  is  characteristic  of  the 
action  of  the  tubercle  bacillus  in  the  body.  In  this  sense  tuberculosis 
is  a  "specific"  disease.  On  the  other  hand,  the  poisons  eliminated  by 
the  tutwrcle  bacillus  may  incite  responses  on  the  part  of  the  body  cells 
which  arc  practically  identical  with  those*  which  many  other  toxic  sub- 
stances, both  of  bacterial  and  of  other  origin  indiiee,  fe^'er,  degeneration, 
etc.  These  manifestations  of  the  action  of  the  tubercle  biicillns  upon  the 
living  body  cells  are  not  "specific" 

In  our  study  of  the  individual  infectious  diseases  we  shall  encounter 
many  examples  of  this  variety  in  the  effects  ifthiili  pathogenic  baetena 
induce — the  more  characteristic  on  the  one  hand,  and  on  the  other  the 
more  general  responses  which  the  l»od%  cells  make  to  dtleterious  agents. 

Claasification  of  the  Infeotions  Diseases. — It  is  common  to  group  dis- 
eases either  from  the  clinical  or  the  morphologicil  oi  the  etiological 
standpoint.  But  a  complete  rational  clis.Mfi(.ition  ol  disease  is  not  at 
present  possible,  because  iu  very  few  dist  uses  haic  we  e\en  an  approxi- 
mately complete  knowledge  of  either  the  symptoms  tht  excitants,  or 
the  niorphologj-  of  the  lesions. 
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Iq  tiie  iofectious  diseases  as  we  now  defiue  them,  the  excitant  is 
definite  and  in  many  cases  known,  but  a  classification  based  upon  the 
character  of  the  excitants  alone  would  be,  as  Martins  has  urged,  a  classi- 
fication of  the  micro-organisms  and  not  a  classification  of  the  diseases. 
If  every  micro-organism  capable  of  excitiug  disease  always  met  in  the 
body  a  similar  response,  the  matter  would  be  comparatively  simple. 
But  the  fact  that  the  responses  of  the  body  celts  to  bacterial  invasiou  are 
excecdiugly  varied,  and  that  dissimilar  oi^nisms  may  evoke  similar 
responses  renders  a  simple  etiolt^ical  classification  even  of  the  iufectious 
diseases  unsatisfactory  if  not  impracticable.  Thus  it  is  that  it  is  con- 
venient to  consider  the  infectious  diseases  in  part  together,  in  part  iu 
connection  with  the  special  oi^us  In  which  their  more  common  and 
characteristic  lesions  are  manifested.  Such  a  classification  of  the  in- 
fectious diseases  as  is  here  made  is  based  in  part  upon  similarity  of 
lesious,  in  part  upon  the  relationships  of  the  miero-oi^nisms  concerned, 
and  may  wisely  be  regarded  only  as  a  convenient  form  of  catalogue. 

Oroupa  of  Bacterial  Sisease-X^citants. — One  of  the  interesting  rei^ults 
of  the  later  studies  of  bacteria  and  their  associations  with  the  infectious 
diseases  is  the  discovery  that  many  micro-organisms  which  have  been 
pi-oved  to  be  excitants  of  disease  iu  men  or  in  lower  animals  are  closely 
related  to  forms  which  are  not  pathogenic.  So  that  we  now  recog- 
nize many  bacterial  groups  which  we  are  wont  to  characterize  by  the 
name  of  the  pathogenic  representative.  Thus  there  are  staphylococ- 
cus and  streptococcus  groups  of  closely  similar  oi^nisnts,  most  of  them 
harmless  to  man.  There  is  the  colon  bacillus  group,  embracing  many 
closely  related  forms  difficult  to  identify.  Tlie  tubercle  bacillus  group, 
the  diphtheria  bacillus  group,  the  actinomyces  or  streptothris  group,  are 
other  exjunples  of  this  relationsliip. '  The  more  these  related  forms  are 
studied,  the  more  evident  it  becomes  that  in  very  slight  physiological 
variations  may  lie  the  difference  between  pathogenic  and  non- pathogenic 
forms,  and  that  equally  slight  variations  in  the  susceptibility  of  the  host 
may  be  of  con-esponding  significance. 

In  the  arrangement  and  associations  of  the  infectious  diseases  consid- 
ered in  this  section,  the  existence  of  these  bjicterial  groups  will  be  fre- 
quenth'  recognized. 

SnPPUBATtVE  AND  ALLIED  FOBHS  OF  INFLAMMATION. 

We  have  seen  iu  an  earlier  part  of  this  book  that  in  various  kinds  of 
injury  to  the  living  tissues  there  may  be  a  series  of  responses  on  the  part 
of  the  body  cells  which  constitute  or  give  rise  to  the  phenomena  and 
lesions  of  iuflammatiou.  One  of  these  forms  of  tissue  response  to  injury 
is  called  suppuration  or  suppurative  inftammaiion. 

We  have  seen  that  the  characteristic  feature  of  suppurative  inflam- 
mation is  the  collection  at  or  near  the  seat  of  injury  of  leucocytes,  mostly 

'  This  grouping  of  related  forms,  frequently  witli  speeial  reference  to  the  qiialitiea 
of  portieulnr  aijoeiea  as  excitants  of  disease,  has  been  spfcially  worked  oul  by  Krune. 
See  FtUgge'a  "Mikroorganisuieo,"  ltd.  il. 
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of  the  polymorphoDUclear  type.  These  leucocytes,  attracted  through 
chemotaxis,  emigrate  from  the  smaller  vessels  and  gather  iu  the  tissues. 
Here  they  may  proliferate;  through  their  phagocytic  powers  they  may 
directly  or  iudirectly  destroy  living  micro-oi^nisms ;  by  lytic  sub- 
staoces  which  they  elaborate,  they  may  soften  and  remove  dead  tissues ; 
or  they  may  themselves  succumb  to  the  action  of  poisons  or  other  local 
conditions  inimical  to  their  life.  "While,  to  a  limited  exteut,  a  suppura- 
tive inflammation  can  be  incited  by  chemical  agents,  such  as  ammonia, 
turpentine,  etc. ,  in  most  cases  it  is  incited  and  sustained  by  micro-organ- 
isms or  by  poisons  wtiich  these  micro-organisms  set  free  as  the  result  of 
their  own  metabolism  or  by  the  decompositiou  of  substances  in  the  tis- 
sues or  the  tissue  Huids. 

Before  considering  iu  detail  the  characteristics  of  the  various  forms 
of  micro-organisms  which  may  act  as  excitants  of  suppurative  iaflam- 
matiou,  it  is  uecessary  for  us  to  survey  the  various  phases  which  this 
process  presents  under  different  conditions. 

In  the  first  place  while  the  emigration,  proliferation,  and  gathering 
of  leucocytes  is  the  most  characteristic  feature  iu  this  form  of  iudaiu- 
mation,  these  are  always  associated  with  the  accumulation  of  moi'e 
or  less  fluid  transudate  from  the  blood-vesst^ls  and  often  with  the  for- 
mation of  fibrin.  These,  the  leucocjles,  the  serum,  and  the  fibrin, 
constitute  the  exudate.  Furthermore,  associated  with  the  accumulation 
of  the  exudate  there  may  be  albuminous  degeneration  and  necrosis  of 
cells  and  tissue  of  the  affected  ijart  or  of  the  formed  elements  of  the 
exudate  itself.  Finally,  a  proliferation  of  the  fixed  cells  of  the 
affected  region  frequeutly  accx>mpauies  the  exudative  phiises  of  inflam- 
mation and  may  dominate  the  processes  when  regeneration  and  repair 
are  under  way. 

Although  the  processes  involved  are  esentially  the  same,  it  lias  been 
found  convenient  to  attach  special  names  to  various  topographic  forms 
of  suppurative  inflammation,  the  diifereuces  depending  lai^ely  upon  the 
origin,  situation,  extent,  and  complications  of  the  primary  lesion,  some- 
what, however,  upon  the  qualities  fixed  or  variable  of  the  infecting  mi- 
cro-organism.  Thus  a  suppurative  inflammation  iuvolving  the  serous 
surfaces  and  resulting  in  the  accumulation  of  a  purulent  exudate  in  the 
serous  cavities,  such  as  the  pleural  and  the  pericardial,  is  called  empyema. 
An  exudative  inflammation  of  the  mucous  membranes  with  a  marked 
emigration  of  leucocytes  from  the  vessels  of  the  submucosa  is  called  a 
purulent  catarrh  or  blennorrhnea. 

Pugttdea  are  supei-ficial  collections  of  puiulcnt  exudate  in  the  skin. 
The  result  of  a  localix.ed  suppurative  and  necrotic  inflammation  starting 
usually  in  the  hair  follicles  of  the  skin  is  called  a/untncle  or  carhuncle, 
depeuding  upon  the  extent  of  the  lesion.  L'lcei-s — in  whatever  way 
origiuating — (see  p.  91)  may  be  the  seat  of  suppuration,  the  exudate 
passing  off  upon  the  free  surfaces. 

A  diffuse  infiltration  of  the  subcutaneous  or  deep  fibrous  tissue  or  of 
the  interstitial  tissue  of  the  visceni  with  exudate  is  caWvd  phlei/moH.     If 
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iu  tills  phlegmonous  iuflammatioii  there  be  much  serous  fluid  a&sockted 
■with  the  wll  accuniulatioii,  as  is  eouimoiilv  the  case  iu  the  earlier  stjiges 
of  the  process,   the  coudition  is  oltcii 
uanied  purulent  adema.     When    on  the 
other    hand,   there    is  a  more  or   less 
circumscribed    collection    of    purulent 


'^IM 


exudate  in  the  depth  of  the  tissues  or       ^JB!>'^  JP^S 


organs,  associated  with  necrosis  a  id  fli  ^     ^^k^     *^        #ft. 

idiflcation  of  the  tissues  in\oUed    it  is  ^fi      ^^  j^  ^^ 

customary  to  call  the  result  of  the  proc 


ess  an  abscess. 


i> 


In  some  phases  of  exudati  e  i  fl  vm 
mation,  particularly  those  iu\   1\  nig  the 
serous  surfaces,  the  exudates  oftt  i  occur       some  oi  ihp  p  la  bhow  me  m»i\t  or  nc 
together  in   the  most  variable   proper-     'lo^'^enu'S^T""'"'"'""™™*'^ 
tious;    they  are  formed  under  the   in- 
fluence of  the  same  agents  and  frequently  an  exudate  at  flrst  simply  serous 
in  character  becomes  fibrinous  or  purulent  or  both  together. 

It  will  thus  be  seen  that  the  exudate  which  is  formed  in  suppurativ*e 
iuflainmation    varies  considerably   in    its  composition   and    structure. 
Primarily,  pus  consists  of  an  albuminous  fluid  containing  leucocytes, 
some   mononuclears,    most   of   them 
polymorphonuclears      (Fig-      SI). 
While  the  exudiite  is  in  the    tissue 
and  the  conditions  are  favorable,  these 
cells  may  be  alive  and  without  struc- 
tural abnormalities.     But  often,  and 
especially  in  accumulations,  they  pre- 
■J(^»  *  sent  various  phases  of  degeneration — 

'  'i^  albuminous  or  fatty— or  of  necrosis 

"^*  .  *.i  and  disintegration.     It  is  on  account 

of  their  relative  frequency  and  abun- 
dance, in  purulent  exudates  that  the 
leucocytes  are  regarded  par  excellence 
as  pu.'*  cells.  Biijb  other  cells  may  be 
,  pivsent  in  pus,  thus  in  inflammation 

of  tli(;  serous  membranes,  such  as  the 
l)critoneuin,  pleura,  etc.,  the  exfoli- 
via.  w.-PTAri[VLm'o<-frs  ptweves  Ar-     ,^(^]  j^,„^  proliferated  mcsothellal  cells 
*s  ABSCESS  OF  TiiK  KiDNxv.  may  furiilsli  no  small  part  of  the  cel- 

lular content  of  the  exudate.  In  iu- 
flamination  of  the  mucous  membnines  also,  the  epithelial  cells,  either 
new-formed  or  simply  exfoliated,  may  be  abundant.  Furthermore,  pus 
may  contain  a  variety  of  chemical  subslances  and  foiined  elements  de- 
pending upon  the  place  of  its  formation  or  accumulation.  Thus  mucus, 
fibrin,  cell  and  tissue  detritus,  fat,  and  micro-orgauisms  may  be  inter- 
mingled with  the  pus  cells. 
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The  bacteria  which  are  found  iu  the  various  phases  of  suppurative 
infiaiuiuatiuu  may  lie  free  in  the  interstices  of  the  tissue  with  the  exu- 
date, or  they  may  be  in  part  within  the  cells  whicli  have  gathered 
about  thera  (Fig.  92).  Botii  within  and  without  the  cells  the  bacteria 
may  present  those  structural  alterations  which  denote  their  death  and 
degeneration  in  the  struggle  for  existence  to  which  the  two  forms  of  liv- 
ing beings,  the  microbes  and  the  body  i-ells,  are  subjected  under  the 
conditions  which  tmirk  infeetion.  The  local  and  systemic  reaction,  on 
the  other  band,  and  the  cell  necrosis  whic-h  so  frequently  follows  the 
growth  of  microbes  in  the  body  are  expressions  of  an  unfavorable  envi- 
TOnment  to  which  the  body  cells  as  individuals  and  the  body  as  a  com- 
posite organism  are  subjected,  and  to  which  they  may  successfully  react 
or  under  unfavorable  conditions  may  succumb.' 

In  the  softening  of  tissue  involved  in  the  development  of  at»scesses 
as  well  as  in  the  removal  of  exudate's  by  ab-«orptiou  it  is  probable  that 
the  solution  of  the  formed  elements  of  the  tissues  is  ac.eom]>Iished  by  the 
development  of  lytic— autolytic — substauces  (see  page  187).' 

Toxsemia. — While  the  \'arious  forms  of  exudative  iiiflammatiou  are 
more  or  less  circumscribed,  the  soluble  toxins'  which  are  formed  at  the 
seat  of  local  bacterial  growth  may,  without  the  dispereion  of  the  gemis 
themselves,  be  diffused  through  Hie  blood  and  the  other  fluids  of  the 
body,  giving  rise  to  the  symptoms  and  lesions  of  tarwrnUt — fever  and 
variims  other  forms  of  functional  disturbance,  albuminous  degeneration 
of  the  viscera,  focal  necroses,  petechial  ha-morrhages,  ba;molysis,' throm- 
bosis, leiicocj'tosis,  chromatolysis  of  the  ganglion  cells,  etc. 

Of  these  alterations  in  the  body  which  arc  of  fretiuent  occuri-ence  in 
many  forms  of  toxieinia,  whether  induced  by  bjicterial  or  other  kinds  of 
poisons,' the  only  one  which  demands  six-cial  notice  here  arc  the /tfWfZ 
furroses.  Thes<i  usimlly  small,  often  sharjily  c'irciimscribc»l  areas  of 
dead  tissue  nmy  he  present  in  any  of  the  viscera,  but  are  oflen  most 
abundant  and  conspicuous  in  the  liver.'  They  vary  considerably  in  ap- 
j>earance,  dei>cndiug  upon  the  stage  of  the  tissue  involvement.  The  cells 
in  the  affected  area  may  be  swollen,  the  cytoplasm  more  franspurent  than 
normal,  while  the  imelei  may  remain  unstained  with  the  usual  dyes  or 
show  various  phases  of  fragmentation  or  disiutegnition;  or  llu-y  may 
disappear  altogether.  Again,  the  cells  in  the  involved  arciw  may  become 
more  coarsely  granular  than  is  normal,  may  undergo  a  change  similar  to 
that  seen  iu  coiH;ulationneci-OHisaud  with  destruction  of  the  nucleus  mny 


(>xliiiuHtivc review  of  supnunitivc  iuflHniniatinn  fruiii  tlic  modem fitandpoiiil 
.grtipliy  '■  '  **     ^     '--'■"'--  •  ,    ..    ..    ,.^ 

,  p.  128,  ISM. 


ipnunit 
I,  tk-gii 


with  bibliogrnpliy  consult  Jaiwreki,  Ziegier's  "  Ucitrage  /ur  patli.  Analoniie,"  etc.,  Hd. 


'For  fuller  reference  to  reinoral  of  cxniktes  by  uutolyaig,  see  fooltiotc,  pnge  IIB. 

'See  reference  to  Oppenheimer,  page  164. 

•Porn  summary  of  facts  relating  to  tlie  liipniolytic  power  of  various  HpcHi's  of  bac- 
teria see  Wetek,  "Huxley  Lecture  on  Immunity,"  Jled.  News,  Octolier  18tb.  1B03,  p. 
730. 

>Bee  for  rlTects  of  abrin  and  ricin  fntoxicntion  Fleriier,  .Inuriial  of  Exp.  Meil.,  voL 
fi,,  p.  197.  1897:  also  MfilUr,  Ziegler's  "  He  it  rage,"  Bil.  xxvii.,  p.  331,  1900,  Uibl. 

'  It  scemi  probable  that  Ibis  marked  localization  of  the  action  of  a  soliihle  poistm  tn 
tbe  tissue  fluids  may  l>e  due  to  some  locut  vulncmbilitv  or  RiiscL-ptiliility  inilur<il  per- 
baps  by  limited  vascular  distuibancu  or  by  nutritional  tlefeuts  otherwise  induced. 


!iz=d=,Google 


202  THE  INFECTIOUS   DIBEABES. 

form  deeply  staiuing,  irregular  clnmps  or  masses,  or  may  disintegraie 
(Fig.  93). 

Associated  with  or  following  these  changes  there  may  be  a  gathering 
of  leucocytes  at>out  and  within  these  necrotic  areas,  so  that  tlie  foci  may 
present  the  appearance  of  little  abscesses  or  masses  of  lymphoid  tissue. 
Finally,  these  necrotic  areas  may  undergo  repair  aud  be  replaced  by 
small,  spheroidal,  young  connective- tissue  cells,  grauulatioii  tissue,  oi 
finally  by  small  masses  of  cicatricial  tissue.' 

Septioffimia  and  Pytemia. — Bacteria  as  well  as  their  toxins  may  be 
distributed  from  a  local  portal  of  entry  or  an  infected  region  thronghout 
the  body,  not  only  inciting  general  functional  and  structural  changes, 


Fro.  D;).-ForAi.  necrokis  is  t>ie  Uvkr  indivkd  uy  toxic  material  or  Bacterial  Origin. 

but  -whvn  the  bacteria  lodge  in  ^'al■io^s  situations  giving  rise  by  new  local 
proliferation  to  fresh  foci  of  iuflauimation. 

It  is  customary  to  designate  the  condition  in  which  bacteria  as  well 
as  their  toxins  ai-e  distributed  through  the  body  by  the  blood  and  lymph 
channels  as  w^rfiopinia.  When  fresh  suppurative  foci  develop  as  the  re- 
sult of  this  distribution,  the  condition  is  caXled  pyimnia. 

The  terms  sei)tica'mia  and  jiytemia  are  survivals  of  a  nomenclature 
adapted  to  the  period  before  the  nature  of  the  excitants  of  infectious 
disease  was  definitely  known.  The  manifestations  of  septJciemia  were 
then  attributed  to  the  pix'senee  of  putrid  material  inthe  blood.  Pyfemia 
expressed  the  iH'liof  that  the  lesions  oharaeterizinj*  this  condition  were 
due  to  the  presence  of  pus  in  the  blood.  The  tenu  hacferiwmia  is  some- 
times and  more  correctly  used  to  indicate  the  presence  of  bacteria  in  the 
blood,  but  the  old  words  with  their  new  implications  and  limitations  are 
still  commonly  employed." 

'  For  11  coniprchciisivo  sludy  of  focal  necrosis  and  otiier  aaaocfatetl  lesions  In  certain 
fnrniH  of  toxii'inia,  ronsuU  lliccxccllunt  sliidv  of  FUxner,  "Tlic  Pathology  of  Toxalbii- 
inin  IiiCnxicnIioii,"  Jolins  Ilopkinx  Iliispital  fte|)orts.  vol.  vi..  p.  339,  18&7,  Bibl 

'  It.  liaR  long  bwn  known  that  persons  who  liavo  rcccfvpd  injuries  or  wounds  may 
suffer  from  coiislitiitinnnl  symptoms,  among  the  most  marked  of  which  may  be  fever, 
and  develop  Uical  or  (iisseminated  It'Sions.     To  dcsignal.e  the  condition  of  these  patients 
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The  term  pgwmia,  as  will  be  seen,  indicates  a  clinical  and  anatomical 
phase  of  septiciemia. 

The  new  foci  of  snppuratiou  in  pytemia  are  called  metastatic  abscesses, 
and  iu  distribntion  these  may  bear  an  obvious  relationship  to  the  seat  of 
the  primary  lesion.  Thus,  in  suppurative  processes  iu  the  intestinal 
tract,  metastatic  at)scesses  are  liable  to  occur  iu  the  liver.  From  sup- 
puratioiLs  in  the  skin,  bones,  muscles,  etc.,  infectious  emboli  maybe 
transmitted  to  the  lungs  and  lead  to  infarctions  and  abscesfl ;  or,  passing 
these  organs,  the  germs  may  induce  multiple  abscesses  in  the  kidneys 
and  in  other  viscera. 

It  should  be  remembere<l  that  the  point  of  introduction  into  the  body 
of  the  offending  germs  may  be  wholly  concealed  and  not  associated  with 


Tin.  W.— MrtHOTOca  is  Uahses  ir(  the  FcBKLNotH  eicdatios  of  py««ic  Plki-rist. 

any  form  of  demonstrable  external  lesion.  This  is  often  called  cri/jytO' 
genetic  pyiemia  or  septico- pyemia. 

After  death  from  septicfcmia  and  p,\ieiiiia  then,!  is  a  considerable 
variety  in  the  post-mortem  appeamuees. 

There  are  cases  in  which  there  are  no  recognizable  gross  lesions. 

Thei^e  are  cases  characterized  by  early  post-mortem  decomposition; 
post-mortem  staining  of  the  tissues;  congestion  of  the  lungs,  stomaeh, 
intestines,  and  kidneys;  extravasations  of  blood  in  the  serous  mem- 
branes; swelling  of  the  solitarj-  and  ngniinated  lymph-uodules  in  the 
small  intestine;  swelling  of  the  spleen  and  albuminous  degeneration  of 
the  liver  and  kidneys;  chromatolysis  of  the  gjinglion  cells  of  the  brain 
and  cord. 

There  may  be  localized  inflammations.  The  joint.s  and  the  ti-s-sue 
about  them,  the  pleura,  the  iiericurdinm,  the  endocardium,  the  peritoneum, 

Ihe  terms  pysmia.  septiciemitt,  wptico- pyiemia,  pyo-spplicitmiii,  khora'inin,  iiiflammti. 
t<)ry  fever,  surgical  fevfr,  traiiiiiiitic  fever,  suppuralive  fever.  pueq)eral  fever,  aod 
purulent  iufoctioD  bavc  twcQ  used. 
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the  pia  mater,  and  the  conuecti^'e  tissue  iu  differeut  parts  of  the  hody 
ma;  be  iDflamed.  These  local  iuflamiuations  are  usually  pnmlent,  ex- 
cept in  the  serous  membranes,  where  the  principal  inflammatory  product 
may  he  fibrin  (Fig.  89).  The  veins  iu  the  neighborhood  of  the  wound 
may  contain  softened,  purulent  thrombi,  without  infarctions  in  the  vis- 
cera while  there  may  be  inflammation  of  the  joints  and  serous  membranes. 
On  the  other  hand,  with  the  venous  thrombosis  there  may  be  infarctions 
and  abscesses  in  the  viscera;  local  inflammations  of  the  joints  and  serous 
membranes  may  be  present  or  absent.  While  thrombi  are  often  formed 
iu  the  veins  near  the  wound,  they  may  be  situated  iu  veins  at  a  distance, 
and  sometimes,  although  infarctions  and  abscesses  be  present,  no  thrombus 
can  lie  discovered.  The  veins  may  be  distended  by  the  thrombi  or  contain 
only  small  coagnla.  The  different  kinds  of  thrombi,  and  the  vaiieties 
of  emboli  and  infarctions  which  they  produce,  are  described  in  the  section 
on  Thrombosis,  p.  72.  Leucocytosis  usually  accompanies  pysemia  and 
septicsemia  as  well  as  the  suppurative  process  with  which  they  are  asso- 
ciated. Studies  of  the  l)loo<l  in  various  fonns  of  septictemia  are  nimierous 
and  instructive,  but  we  cannot  consider  them  liere." 

Various  lines  of  research  on  minute  changes  in  cells  which  bacterial 
and  other  poisons  may  induce  justify  the  expectation  that  more  and 
moi-e  we  shall  be  able  to  associate  characteristic  groups  of  symptoms  in 
toxtemia  and  septicaemia  for  which  there  is  now  no  morphological  basis, 
with  well-defined  cell  alterations.  Among  the  most,  strikiugof  the  toxic 
cell  lesions  thus  far  studied  in  septicjemia  and  bacterial  toxaemia  are  those 
involving  the  cytoplasm  of  the  ganglion  cells  (see  Ner\'ou8  System), 

THE   PTOOENIC  BACTERIA. 

Wliile  many  species  of  microbes  are  capable  under  favorable  condi- 
tions of  inciting  sup])uration  and  other  forms  of  exudative  inflamma- 
tion and  may  when  they  or  their  toxins  are  dissi>minated  in  the  body 
give  rise  to  toxicnna,  septiea>mia,  and  pycemia,  there  are  two  forms 
whicli,  on  account  of  their  early  discoverj'  and  their  relati\e  frequency, 
are  commonly  considered  as  par  ej^ceUenve  "  pyogenic  "  hju'teria.  These, 
which  are  called  Staphglopomia  and  Streptococcus,  we  shall  consider  first, 

ClIAK.itTKKH  OV  STAPH YLO(X)C(TS  PYOGENES, 

The  Stiiphsliirii"-'!*  pyif/piie'i  arirent  (Micromcctis  pyogenes  aureus)  (Fijt.  9!i)  h  n 
relatively  snuill  coccus,  the  itiilh'i<)ua1s  varjiug,  biiwevi-r.  considi-mhiy  in  siie  (0.7  to 
1.3  /I  ID  diameicr).  In  its  (irowtii  it  does  nut  sliow  a  (-iiurai'ierintli:'  gruupiDg.  but  grows 
Id  im-gular  musn'S  and  heaiK«  til"'  siiincwiiat  criith-  rcst^niblHiice.  wlien  studied  under 
a  C<)ver  glass,  tou  liuneli  of  gmpi'spiive  rise  tnllie  pencrio  name):  sometimes,  however, 
pairs  aoil  groiipsof  fouror  short  niwsot  the  coeei  an-  seen.  Tlie  germ  is  readily  stained 
by  llic  anilJD  dyes,  and  does  not  lose  its  coloi'  Id  Gram's  method  of  staining.     It  (loos 

'  Consult  W/iitf.  Journal  of  En  peli mental  Jledicii 
Ad" mi.  .lournal  of  the  Anierieun  Medical  .issiwiat 
Both  have  bibliograpJiy. 
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not  show  spontaneous  movemcDt,  and,  like  otiier  spbcroidal  forms,  does  not  appear  to 
develop  sporea.  It  is  quite  tenacious  of  vitality,  surviving  long  drying  and  degrees  of 
heat  and  cold  and  an  exposure  to  clieniical  bactericides  to  which  many  pathogenic  germs 
readilv  succumb.  It  grows  well  at  ordinary  room  temperature  iu  such  artificial  culture 
medif' as  nutrient-gelatin,  agar,  beet  tea,  and  milk,  and  on  potatoes,  forming  somewhat 
voluminous  masses  of  culture.  It  rapidly  fluidifies  gelatin, 
coagulates  milli,  and  in  the  various  media  develops  a.  yellow- 
ish-wliite  or  a  deep  golden-yellow  color,  whence  its  specitic 
name,  aareuf.  and  iU  common  name,  "golden  coccus."  Its 
color-producing  capniity  is  subject  to  wide  variation. 

Effects  of  Staphylococciu  Pyogenes  in  the  Body. — 
From  m*«i-te«  cuimre.  The  viruleiicc  of  cultures  of  8tapbylocoecua  pyo- 
genes obtained  from  different  sources  varies  con- 
siderably, but  in  general,  suppuration  is  not  readily  Induced  in  the 
lower  animals  by  its  subeutaucotis  injection.  Liability  to  suppuration 
is  greatly  increased  by  mechanical  or  chemical  injury  to  the  tissues  with 
which  the  germ  is  brought  in  contact.  Injection  of  a  virulent  culture 
into  the  ear  ^■ein  of  the  rabbit  is  usually  followed  by  multiple  abscesses 
in  the  kidneys  and  muscles,  by  suppuration  of  joints,  etc. 

In  man  this  coccus  grows  readily  and  rapidly,  and  may  induce  necro- 
sis and  exudative  inflammation,  especially  the  suppurative  phases  (Fig. 


fio.  stL— Masses  of  micrococci  in  a  Blooo- Vessel  of  the  Kwxey,  im>lcijio  i  smau,  abscess. 
']  In  wblrh  ttiv  batlvrla  lie  is  Hi)  area  of  necrotic 

9C).  The  lesions  which  it  induces  are  apt  to  be  circumscribed.  It  may 
induce  pustules,  boils,  and  abscesses,  and  various  suppurative  inflamma- 
tions of  the  viscera  and  serous  membranes,  joiuts,  bones,  endocardium. 
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etc.  These  effects  may  be  induced  by  the  staphylococcns  alone  or  by 
it  ill  association  with  other  species  of  gernis. 

Staphylococcus  py(^iies  aureus  incites  thcise  changes  in  the  body  iu 
virtue  of  certain  toxins  or  toxalbumins  which  are  produced  as  the  re- 
sult of  its  metabolism,  and  which  are  either  at  once  set  free  or  stored  np 
iu  the  body  of  the  germs  until  their  release  by  disintegration  after  tlie 
death  of  the  germs.  The  special  power  of  the  staphylococcus  to  caiuie 
the  gathering  of  leucocytes  is  api>arently  due  to  the  marked  chemotactic 
powers  of  some  of  the  proteid  substances  in  its  protoplasm. 

It  may  enter  the  body  through  wounds,  small  or  large,  of  the  skin 
or  mucous  membranes,  and  sometimes  through  uninjured  surfaces.  In 
many  cases  its  mode  of  access  is  not  evident."  While  usually  this  germ 
soon  dies  in  the  body,  it  may  remain  for  a  long  time  aiive. 

It  is  widespread  in  inhabited  regions,  especially  In  towns,  being  fre- 
quently found  on  the  surface  of  the  body,  and  in  the  saliva,  particularly 
of  those  with  acute  or  chronic  catarrh  of  the  upper  air  passages.  As  the 
result  of  the  filthy  habit  of  indiscriminate  public  spitting,  it  is  common 
iu  the  dust  of  hospitals,  houses,  towns,  public  conveyances,  and  places 
of  public  assembly.' 

Other  Forme  of  Staph7lococcu«. 

fUiphylocorens  pyogeiiet  albiia. — This  appears  to  be  a  variety  of  the  Staphyloroccus 
pyogCLL'S  wlilth  does  not  develop  the  ycilow  i-olor  in  cidliires.  It  is  of  frettuciit  oc- 
currence ttoth  in  connection  wttli  tlieaureuaaad  alone.  Its  action  on  the  body  is  similar, 
but  it  lias  Reenied  to  many  observers  to  be  ia  general  leas  virulent. 

8ttiphjilnroefu»e}ndermMmaUm».—'Y\\i%  coccus  has  been  dcst^rihed  by  Welch  as  of 
frequent  occurrence  in  the  epidermis,  and  although  of  rather  feeble  pyogenic  power. 
yet  seems  frequently  to  cause  small  stitch  abscesses  and  moderate  suppuration  along 
drainage  tubes.    Welcli  regards  it  as  possibly  a  variety  of  Staphylococcus  pyogenes 

Otlicr  forms  of  staphylococcus  have  been  descrilx-ii^S.  salivarius  pyogenes,  S. 
cereus  albus  and  flavus— but  they  are  apparently  of  little  pathological  signiticance. 


ChAHAITERS   of   the   StKEPTOOOCCVS   rYOGENES. 

The  f^tiviifiie-ieeiit  pgogeni-s  {ilicrococcns  pyogenes)  is  dislinguislied  morphologically 
from  tiie  cocci  Just  described  by  the  marked  tendency  which  the  individuals  exhibit, 
when  growing,  to  liaug  together  iu  longer  or  shorter  cliuius  (Fig.  9").  It  is  like  the 
Staphylococcus  pyogenes,  inimobile,  and  stains  easily  in  the  same  way.  By  a  special 
method  Hiss  has  demonstrated  a  capsule  on  streptococci.* 

It  grows  readily,  but  more  slowly  than  Staphylococcus  pyogenes,  on  the  ordinary 
culture  media.  It  does  not  Huidify  gelatin,  on  witicU  it  grows  as  small,  inconspicuous, 
grayish-wbite  colonies.  On  the  surface  of  agar  plates  kept  in  the  thermoslat  ul  87''  C. 
for  twenty-four  bout's,  the  small  grayish  colonies  usually  show,  uuder  the  microEco|)e. 
loops  and  fringes  of  the  chain-li Ice  cocci  extending  oH  from  the  borders.  The  growth  on 
potiitocs  is  inconspi<;uous.  In  nutrient  brotli  it  usually  forma  delicate,  floceulent  masses, 
which  cling  to  Ihc  sides  of  the  tultes,  Icnving  the  Auitl  clear.    Occasionally  the  masses 

'  For  a  resume  of  the  rOle  of  S.  pyogenes  aureus  in  the  skin  disease,  with  bibtiogra- 
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of  Streptococci  are  deose  ami  compact.  Not  infri^qucDlh'  ihc  growth  is  diffused  through 
tlie  nutrient  broth,  rendering  it  turbid.  When  in  vigorous  gr()wth  it  coagulates  milk. 
Streptococcus,  as  well  as  Stapliylococcua  pyogenes  aureus,  develops  hteniolytic  sub- 
stances in  its  growth.' 

There  is  coDsiderable  <1iffercDce  in  tlic  tenacity  witli  wliicli.  in  broth  cultures  of 
streptococci  from  different  sources,  the  individual  cocci  cling  together,  so  tliat  in  one  set 
of  cultures  Ihe  chains  may  be  very  long,  in  another  short.  It  has  been  thought  by  eomi; 
observers  that  this  difference  is  so  constant  as  to  Justify  special  uames  for  these  growth 
variunt.i  of  the  streptococcus,  and  tiiey  liave  i>een  called  respectively  StrepCoeocfiiii  tongut 
an<l  Sfrryiioeoceiis  breria.  The  growth  in  small  dense  masses  lias  given  rise  to  the  name 
^reptoeoceuf  conglontei'atui.  It  is  doubtful  whether  these  names  indicate  more  lliau 
—^  ratlier  incon.itant  growth  varieties  depending  upon 

f\      f^l>^"5S  variations  in  the  culture  media. 

*^  y^S!^S^Jf^jC/»  \  Effects   of  Btreptocoocns   Py(^eneB  in  the 

Body. — Streptococci  which  give  evidence  of 
little  virulence  iu animal  inoculation  arc  very 
cominoD  in  the  mouths  of  healthy  persons. 
The  siguiticiincc  of  these  germs  in  healthy 
mouths  is  not  yet  clear. 

The  results  of  animal  inoculation  with  the 
Streptococcus  pyogenes  ai-e  in  general  simi- 
lar to  those  with  the  Staphylococcus  pyogenes  aureus.  The  strepto- 
coccus is  very  frequently  associated  with  the  staphylococcus  both  in  its 
distribution  outside  the  body,  in  healthy  persons,  and  in  disca,se.  In 
general  it  may  be  Slid  that  the  streptococcus  incites  those  forms  of  sup- 
puration and  fibrin o- purulent  inflammation  which  tend  to  Rprcad  both 
locally  and  through  metastasis. 

Streptococcus  pyt^enes  has  been  found  either  alone  or  in  a^ociatiou 
with  staphylococcus  in  a  large  uumber  of  suppurative  processes  iu  vari- 
ous parts  of  the  body,  the  condition  in  some  cai^es  receiving  special  names, 
■n  others  not.  Thus  in  boils  aud  carbuncles,  in  absoe-sscs  and  phlegmons, 
in  herpes,  impetigo  and  imnaritiuin,  in  phlebitis  and  Ij-mphangitis,  in 
erysii>elas,  in  suppurative  inflammation  of  various  mucous  and  serous 
membranes,  and  in  some  forms  of  pneiunonia,  one  or  other  or  both  of 
these  germs  are  frequently  eoncernctl." 

One  of  the  most  important  features  of  the  relationship  of  Streptococ- 
cus pyogenes  to  man  is  the  frequency  with  which  it  enters  its  a  concur- 
rent pathi^enie  agent  in  already  established  infectious  diseases  due  to 
other  forms  of  micro -oi^nisins.  Thus  some  of  the  most  serious  com- 
plications to  which  the  victims  of  scarlatina,  diphtheria,  typhoid  fever, 
and  pulmonary  tuberculosis  are  liable  are  due  to  the  action  of  the  strep- 
tococcus in  the  body  rendered  unusually  vulnerable  by  the  existence  of 
another  form  of  infection.  The  serum  of  individuals  adapteil  (imnia- 
uized)  to  streptococci  may  agglutinate  the  micro-organisms.' 

Streptococci  wliicli  upon  their  isolation  from  tlie  body  iu  suppurative  or  other  in- 
fections iiroccsses  aru  very  virulent,  uaiialiy.  and  sometimes  vtry  iiuickly.  partially  or 

'  For  htemolysis  of  streptococcus,  see  .'■khdtiiiiKi;  Zeit.  f.  llvg.  u.  Infkr.,  Bd  xliv., 
1903.  p.  4?8. 

-  Anaerobic  streptococci  have  been  found  by  various  observers 
other  forms  of  suppuration  of  which  tlicy  are  apparently  the  exeitani 

'  For  a  St  udv  of  agglutination  of  stri'plococci  see  Mumr  ami  VUmeii 
Abth.  I.,  1903,  pp.  560  and  714;  also  yiufetd.  Zdlsch.  f.  Ilvg.  u. 
1W3.  p.  Ifll ;  als..,  Weacer.  Jour,  of  Inf.  Dk,  vol.  i.,  1903,  p,  Bl. 
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wholly  lose  this  virulence  under  artiUcial  ciilliTalmn.  On  the  otiier  hand,  cultures  of 
streptococci  which  have  largely  lost  viruteDCC  under  artificial  cullivatiOD,  or  wliose 
iultial  virulence  was  slight,  tnay  experience  a  great  exallatiou  of  viruleacc  by  a  long 
succession  of  inoculations  from  animal  to  aDiiiial  ' 

The  metabolic  products  formeil  by  virulent  streptococci  growing  in  nutrient 
broth,  when  freeil  from  the  germs  by  fillrution,  have  been  found  1o  induce  in  animals 
the  symptoms  of  toxtemia.  The  results  nf  preliminary  experiments  on  immunization 
with  ihese  toxic  products  of  S,  pyogenes  and  the  use  of  the  blood  serum  of  the  immune 
auimal  for  therapeutic  purposes  apiieor  to  be  promising.  But  the  practical  value  of 
the  so-called  *trepU)coeeui  aiUitotiu  is  nt  this  dale  not  fully  determined. 

EBYSIFET.Aa 

Erysipelas  is  a  diffuse  iuflamination  of  the  skin  and  subcutaneous 
tissue  ivhicli  tends  to  spread,  and  is  characterized  locally  by  swelling  of 
the  tissue  and  abright-red  color  of  the  intcgnnieut.     It  is  usually  accom- 


panied by  constitntional  disturbances,  the  most  marked  of  which  is  fever. 
The  morphological  changes  at  the  seat  of  lesion,  as  we  see  them  after 
dciith,  vary  considerably  in  different  cases  and  in  different  stages  of  the 
disease.  The  n>dnesa  of  the  skin  iimuvlly  disappears  after  death.  But 
the  tissnes  may  l>e  swollen  by  the  accumulation  of  serous  flnid.  This 
fluid  may  be  nearly  transparent,  or  turbid  from  admistnre  with  pus  cells 
(Fig.  08).  Pns  cells  may  infiltrate  the  tissues  either  sparsely  or  in  dense 
masses.  Fibrin  may  be  present,  abscesses  may  form.  Sometimes  vesi- 
cles or  scabs  are  found  on  the  surface,  or  the  affected  region  may  l>eeome 
gangrenows.  Aside  from  the  local  lesions,  there  may  be  toxfemia  marked 
by  pi'techiie  in  the  serous  membranes,  swelling  of  the  spleen,  focal  necro- 
ses, and  albuminous  degeneration  in  the  kidneys  and  liver. 

The  most  comaion  excitant  of  erysipelas  is  Streptococcus  pyogenes.' 

'  For  bibliography  of  streptococcus  consult  the  article  bv  r.  Liiigtltlieim,  in  Knlle 
and  Was-sermann's  "Handbnch  der  llikroorgunisnien,"  fti.  li.,  p.  8(ffl;  for  a  study  of 
the  action  of  streptococcus  toxin  on  various  juirts  <if  the  body  sec  Jlomeit  and  others, 
Zieglers  ■'Bc'ltiflge,"  I(d.  x.xv.,  p.  I.JQ.  18119. 

'  In  the  early  days  of  mmlem  bacteriology  tlie  "chain  "  coccus  which  was  discov- 
ered in  the  exudate  of  erysipelas  was  (hough't  to  bear  a  peculiar  relationship  to  this 
clinical  form  of  phlegmonous  itiHummatlon  and  was  called  by  Fehleiien  Streptococcus 
crj-sipek(is,  but  it  has  now  been  deliiiitely  identilied  with  the  B.  pyogeuea 
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This  oi^nisuL  may  be  present  in  large  oumbers  in  the  lymph-vessels, 
especially  iii  the  borders  of  the  inflamed  region.  The  reasons  for  the 
clioical  peculiarities  of  this  phase  of  iufiammation  are  not  yet  very  clear. 

INTECnOITS  PBETmO-MXHBSAlfOnS  INFLAHKATION  OF  HUCOTTB 
HEHBBAITES.  (Fseudo-Diphtheria ;  DiphtlieToid-AiLgma  ;  Hembronous 
Angina.) 

Under  a  variety  of  conditions,  as  during  scarlatina  and  measles, 
■whooping -coi^h,  typhoid  fever,  etc.,  or  entirely  apart  from  any  compli- 
cating disorder,  an  acute  exudative  iufiammation  of  the  mucous  mem- 
branes, especially  of  the  upper  air  passages,  occurs,  vhich  is  associated 
■with  and  is  apparently  induced  by  the  growth  of  Streptococcus  pyo- 
genes.    There  may  be  much  or   little  fibrinous  exudate ;  there  may  in 
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early  stages,  or  even  throughout,  be  none  at  all.  The  pellicle  when 
formed  may  he  loose  or  adherent,  sharply  eii-ciunscribed  or  tending  fo 
spread.  The  submucous  tissue  may  show  little  change,  or  may  be  con- 
gested and  cedematous,  or  may  be  the  seat  of  suppurative  inflamniation 
(see  Fig.  99),  necrosis,  or  gangrene.  The  process  may  be  confined  to 
the  tonsils.  A\Tiile  under  these  varying  conditions  the  inflammatory 
process  is  usually  a  local  one  and  runs  its  course  with  or  without  the 
symptoms  of  septiceemia,  occasionally  the  streptococcus  which  eiitera 
the  blood  may  induce  the  lesions  of  pyicmia.  On  the  other  hand,  it 
may  by  aspiration  gain  access  to  the  lungs  and  induce  varying  phases 
of  complicating  broncho -pneumonia.  The  Stajihylococcus  pyt^rencs  is 
not  infrequently  associated  with  the  streptococi-us  in  these  lesions,  but  is 
not  apparently  of  primary  significance.  Simulating  verj-  closely,  as  it 
14 
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does  in  many  cases,  both  the  local  aud  general  pbenomeDa  of  diphtheria, 
this  disorder  has  formerly  been  confouuded  with  it,  and  has  been  ouly 
recently  recognized  as  a  distinct  phase  of  disease.  It  is  now  most  fre- 
quently called  pseudo-diphtheria.  It  seems  iu  part  to  cover  the  condi- 
tion formerly  known  as  croup,  in  part  those  eases  formerly  thought  to  be 
mild  diphtheria.  In  many  phases  of  acute  angina,  and  in  many  cases  of 
follicular  tonsillitis,  streptococci  have  been  found  in  large  numbers. 
Other  bacteria,  either  alone  or  in  association  with  the  pyogenic  cocci, 
may  be  excitants  of  psendo-membranous  as  well  as  simple  angina. 


Wliile  the  Staphylococcus  pyogenes  aud  Streptococcus  pyogenes  are 
the  most  conunou  excitants  of  local  suppuration  with  and  without  toxismia 
and  septicteniia,  such  conditions,  as  we  have  seen,  are  not  infrequently  due 
to  other  micro-orgauisms.  Among  these  we  may  mention  here  as  tlie 
more  common  and  important:  Micrococcus  lanceolatus,  the  gonococcus. 
Micrococcus  tetragenna,  Bacillus  pyoeyaneus,  the  colon  and  the  typhoid 
bacillus,  the  bacillus  of  glanders,  the  tubercle  bacillus,  the  pueumo- 
t>acillus  of  Friedlander,  the  dlplococcns  of  cerebro -spinal  meuiugitis, 
Bacillus  pyogenes  fcetidus,  aud  Actinomyces  with  its  related  forms. 

In  some  of  these  organisms  the  pyogenic  qualities  iu  their  relation- 
ships to  human  infections  are  most  conspicuous;  in  others,  the  reaetion 
of  the  body  to  their  presence  is  such  as  to  justify  a  special  name.  The 
latter  is  particularly  noteworthy  in  the  case  of  the  pneumococcns,  the 
gonococcus,  glandei's,  typhoid,  aud  tubercle  biicilli,  diplococcus  menin- 
gitidis, aud  uctiuouiyces. 

Mauy  othei"  micro-orgauisms  may  be  excitants  of  suppurative  inflam- 
mation in  man  as  well  as  in  the  lower  animids  under  experimental 
conditions,  but  this  exceptional  reaction  of  livii^  tissues  does  not  fall 
within  the  scope  of  this  work,  which  deals  primarily  with  such  tissue  re- 
actions as  may  occur  under  the  natural  conditions  of  life. 

The  BACiLurs  Coli  Communis  and  the  Colon  Geoup. 

The  badlliii  coH  commiinm  is  an  organism  so  frequently  present  in  the 
intestines  under  uormal  conditions  as  to  be  commonly  called  the  "colon 
bacillus."  It  is  motile,  facultati\e  aerobic,  asporogenous,  considerably 
resembling  iu  general  form  the  typhoid  bacillus  (s(*  p.  227).  It  has 
been  repeatedly  found  under  such  conditions  in  connection  with  suppura- 
tive processes  as  to  justify  the  belief  that  it  is  often  their  excitant. 

It  has  been  found  in  various  forms  of  peritoneal  suppuration,  both 
with  and  without  such  lesions  of  the  intestine  as  would  obviously  permit 
of  itsegi'ess;  iu  appendicitis;  iusuppumtion  about  the  gall-ducts;  iubiem- 
orrhagic  pancreatitis;  in  indammatory  processes  in  the  genitourinary 
apparatus ;  in  the  pericardium  aud  pleura.  Although  a  usual  inhabitant 
of  the  intestinal  canal,  the  Bacillus  coli  is  often  extremely  virulent  when 
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ODce  it  gains  access  to  the  tissues  of  the  body,  csi>ecially  if  these  be 
otherwise  injured  beforehand.  Local  infection  with  this  organism  ie« 
often  associaU-d  with  serious  toxieiuia  and  septicieniia.  Intravascular 
injections  of  virulent  cultures  in  rabbits  are  usually  followed  by  symp- 
toms and  lesions  of  septictemia.  Introduced  subojitaneously  and  intra- 
peritoneally,  it  may  eicite  local  suppuration  or  serofibrinous  inflamma- 
tion, often  btemorrhagic  in  character,  terminating  fatally.' 

There  are  so  many  organisms  so  closely  rcNcmbling  the  colon  IhicIIIus 
in  their  morphological  and  biological  characterM  that  it  has  been  found 
cou\'euient  to  consider  them  as  possible  variations  of  one  form  and  to 
spi'ak  of  them  collectively  aa  the  "colon  group."  The  ditfei-entiation 
between  the  individual  members  of  this  group  and  between  these  and  the 
typhoid  bacillus  has  presented  many  difhculties  to  biicteriologists  and 
given  rise  to  much  technical  finesse.  It  is  now  possible  to  differentiate 
between  the  membei-s  of  the  colon  group  and  the  typhoid  bacillus  and 
to  separate  them  iu  pure  cultures  (see  p.  237). 

The  Bacillus  Pyocyaneus. 

This  has  been  known  for  several  yeai-s  as  an  onranism  occasionally 
found  in  pus  to  which  in  its  growth  it  imparted  a  greeiiitih  color. 
Cbarriu  in  18S9  established  the  significance  of  the  organism  as  an  exci- 
tant of  suppurative  inflammation  and  various  manifestations  of  s«.'])ti- 
ciemia  to  which  he  gave  the  name  "  MalatUe  pyoq/amque. "  Since  this  time 
many  cases  have  been  reported  in  which  the  Bacillus  i)yocyanens,  cither 
alone  or  iu  a^fsociation  with  other  orgauisins,  has  been  fouud ;  for  ex- 
ample, in  purulent  otitis  media,  augiija,  endocarditis  and  i)ericarditis, 
suppurative  inflammation  of  the  urinaiy  tract,  meningitis,  broncho-pneu- 
monia, gastro -intestinal  disturbances  iu  infants  and  adults,  and  iu  lesions 
of  the  skiu  as  well  as  In  systemic  infectious  arising  from  primary  local 
suppurative  inflaniniation.  The  green  color  is  not  always  present  in  the 
lesions,  being  first  develoi>ed  iu  the  cultures  or  in  experimental  animals. 

The  occurrence  of  the  oi^uism  is  on  tlie  whole  infi-equent.  It  was 
found  by  Jadowski  twice  in  systematic  cultures  of  the  exudate  from  two 
hnndred  cases  of  suppurating  wounds.  Barker  f  aund  it  in  eleven  out  of 
eight  hundred  cases  in  which  systematic  cultures  from  autopsit^  were 
made.  It  was  found  in  three  out  of  one  hundred  ca-ses  examined  by 
Lartigau.  Among  the  more  marked  lesions  which  may  be  present  in 
cases  of  pyocyaneus  infection,  we  may  mention  albuminous  degeneration 
in  the  viscera,  focal  necroses,  hsemorrhages,  lo«J  hjiMirphisiiB  ,Oerters 
lesion)  in  the  lymph-uodes  and  nodules  throughout  the  body,  and  espe- 
cially superficial,  circumscribed  or  (lifi'use  necrosis  and  ulceration  iu  the 
intestinal  mucous  membrane.' 

'  For  details  concerning  B.  cnli,  willi  bibliography,  si-l-  Liirti)/iiii,  "StudiVs  from  (be 
I>pt,of  Path.,  Col.  of  Pliys- at"]  Surg.,  Colunibiu  UniviTsitv,  vol.  viii.,l»()2;  a Isn  con- 
sult .Wife,  -Traite  lie  Bacteriolij^ie/  1901;  aUo  E-a-liei-ieh  ni.d  lynundlcr  in  Kollu  and 
WassermanD's  "  Ilanilbiioli  der  Mikrnorgaiiisinen."  Ud.  ii..  p.  3^. 

'For  a  critical  sum  inarv  of  tlie  casts  willi  original  sludws  juiil  bibliograpliy  cinaiiU 
Lartigau,  Pliiladclpbia  Medical  Journal,  Septenilxir  ITtli,  ItJOtj;  also  Juuruiil  of  E-ipcri- 
mental  Medidae,  vol.  iii.,  p.  593,  1»9H, 
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ChATftcten  of  the  Orguium. 

This  organism  is  from  1.5  to  2  /i  long,  Bomctimea  grows  In  abort  chajna.  la  motile, 
and  decolorizes  by  Gram's  method.  It  growa  readily  on  artificial  media,  usually  devel- 
oping a  greenish  pigment.  It  liquefies  gelatin.  Subcutaneous  injection  of  cultures  in 
rabbits  may  be  followed  by  local  auppuration,  by  hfemorrhagic  cedema,  and  by  septi- 
cemia. 

Bacillus  Pneumonia  (Fbiedlandeb). 

In  a  small  proportion  of  cases  of  lobar  and  lobular  pneumonia,  and 
in  a  few  cases  of  exudative  inflammation  of  the  pleura,  pericardium, 
meninges,  and  middle  ear,  this  bacillus  has  been  found.  It  is  sometimes 
found  alone,  but  in  pneumonia  is  frequently  associated  either  with  the 
Micrococcus  lanceolatus  or  with  the  pyogenic  cocci.  It  has  l)een  found 
in  the  nasal  secretion  and  mouths  of  healthy  persons.  While  belonging 
definitely  among  the  bacilli,  it  so  frequently  occurs  in  the  form  of  very 
short  rods  or  ovals  or  short  chains  that  it  was  formerly  thought  to  belong 
among  the  cocci. 

It  seems  highly  probable  rather  than  proven  that  it  may  be  at  least 
paj-tially  responsible  for  the  lesions  with  which  it  is  infrequently  asso- 
ciated in  man.  This  germ  was  formerly  believed  to  be  of  great  impor- 
tance ill  connection  with  acute  lobar  pneumonia,  and  for  a  time  was 
generally  spoken  of  as  the  pQeunioeoceus  of  Friedhinder.  It  is  now 
known  not  to  be  a  coccus,  and  is  certainly  of  subordinate  if  at  all  of 
serious  importance  iu  the  induction  of  inflammation  of  the  lungs.' 

lIicBOCorcus  Tetragenus. 
Tliis  organism  has  been  many  times  found  about  the  mouth  and  re- 
spiratory tract,  especially  in  conne^^tio!l  with  suppurative  processes.  It 
has  been  found  also  iu  metastatic  ab.sce.sses,  While  uot  very  virulent  it 
is  apparently  an  occasional  excitant,  either  aloue  or  with  other  oi^:an- 
isins,  of  suppuration.' 

Oharactera  of  thft  Orgaxiiam. 
It  is  a  coccus  about  1  /i  in  diameter,  usually  occurriug  in  groups  of  four.  These 
tetrad  groups  may  be  encapaulaled.  It  stains  by  Gram's  method,  and  is  readily  culri- 
vatctl  OD  artillcial  media.  It  forms  a  dense  whilisli  growth  on  gelatin  which  it  docs 
not  fluidify.  Septicemic  lesious  with  local  suppuration  may  be  iuduced  in  guinea-piga 
by  subcutaocous  injection  with  cultures. 

The  Proteus  Gboup  of  Bacilli. 
This  is  a  large  and  in  the  economy  of  nature  an  Important  gronp  of 
bacilli  much  concerned  with  the  putrefactive  proc&sses. 

'  I/oiriii-d.  Phiiadclphia  ^tedical  Journal,  vol.  i.,  p.  336,  1898;  Z^on.  "Lc  bacille  de 
Fricdlflndi'r."Thfse.  I-aris.  I81I7, 

For  a  study  of  lliis  and  related  orgauisms,  see  Strong,  Journal  Boston  Society,  vol. 
iii,.  p,  IfM. 

'For  resume  of  the  significance  of  M.  tctragi'iiua  and  for  bibliography,  consult 
LaHigau,  Philadelphia  Aledical  Journal,  April  a2d,  1899. 

Digitized  by  Google 


THE  INFECTIOUS  DISEASES. 


Oharactora  of  the  Oronp. 
The  bacilli  of  this  group  may  be  aerobes  or  facultative  anaerobes.  They  are  of 
medium  size,  aaporogenoua,  and  while  staiQing  readily  with  ordinary  dyes  are  apt  to  be 
decoloriied  by  the  Gram  method.  While  the  organisms  of  this  group  are  bacilli,  they 
often  present  considerable  variatioo  ia  form  as  tliey  grow,  sometimes  being  very  short 
so  as  to  resemble  cocci,  sometimes  forming  threads  wliich  may  be  so  beut  as  h)  suggest 
spirals.  Their  growth  on  solid  media  is  especially  cliarocterizcd  by  the  tendeDcy  to 
send  runoera  from  the  central  growth  out  into  the  surrounding  media,  thus  establishing 
seconilsry  growth  cenlres.  They  are  jwrticularly  sensilive  to  environment,  so  tliat 
physiological  as  well  as  morphological  Tariations  are  frequent.  It  is  for  these  reasons 
that  the  name  Proteus  has  been  given  to  the  group  and  to  various  species.  The  limiu- 
tions  of  the  named  species  are,  however,  in  many  cases  quite  ill  dellncd. 

One  of  the  moat  common  forms  has  been  called  Proteus  vvlgai-vt. 
While  this  bacillus  is  veiy  widespread,  it  ia  only  occasionally  the  exci- 
tant of  pathological  processes  in  man,  and  then  almost  always  in  concur- 
rence with  other  organisms,  usually  the  pyogenic  cocci.  Under  these 
conditions  a  suppurative  inflammation  with  foul  exudate  is  apt  to  de- 
velop. Thus  it  has  heen  found  in  purulent  peritonitis  and  endometritis, 
in  pleurisy  and  in  phlegmonous  iuflammation  iu  vai'ious  parts  of  the 
body.  Although  this  bacillus  is  not  apt  to  grow  in  the  human  body, 
except  iu  association  with  other  micro-organisms  which  may  damage  the 
tissues  or  in  tissues  already  vulnerable  from  injury,  it  may  in  the  blad- 
der independently  incite  an  exudative  inflammation.  In  animals,  sub- 
cutaneous injection  of  the  pure  culture  in  considerable  quantity  may 
lead  to  abscess,  while  the  soluble  products  of  broth  culture  may  induce 
toxaemia. 

Several  other  forms  of  Proteus,  as  well  as  closely  related  species, 
have  been  found  iu  human  lesions  for  the  most  part  suppurative  and 
necrotic  in  character  aud  these.  In  some  Ciise«,  have  been  conclusively 
shown  to  be  the  excitants  of  the  pathological  processes,  but  the  scope  of 
this  work  does  not  permit  further  details." 

Among  the  other  bacteria  which  commonly  induce  lociU  suppuration, 
with  or  withont  toxeemia  and  septiciemia,  some  are  of  frequent  occur- 
rence as  excitants  of  such  well-marked  and  more  or  less  characteristic 
forms  of  disease  as  have  long  been  recognized  clinically  and  have  re- 
ceived special  names,  such  as  pneumonia,  goiiorrlicea,  cerebrospinal  men- 
ingitis, etc.  These  will  be  in  part  considered  In  the  section  dealing  with 
the  organs  in  which  their  more  characteristic  lesions  are  manifested. 


AOirrE  LOBAB  PNEVUOKIA  AND  OTHER  INFECTIOTTS  DIBEASEB 
INDUCED  BT  THE  MICBOCOCCms  I^NCEOLATUB  (Diplococcua 
Pneumonue). 

Micrococcus  lanceolatus  is  frequently  spoken  of  as  the  *'  pneumococciLs 
of  Friinkel,"  because  its  significance  and  life  hi,story  in  coiniection  with 

1  Kruse's  article  on  "The  Bacilli"  in  Flugge't  "Mikroorga- 
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acute  lobar  pneiinioiiiii  -nere  first  demonstrated  by  liim. '     It  is  commouly 
called  simply  the  "pueumococcus." 

Ohar&cters  of  tiie  Hicrococciu  Lauceolatus. 

During  tlieir  (kvelopmcnt  these  germs  are  distinctly  splicroiilal;  but  in  tbeir  ma- 
ture condition  tliey  are  apt  to  become  sligiilly  clongate<l  or  oval  ami  are  often  &  lilile 
broader  at  one  eoJ  tlian  at  tlia  oilier,  assuming  a  lanceolate  form.  Tlicy  are  very  apt 
to  occur  iu  pairs,  and  frequently  are  seen  in  sliort  cbains,  rarely  in  long  cliains.  Very 
frequently,  wlien  growing  in  the  living  animals,  the  pneumococcus  is  surrounded  by 
a  distinct,  homogeneous  capsule  of  varying  thickness  (see  P'ig.  100).  This  capsule  docs 
not,  as  a  rule,  develop  in  artificial  cultures.     The  coccus  itself  is  readily  stained  by  ttie 


Fin.  100.~MiCROCOCcrs  Lanceoi.atvs  (Fneumoroccus).   Sbowlog  capsule*. 

anilin  dyes  and  retains  tbc  stain  by  Gram's  metliod ;  tliu  capsule  is  not  easily  demon- 
strated except  by  special  staining  nicthoils. 

The  pneumococcus  lias  no  spontaneous  movement  and  grows  but  feebly  at  ordinary 
room  tciniicraturc.  It  grows  much  better  at  blood  heat,  forming  on  Ihcsiirfaccof  blood- 
serum  or  on  very  slightly  alkaline  glyeerin-agar  plates  faint  grayisli,  dewdrop-iike. 
Inconspicuous  colonies,  sotncwhat  similar  to  those  of  Strep topociuis  pyogenes,  but  usu- 
ally more  delicate.  In  beef  tea  it  forms  at  body  lejnperature  a  faiul  whitish  sediment 
with  slight  turbidlly  of  the  fluid.  As  a  rule,  the  cultures  arc  prone  to  lose  rood  their 
virulence  and  to  die  off  early,  but  the  virulence  may  be  maintained  by  successive  inocu- 
lations In  the  rabbit.  The  organism  may  remain  alive  for  a  long  time  dried  in  the  spu- 
tum, in  one  set  of  experiments  for  more  than  seventy  days. 

Tile  serum  of  persons  suffering  from  acute  lobar  pneumonia,  as  well  as  Ihe  serum  of 
lower  animals  nrliliclally  immunized  to  Ihe  Micrococcus  laneeolatus,  induces  agglutina- 
tion of  tbc  organism  iu  broth  cultures.    Wudsworih  has  recently  shown  that  by  the 

■  It  Wll 
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use  of  ccDtrifugeted  cultures  of  tlie  organism,  tlie  rraction  of  agglutinatioD  can  be  ob- 
tained in  niunh  greater  dilution  tlian  by  the  usual  method.' 

Cultures  wbicli  have  been  reduced  iu  virulence,  so  as  not  to  cauac  eni  ly  dealli  by 
septicffiuiia.  raay,  when  iutrodueed  into  the  trachea  of  mbhits,  iuduce  tircuniBcribed 
pneumonic  lesious,  esi)ccinlly  it  these  nniinaia  are  inodo  vulnerable  by  told  or  by  other 
ageucies  which  impair  the  integrity  of  the  blood  or  other  tiasues.  Wadsworth  lias 
shown  that  by  partially  immunizing  rabbits  to  the  pncumocoecus.  so  Niat  they  do  not 
speedily  die  from  BcptJcsmla,  and  then  introducing  tlie  virulent  organism  into  the  lungs 
through  the  trachea,  diffuse  pneuroonic  lesions  comparable  t^i  the  lobar  pneumonias  of 
man  may  be  induced.'     Different  animal  species  vary  iu  vulnerability  to  the  pneu- 


Tliis  gemi  is  the  exclusive  inciter  of  typical  a^-ute  lobar  puetimoDta  iu 
man.  It  appears  to  act,  iu  part  at  least,  by  tlie  development  of  au  albii- 
miuous  poisou  which  lias  been  tentatively  called  pnetimotoxin.'  It  would 
seem  to  be  the  puenmotoxiii  which  induces  the  symptoms  in  acute  lobar 
ptieuinouia  indicative  of  systemic  poisoning. 

For  a  more  detailed  description  of  these  lesions  of  pneumonia,  and  an 
account  of  other  bacteria  which  may  be  present,  see  p.  489. 

In  addition  to  its  more  common  effect  iu  inducing  lobar  pneumonia, 
the  pneomococcus  is  frequently  the  excitant  of  exudative  inllammatiOD  in 
other  parts  of  the  body,  either  iu  counection  with  or  without  a  primary 
lobar  pneumonia.  Thus  it  has  been  repeatedly  found  in  pleuritis,  otitis, 
meningitis,  empyema,  pericarditis,  endocarditis,  and  in  peritonitis.  It 
has  also  been  found  iu  abscesses  of  the  viscera  and  in  exudative  inflam- 
mation of  the  joints.  It  may  induce  pseudomenibranons  inflamniatioa 
of  the  mucous  membranes.'  Leucocytosis  usually  accompanies  infection 
with  the  pneumocoecus. 

It  is  a  frequent  inhabitant  of  the  mouth,  even  in  health.  It  has 
l>een  found  in  the  mouths  of  about  twenty  per  cent  of  healthy  persons 
examined.  It  Is  throwu  off  in  the  sputum  in  lobar  pneimionia,  and  no 
doubt  from  these  soui'ces  in  the  dried  condition,  as  dust,  furnishes  the 
infectious  agent  which  in  favoring  conditions  of  the  body  lights  up  the 
inflammatory  process  iu  the  lungs." 

For  staining  the  pneumocoecus  with  ila  capsule  the  following  method  of  Hiss*  gives 
the  best  results.  Mix  the  exudate  or  culture  containing  the  organism  on  the  cover- 
glass  with  a  drop  of  blood-scrum  spread  thin,  dry  and  An  by  heat.  Add  a  few  drops 
of  the  following  stain ;  Five  or  len  per  cent  solution  of  gentian  violet  (.5  c-c.  saturated 
alcoholic  solution  of  gentian  violet,  plus95c.c.  distilled  water).  Heat  gently  until  steam 

'  For  details  of  this  methoil  sec  WndmrorCli.  Journal  of  Medical  Research,  vol,  x..  p. 
228. 

'  Sec  references  to  experimental  pneumonia,  p.  500. 

•  The  observalious  of  the  Klempercrs  and  others  suggest  the  possibility  that  at  a 
certain  period  of  the  disease  the  blood  or  body  juices  are  capable  of  developing  a  sub- 
stance antidotal  to  this  pneumotoxin,  tlie  potency  of  the  former  being  signuliziiil  by  the 
so-called  "crisis."  Satisfactory  applications  of  this  alleged  "pneumonia  antitoxin"  in 
therapeutics  have  not  yet  been  made. 

*8ee  Carey  and  Lyon,  Trans.  Assn.  Amer,  Phys.,  vol.  svi.,  p.  879,  Bibl. 

'  OtUAe/tghi.  Ceotram.  t.  Bakteriologie,  Ablh.  I„  Bd.  xxv.,  p.  120,1899,  ForaEull 
r^um^  of  the  studies  on  the  Diplococcus  pueumonite  sec  Vt'eieli*db<ium.  in  Kolle  and 
Wassermann's  "Handbuch  der  Mikroorganlsmen."  Bd.  ii.,  p.  189. 

•  See  llisg,  preUminary  communication,  gcience,  March  7Ui,  1902,  p.  367. 
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rise^     Wasb  off  the  atala  witli  a  tweoty-pcr-cent  solution  of  cupric  sulpliate.     Dry  and 
mount  la  balsam. 

If  tbc  material  coDtaioiug  tlic  orgariisnis  already  contain  serum,  tlie  preliminary 
mixing  witli  this  is  unnecessary.  Pneumococci  in  apulum  wbich  witliout  the  addition 
ot  scnini  are  often  Btaine<l,  with  it  not  infrequently  ^ive  better  results. 

The  method  of  Welch  '  gives  good  results,  but  annoyiiig  precipitates  often  form. 
After  drying  and  ilxiug  the  specimen  upon  the  cover-glass  in  the  usual  way,  i I  is  treated 
witli  glacia!  acetic  acid,  wbicli  is  at  once  drained  ofl  and  replaced  by  an ilin -gentian- 
violet  solution  <p.  153),  tills  being  drained  off  and  renewed  several  times  until  the  acclic 
acid  is  displaced.  The  specimen  is  now  washed  with  a  two-per-cent  solution  of  sodium 
cblorid,  in  which  it  may  be  covered  and  studied,  Tiie  pneunioooecus  may  be  stained 
in  sections  by  Weigeit's  modiHcatii)n  ot  Gram's  nietliod  with  preliminary  contrast  stain 
(see  p.  154).     By  this  method  the  flbrin  in  pneumonic  exudate  is  also  st*iined. 

aONOBIlH<EA  AND  OTHER  INFLAMHATOBT  LESIONS  INDUCXD  BT 
THE  KICBOOOOCnS  OONOBBHCES  (OONOCOCCTTS). 

The  Micrococcus  gonorrhcea:  (goiiococciis)  is  most  couiiuoiily  found  in 
the  exudate  of  gonorrliceal  iudiiiumatiou  of  the  mucoas  membraues,  es- 
pecially of  the  urethi-a.  It  may  be  free  or  enclosed  iu  leucocj-tes  or 
other  cells  (Fig,  101),  within  or  between  the  epithelial  cells.  The  oi^n- 
ism  may  be  distributed  from  the  seat  of  primary  lesion,  giving  rise  to 
goiiorrhceal  arthritis,  to  malignant  eiidocarditiB,  to  exudative  inflamma- 
tiou  of  the  pleura,  and  to  inflammatory  processes  in  other  parts  of  the 
body.' 

The  gonococcus  may  in  the  primary  as  well  as  in  the  secondary  lesions 
be  associated  with  the  "pyogenic  cocci,"  the  colon  bacilli,  or  other  micro- 
organisms.    These  associations  have  been  observed  in  cases  of  pyiemia 
following  gonococcal  infection.     The  gouoeoccus  is  usually  most  abun- 
dant iu  the  urethra  during  the  a«ute  stage  of  the  inflammation.     But 
long  after  the  organisms  have  disap- 
peared  from   the   urethral  discbarge 
they  may  be  present  iu  small  num- 
bers in  the  deeper  portions  of  the  ure- 
thra  or    in  the    prostatic  secretions 
whpnee  under  favoring  conditions  a 
fresh   infection  may   arise.      In    the 
female  the  inflammation,  through  the 
transportation  of  the  gonoeocci,  may 
.-,.-,  ,  ,_        extend  to  the  vagina  and  uterus  and 

1    ,    \^.  '*  V'-'  into  the  Fallopian  tubes.     The  gemis 

"'•    '  '  ^-i"--  nij^y  enter  the  j»eritoneum,  inducing 

F,o.  101  -MieRococct-s  GONOBRHCE.*  ,.v  crx^.     e.vudative  inflanunatiou.    Hyperplasia 
— spKiiJiE.N  i-ROM  TiiK  URKTiicii,  aiid  suppuratiou  of  lymph  nodes  near 

the  inflammatorj-  region  may  occur. 
Gonorrha'al  conjunct ivilis  is  similar  in  origin  and  character  to  the  in- 
flammation of  the  urethra. 

'  Welch.  Johns  Hopkins  Hospital  Bulletin,  vol.  lii,.  p.  188,  1893. 

'Cousult.  for  cases  and  biblii)gniphy.  Young.  "Welch  Anniversary  Contributions 
to  the  Science  of  Medicine,"  p.  677,  IBOO;  also.  Kiting,  Albany  Aledical  Annals,  March, 
1900.  BiUI, 
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Char&ctara  of  th«  Oonococcvw. 

The  gtmococcus  is  apt  to  occur  En  pairs,  the  apposed  sides  beiog  more  or  less  dis- 
liiirtly  flutt«Ded  (Fig.  103).  It  srnliis  readily  witli  the  aniliu  dyes,  and  differs  from  mosi 
known  cocci  which  might  be  mistaken  for  it  iu  that  it  is  dccolori/.ed  by  the  lodin  solu- 
tion iD  the  Oram  nietiiod  of  staiuing.  It  is  well  after  the  decoloriKation  by  this 
metliod,  and  before  mounting  in  balsam,  to  make  a  ciintrast  stain  wilh  a  dilute  aqueous 
solution  of  Bismarck  brown.  Then  tiie  gonococci  will  be  of  light-brown  color,  while 
niost  other  germs  will  retain  the  violet  eolor. 

The  goDococcus  does  not  grow  at  ordinary  room  lemperalures  nor  on  tlic  ordinary 
solid  or  fluid  culture  media.     Il  may,  however,  be  cultivated  at  the  temperature  of  the 
body  on  human  blood  scrum  or  on  a  combination  of  this  with  agar.    Heiman  has  found 
that  it  grows  readily  on  the  clear  exudate  or  transudate 
from  the  pleural  eaviiles  In  man  when  this  is  mixed  #ft  *  *  *  *% 

with  peptonized  agar.'  S*«»  \^^%S 

In  this  "cheMt-scmm  agar"  the  surface  growth  of  *  '•"■I'l^* 

tbe  gonococcus  is  in  the  form  of  small  circular,  sharp-  t '  »^%  *  f^ 

edged,    slightly    raised,    nearly    transparent    colonies.  *  ••  •* 

coarsely  mottled  in  the  central  portion,  finely  granular 

toward  the  borders.  The  life  of  the  colonies  under  arti-  no.  Hi*.-Mtcrococcc3  Gonor- 
fleial  culture  is  short,  but  by  frequent  transference  to  ru<ej;  (uoNoeee*  i  si. 

fresh  media  it  may  be  maintained  indefinitely  and  grad-  ftumeuJiure. 

ually  adapts  itself  to  the  artificial   environment.     It  is 

probable  that  llie  organism  has  no  natural  habitat  outside  the  bodies  c)f  human  beings. 
The  lower  animals  are  not,  as  a  rule,  susceptible  to  inoculations  of  Che  mucous  mem- 
branes with  the  gonococcus,  but  suppurative  inflammation  has  been  induced  in  mice 
and  guinea-pigs  by  intraperitoneal  injections. 

Inoculations  of  pure  ctiltiires  of  the  gonococcus  upon  the  urethral 
mucous  membranes  of  man  have  t>ecu  repeatedly  made  and  were  fol- 
lowed by  a  characteristic  catarrhal  intlammatiou.  Thus  the  cvidiauee  is 
complete  that  the  gonococcus  is  an  excitant  of  the  inflamiuatiou  with 
which  it  is  so  constantly  associated.  But  in  what  measure  this  gei-m,  in 
what  measure  others  are  responsible  for  the  complicating  iudamiuatious 
when  both  germs  occur  together,  is  yet  to  be  determined. 

Inasmuch  as  one  or  more  forms  of  cocci  and  diplococci  occurring  in 
the  normal  and  in  the  inflamed  urethra  are  morphologically  similar  to 
the  gonococcus,  great  caution  should  be  exercised  in  donbtful  cmfes  iu 
deciding  upon  the  nature  of  suspicious  micro-orgjinisms  in  urethral  dis- 
charges or  other  exudates.  But  the  pronounced  tendency  of  the  gono- 
coccus to  gather  within  cells;  the  sometimes  conspicuous  but  ofteu  ill- 
defined  flattening  of  the  apposed  sides  of  the  gonococci ;  the  decolorization 
by  Gram's  method,  which  leaves  most  other  germs  apt  to  be  a-ssociated 
with  the  gonococcus  still  stained,  and  whenever  practicable  the  artificial 
culture  characters — these  all  should  be  considered  iu  the  summary  of 
evidence. ' 

'  Beiman.  Medical  Record,  June  22(1.  1895,  bibl. 

>  Von  Uibier,  Centralbl.  t.  Bakteriologie.  etc.,  Bd.  xix..  p.  120.  1898.  For  sum- 
mary of  studies  on  the  gonococcus  with  bibliography  consult  A'dtitr  and  W.  Sclioltz  in 
Kolle  and  Wa8gennann's''Han(Ibuch  der  Mikroorguuismeu,'' Bil.  ii..  p.  148. 

A  comprehensive  bibliography  may  be  found  in  un  article  by  Elting,  Albany 
Medical  Annals.  March.  1900. 
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ACUTE  CESBBBO-SPXHAL  lIEinirOITI& 

This  is  aa  acute  infectious  disease  of  which  the  characteristic  lesioo 
is  an  exudative  iuflainmatiou  of  the  pia  mater  of  the  braiu  aud  cord. 

As  a  rule  the  iiifiammation  of  the  pia  mater  results  in  a  large  pro- 
duction of  serum,  fibrin,  aud  pus,  which  iiifiltrate  the  pia  mater  aud  ac- 
cumulate in  the  ventricles,  so  that  the  gross  appearance  of  the  braiu  is 
characteristic.  The  exudation  is  especially  abundant  at  the  l)ase  of  the 
brain  aud  over  the  posterior  surfaces  of  the  cord.  Iii  children  the  dis- 
tention of  the  lateral  ventricles  with  purulent  serum  may  be  a  marl^ed 
feature,  while  in  adtilts  the  quantity  of  serum  is  apt  to  be  small. ' 

While  the  above  are  the  characteristic  lesions  of  this  disease,  there 
are  a  number  of  secondary  or  associated  septica^mic  or  toxiemic  lesious 
in  diflfereut  parts  of  the  body.  There  may  be  subserous  punctate  haem- 
orrhages in  the  endocardium ;  peteehise  in  the  skin ;  hyalin  and  graimlar 
degeneration  in  the  voluntary-  striated  muscle ;  occasional  multiple  ab- 
scesses in  various  parts  of  the  body;  suppurative  inflammation  of  the 
joints;  albuminous  degeneration  of  the  heart,  liver,  and  kidnej^s;  and 
hyperplasia  of  the  gastro-intestiual  lymphatic  apparatus  aud  of  the 
spleen. 

Cerebro -spinal  meniuf^itis  may  occur  by  itself  or  in  connection  with 
some  other  acute  infectious  disease,  such  as  acute  lobar  pneumonia, 
mycotic  ulcerative  endocarditis,  pyiemia,  multiple  suppurative  arthritis, 
otitis  media,  puerperal  fever,  typhoid  fever,  etc. 

It  may  be  epidemie,  the  lesious,  howeier,  being  essentially  similar  to 
those  iu  the  sporadic  form. 

Bacterial  Excltsnts. — In  sporadic  cerebro-gpival  meningUh  the  strepto- 
coccus aud  staphylococcus  pyogenes,  micrococcus  lanceolatus,'  the  in- 
fluenza bacillus,  the  typhoid  bacillus,  and  the  gonococcus  tiave  been 
repeatedly  found  iu  the  exudate.     Other  bacteria  have  been  descrit>ed. 

In  epidemic  cer^ro- spinal  meningitis,  a  micro-organism  has  been  re- 
peatedly found,  called  by  AVeichselbaum  the  IHplococcm  intraceVnlarU 
metiingilidis,  which  is  clearly  one  of  the  chief  if  not  the  sole  inciting  factor 
iu  the  disease.  It  is  found  iu  the  purulent  exudate  of  the  meninges  in 
large  numbers,  and  is  usually  within  the  leucocytes  or  pus  cells. ' 

Oharactere  of  Biplococcus  Intracellularis  Henicgitidia. 

It  is  »n  ovol  (lipU)c'>ccus  iiui  staining  by  Grain's  metUod.  Its  growth  oq  ariificial 
mcdlH  ia  meagre,  II  forms  small  transparent  colonies  im  glycerin-agar  at  3T'  C.  which 
soon  die  out  witliout  frc^ticnt  transplanting  to  fresh  media,  ll  does  not  grow  at  room 
temperature.  Animal  experiments  are  ou  tbc  wliolu  confirmatory  of  the  ttclief  in  its 
pathogenic  activity. 

'  For  further  details  of  the  lesions  In  exudative  meninigitis  see  Nervous  SyaUjm. 

•  For  bibliography  of  pneuniocoecus  meningitis  sec  article  by  Weidi^iibaum  in  Eolle 
and  Wassermaun'a  ''Handbuch  der  Mikroorganismen,"  BrI.  li.,  p.  256, 

'  For  a  study  of  occurrence  of  D,  intracellularis  meniDgitidia  in  the  nose  see  LokI, 
Centralbl.  f.  Bakteriologie,  Abtli.  I„  Ikl.  xxiv,.  1903,  p,  641. 
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This  organism  closely  resembles  the  Ronococcua  in  morphology  and 
considerably  eo  in  culture,  and  they  are  evidently  closely  related.' 


aLAKDEBS. 

Glanders  is  an  infectious  disease  incited  by  the  presence  and  growth 
in  the  body  of  the  Bacilhts  maUei. 

It  is  most  common  in  the  horse,  aflfecting  the  mucous  membrane  of 
the  nose  (when  involving  the  skin  the  disease  has  been  called /arcy),  and 
can  be  commnuieated  to  man  and  to  certain  other  of  the  domestic  ani- 
mals by  direct  or  accidental  inoculations. 

The  disease  in  man  is  most  frequent  in  those  who  come  much  into 
direct  contact  with  horses.  The  seat  of  primary  local  infection  is  most 
often  the  skin,  more  rarely  the  mucous  membranes  about  the  nose  and 
mouth. 

The  local  lesions  are  similar  iu  man  aud  the  lower  animals.  In  the 
presence  of  the  Bacillus  mallei  there  is  usnatly  a  circumscribed  or  more 
rarely  a  diffuse  infiltration  of  the  tissue  with  leucocjies  and  young  con- 
nective-tissue cells.  These  whitish  foci  of  cell  accumulation  may  be 
small  aud  to  the  naked  eye  resemble  miliary  tubercles;  or,  they  may  be 
larger  and  uodular.  The  tissues  about  them  may  be  infiltrated  with 
blood.  But  the  accumulated  cells  are  apt  in  the  presence  of  the  bacilli 
to  become  necrotic  and  disintegrate  and  thus  lead  to  smaller  and  larger 
abscesses,  or,  if  near  the  surfaces,  to  ulcers.  If  they  occur  on  mucous 
membranes  these  lesions  are  often  accompanied  by  intense  diffuse  catar- 
rhal inflammation. 

As  the  glanders  nodnles  soften,  the  bacilli  are  apt  to  diminish  iu 
number  or  in  the  capacity  to  stain,  so  that  it  may  be  possible  to  detect 
their  presence  only  by  inoculation  or  culture  methods. 

The  disease  may  begin  at  a  single  point,  so  that  it  may  be  mistaken 
for  a  carbuncle  or  gangrenous  erysipeliis.  But  the  infection  is  apt  not 
to  remain  local;  the  bacilli,  finding  their  way  along  the  lymph  channels 
into  various  parts  of  the  body,  set  up  fresh  foci  of  iufiammation  and 
necrosis.  Then  the  skin  may  be  covered  with  a  pustular  eruption; 
furuncles,  carbuucles,  aud  abscesses  may  form  beucalh  the  skin  aud  iu 
the  muscles.  Nodnles  arc  found  in  the  na^sal  mucous  membrane,  the 
lungs,  kidneys,  testes,  spleen,  and  liver.  The  joints  may  be  inflamed, 
and  there  may  be  osteomyelitis:  Lcucocytosis  may  accompany  infection 
with  the  B.  mallei. 

The  glanders  infection  may,  however,  pursue  a  more  chronic  couitsc, 
with  hard,  persistent  uodnles  and  sluggish  ulcerK.  Under  these  condi- 
tions the  detection  of  the  bacillus  in  the  tissue  by  a  simple  morphologi- 
cal examination  may  be  difticult. 

'  For  a  study  of  cases,  with  bibliography,  consult  FUxner  and  Barker,  American 
Journal  of  tlie  Medical  Sciences,  vol.  cvii.,  pp.  155  and  259,  1894;  also  (^ouneiliiKiii, 
MaUory.  ami  Wright,  "Special  Keport  of  the  Swte  Board  of  Hualth  of  Slassacliusctts," 
1898.  For  agglutinative  reaction  see  Jaeger,  Zeitech.  f.  Hygiene  u.  Infkr.,  ISd.  xliv., 
1903,  p.  3.i5. 
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While  some  forms  of  glanders  nodales  somewhat  resemble  in  gross 
and  microscopic  appearance  certain  forms  of  miliary  tubercles,  the  ab- 
sence in  the  former  of  coagulation  Decrosis  and  of  giant  cells,  and  the 
tendency  to  rapid  disintegration  and  softening  in  the  latter  will  usnally 
suffice  for  the  distinetion  between  the  two  seta  of  lesions.  But  the 
demonstration  of  the  bacilli  characteristic  of  each  is  in  all  cases  decisive. 

OhftTftctera  of  the  BaciUus  Hallei. 
The  Bacillus  mallei  is  a  slender  bacillus  proportiooately  thicker  than  the  tubercle 
bafiilliis,  with  rounded  cuds,  ocRurriog  singly  or  in  pairs  {Fig.  103).    It  stains  ea^ly 
with  the  AuiliD  dyes,  but  readily  gives  (ip  the  color  in  presence  of  even  feeble  decoloriz- 
ing agi-nts  such  as  dilute  alcohol  or  aclda.    It  is  left  decolorized  by 
Oram 'a  method.     When  stained,  uucolored  areas  are  apt  to  rvmaiD 
in  the  body  of  the  germ.     Whether  these  are  spores  or  not  is  not 
yet  definitely  determined. 

In  the  tissues  the  buciili  may  be  stained  with  LOffler's  atk&line 
methylene  blue. 

FIG.  lie.— Bic [LLCS  The  glanders  bacillus  grows  readily  on  almost  all  of  the  ordi- 

MiLLii.  nary  artiflcial  culture  media,  and  best  at  blood  beat.     The  growths 

on  solid  media  are  apt  to  be  viscid.  On  potatoes  it  forms  iu  tno 
or  three  days  an  abuudant  j'ellowisU  pellicle  which  in  a  few  days  darkens  and  finally 
becomes  brown  in  color.  It  gradually  loses  Its  virulence  in  8ucces.<^ve  gcDeraticms  of 
artificial  cultures.  Tile  germ  is  easily  killed  by  moist  heat,  but  may  remain  alive  iu 
a  drie<l  stale  for  niontlis.  Field  mire  and  guinea-pigs  are  very  susceptible  to  infection 
with  the  Ilacillus  mallei,  and  after  inoculation  develop  highly  characteristic  local  and 
general  lesions. 

Ill  cases  in  which  an  early  diagnosis  is  imperative  it  is  well,  in  addition  lo  the  mor- 
phological examination  and  cultures  of  the  suspected  exudate,  lo  inject  a  small  amount 
into  llie  peritoneal  eaviiy  of  a  male  guinea-pig.  If  the  virulent  glanders  bacilli  be 
present,  within  two  or  three  days  the  testicles  will  swell  and  develop  an  intense  sup 
punitive  [nfiammation. 

As  the  glanders  liacillus  grows  In  nutrient  broth  a  prot«i<l  sul'slancc — or  substance 
— develops,  wliicli  when  concentrated  by  evaporalion  of  the  broth  is  called  mnltrin. 
This  substance  prepared  and  administered  to  horses  suffering  from  glanders,  as  tubei- 
culin  is  prepared  and  administered  to  tuberculous  cattle  (see  page  S25),  gives  a  similar 
temperature  ivactiou,  and  is  thus  an  important  diagnostic  agcni. ' 

Other  Bacilli  Balat«d  to  BocUlus  HaUei. 

Several  bacilli,  apparently  related  to  the  B.  mallei,  liave  been  found  in  various 
lesions  in  men  and  lower  auimals.  Tbusau  organism  called  Bnrilliiit  jmeiidotaliemilotu 
lias  been  found  in  certain  nodular  lesions  somewhat  resembling  tubercles  which  are 
especially  frequent  in  rodents.  B.  pseudotiibtmilimit  liqiiefaeieiia  lias  been  described  in 
a  scries  of  cheesy  nodules  of  the  peritoneum,  pancreas,  and  liver  In  man.  In  this  group 
also  beloug  orguniscus  wliicli  have  been  found  in*uoma. 

OhanCTOid. 

In  Ihc  lesion  of  "fft  clinnere"  (chancroid)  and  tlie  discharge  from  it  a  small  oval 
bacillus  ("Ducrcy'a  bacillus")  has  been  frequently  found  either  clustered  or  in  chains. 
It  stains  .eiulily  with  methylene  blue,  although  it  easily  loses  the  color.  It  usually 
<H:curs  with  other  niicro-orgauisnis,  and  has  been  found,  though  not  usually,  in  the 
buboi-s,  often  occurring  with  the  sore.     It  has  been  obtained  in  pure  culture,  in  rabbit 

I  For  a  res 
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blood  agar  and  Id  human  blood,  and  inoculation  experimeots  in  man  and  in  monkeys 
indicfiCe  its  patttogenicit]'.* 

ANTHRAX.    (Bpleuie  Tftver;  KtOignant  Foctule;   Charbon;  OorboDCle.) 

This  disease,  which  is  ninch  more  commOD  iu  the  lower  auimals, 
especially  the  herbivora,  than  in  man,  is  widely  prevalent  iu  Europe. 
It  is  comparatively  rare  in  the  United  States,  but  iu  certain  regions  is 
more  common  than  formerly. 

It  is  induced  in  man  by  accidental  inoculation  with  the  Bacillus  an- 
thracis,  which  also  incites  the  disease  in  the  lower  animals.     Inoculation 


;— 11*1.1  ONA NT  PlBTCLE— O?  THE  Slt1."l, 

nwn  a  msn  wbo  bad  been  baDdllnR  fareim  b[de>  In  New  York.    Bacilli  stained. 

may  occur  through  the  skin  by  the  i^ency  of  flies  and  other  insects 
which  have  l>een  feeding  on  animals  infected  with  this  disease,  through 
abrasions  or  slight  wounds  on  the  hands  of  those  handling  their  carcasses 
or  hides,  or  in  other  ways.  Following  this  skin  inoculation  a  pustule  is 
apt  to  develop — "malignant  pustule" — and  varying  pha.ses  of  an  acute 
exudative  inflammation,  which  may  be  hiemorrhagic,  sero- fibrinous, 
purulent,  or  necrotic,  accompany  the  local  proliferation  of  the  germs 
(Fig.  104).  Anthrax  bacilli  iu  large  numbei-s  may  be  present  iu  the  local 
lesion.  From  this  local  source  a  general  infection  may  ensue.  General 
infection  may  occur  without  evident  external  lesion. 

Infection  with  anthrax  may  occur  through  the  lungs,  most  ofteu 
among  those  who  handle  infected  wool  or  hides,  the  dust  from  which  is 
inhaled  ("wool-sorter's  disease").  Under  these  conditions  there  may 
be  tedema,  lobular  pneumonia  with  involvement  of  the  pleura,  media- 
stinum, and  other  adjacent  structures.  Infection  through  the  giistro- 
intestiual  canal  takes  place  by  the  ingestion  of  food  containing  anthrax 
spores,  and  is  apt  to  be  accompanied  with  inflammatoiy  and  necrotic 
changes,  which  are  described  in  detail  among  lesions  of  the  intestine. 

When  general  anthrax  infection  occurs  the  post-mortem  appearances 
vary,  I>ecom  posit  ion,  as  in  other  acute  infections,  generally  sets  iu  early. 
The  blood  is  frequently  not  much  coagulated  and  dark  in  color.  Ilajm- 
orrhages  and  ecchymoses  are  frequently  found  in  the  Herons  and  mucous 
membranes  and  iu  various  other  parts  of  the  body, 

'  Sec  I*ac('», 'Journal  of  Mediciil  Hi'scarcli,  vol.  ix.,  1003,  p.  JOl,  bibl. 

Google 


THE    ISFECTIOIS   DISEASES, 


Tlie  lungs  may  diow  Bmall  htemorrliages  and  cedenia,  and  the  bronchi 
may  be  deeply  congested.  The  pleural  cavities  may  contain  serum. 
The  iutestines  may  exhibit  the  lesions  of  the  so-called  intestinal  mycoiU. 


k  HOL'SE  I!!OCr- 


The  bronchial  and  other  lymph-nodes  may  be  swollen.     The  spleen  may 
be  swollen,  \ery  dark  in  color,  and  soft,  sometimes  almost  difilueut. 

The  bjicillus  may  l)e  found,  usually  in  large  numbers,  in  the  spleen 
and  in  the  capillary  blood-vessels,  especially  in  the  liver  (sec  Fig,  105), 
lungs,  kidneys,  and  intestine. ' 

Characters  of  the  Bacillus  Ajithracia. 

Tlic  Bucillus  auUiracis  in  fiotii  5  to  20  ;<  long  and  uIhxiI  1  u  broad,  cnpsulated.  and 
is  ofU'U  iinevL'ii  along  tlic  sides,  Tlic  ends  of  the  bacilli  are  square  or  slightly  cod- 
cave,  uod  Ibe  bacilli  often  liaug  togctiier  cad  to  end,  forniing  llirca<l-like  structures 
<Fig.  100).  Wliile  the  Imtilli  iu  the  vegotativu  condition  are  easily  Itillcd,  tlicy  de- 
ri'lop  spores  out»de  uf  the  liody  only,  aud  tliesc  are  very  invulnerable  t 


tlie  urdiiiary  germicidul  ngcuts  and  to  heat,  reslNting  often 
fniM)  two  to  livc-per-cout  carbolic  acid  and  tlcfying  for 
some  niiQutes  tlic  action  ot  live  stiuin.  Antlirax  lAcilli 
nru  imniobiie.  sonielimcs  cnpsuliitcd,  and  nrc  easily 
slaincd  by  llie  antljn  dyes.  Tliey  jtrow  niidiiy  on  nrii- 
tlcial  culture  media  Dt  ordinary  mom  temperatures,  tluiil- 
ifyiug  gelatiu  and  usually  growing  out.  before  tlicy  (in 
so.  in  a  uetwork  of  dclicule  fllaniotits  into  tlic  solid  mc- 

Subcutaneous  inoculatioD  of  cultures  ot  the  anlbra\ 
bacillus  Into  I'arious  sjH'cies  ot  animals  induct.'S  charac- 
teristic li'sliins.  White  mice  and  guinea-pigs  are  espe- 
cially Buscc|)liblo,  usually  succmnbing  to  tliu  anthrax 
scpticwmia  iu  from  two  lo  four  days.  Serous  exuda- 
tions, often  bl'Hxly  nn<l  with  many  bacilli,  develop  at  tbe  se 
blood  niultitudi's  of  the  bikcilli  arc  found. 


for  many  days  the  action  of 


Ag 
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tof  inoculatloa,  while  in  ihe 
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If  cultures  of  Ibo  aDthr&x  bacillus  bo  madu  at  a  temperature  of  abnul  42"  C. 
growlh  occurs,  but  it  Is  meagre.  Spores  are  not  fonncd  as  they  ai-e  at  boily  tem- 
pi-rature.  anil  the  virulence  of  tlie  germ  diminisbes  day  by  day.  so  tlial  at  last  tlie 
nn)st  suRCfptibte  auimals  arc  uot  allected  by  large  inoculations  ot  the  living  organ- 
isnia.  If  fresli  cultures  ot  tbese  organisms  bo  mailc  in  various  stages  of  llicir 
diminishing  virulence  and  maintained  at  their  optimum  temperature,  spores  will 
again  (omi.  the  groivtii  will  herome  vigorous,  au(l  in  morphology  quite  character- 
istic; but  the  physiological  qualities  which  determine  virulence  will  remain  more 
or  less  In  abeyance. 

By  inoculation  of  animals  with  anthrax  cultures,  beginning  with  those  which  bad 
been  maintained  at  42'  C.  for  from  fifteen  to  twenty  days,  aod  thus  possessed  but  feeble 
virulence,  and  passing  to  those  cultivated  at  43'  C.  for  a  shorter  time  and  which  ^\'crc 
therefore  more  virulent,  Pasteur  was  able  to  secure  immunity  from  autbrax  in  a  series 
of  the  lower  animals  (sec  page  174).  Base<l  upon  these  exporiments  a  methoil  of  pro- 
t>'etive  inoculation  has  been  prnctlseil  on  a  targe  scale  among  sheep  and  other  animals 
in  some  parts  of  Europe  which  has  been  of  great  economic  value.  According  to  some 
authorities  the  death  rate  from  anthrax  has  under  these  preventive  inoculations  been 
reduced  in  sheep  from  ten  per  cent  to  al»ui  nine-tenths  of  one  per  cent,  and  in  cattle 
from  five  per  cent  to  less  than  four-tenths  of  one  per  cent. 

AonNomrcKwis. 

This  disease,  which  is  of  occasional  occurrence  in  man,  but  is  more 
coramon  in  the  domestic  aiiimals,  especially  in  cattle  and  in  horses,  is 
most  frequently  characterized  by  a  slow  suppurati\e  and  proliferative 
process,  often  leading  to  the  formation  of  lai^  fungous  ma&ses  which 
may  become  calcareous. 

In  cattle  the  new-formed  tissue,  which  develops  with  esv>ecial  fre- 
quency in  the  jaw,  is  apt  to  extend  beyond  the  original  site  and  to 
slough,  so  that  not  only  may  the  tissues  of  the  tongue,  phari-nx,  larynx, 
etc.,  be  involved,  but  secondary  nodules  of  similar  character  may  form 
in  the  lungs,  gastro- intestinal  tract,  and  skin. 

In  man  suppuration  with  necrasia  and  the  formation  of  alvscesses, 
ulcers,  and  fistulie,  are  the  most  marked  lesions  in  parts  near  the  surface 
of  the  body.  In  the  latiffs  the  lesions  may  be  essentially  those  of  an 
acute  general  bronchitis  or  in  the  form  of  broncho-pneumonia  (Fig. 
107),  with  the  formation  of  new  tissue.' 

Abscesses  and  cavities  may  form  which  extend  into  adjacent  parta 
In  intestinal  actinomycosis  nodular  masses  of  new  tissue  with  ulceration 
may  develop  in  the  mucosa  and  submucosa.  MetastaseK  have  been  de- 
scribed. The  excitant  of  this  disease — now  most  commonly  culled  A^»rp- 
totkrix  actinomyces  or  Actinomyces  bovis — is  a  micro-organism  which 
seems  to  be  more  closely  related  to  the  moulds  than  to  the  bacteria.  It 
Is,  however,  considered  here  because  its  botanical  position  is  not  yet 
clearly  established,  and  it  is  still  commonly  regarded  as  one  of  the  so- 
called  pleomorphous  or  "higher  biicteria"  (see  page  145). 

The  organism  often  grows  in  the  tissues  in  the  form  of  little  rouuded 
masses  from  a  size  so  small  as  to  bo  invisible  to  that  of  a  pin's  head. 
They  may  be  transparent  or  grayish -white  or  yellow  or  dark  in  color. 
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Under  the  microscope  these  masses  often  appear  in  the  form  of  a  dense 
group  of  radiating  filaments  with  more  or  less  bulbons  ends;  hence  the 
common  name  "ray  fungus." 


Characters  of  ActiDomyceci. 

The  organism  is  ruadily  cullivatcd  ut  body  tcinpcnttui'e.  It  grows  in  ildicste 
braacliing  tljn^da  wliidi  lat«r  bIiow  segments  rc)<cinbliDg  budlii  aud  cocci  btsidcs  bulb- 
ous or  cluli-sliat)cd  forma,  probably  reaulting  from  degeneTUtion  ("  involution  forms  "). 
Successful  inoculations  of  cultitrcB  have  been  madu  in  animals. 

The  organism  is  usually  conveyed  from  one  animal  to  another  by  inoculation  or  by 
contact  of  tJic  growth  witli  a  wound  or  an  iibrasion  of  the  mucous  membrane.' 

In  the  trxaminatioD  of  sputum,  fsces,  pus,  etc..  for  the  presence  of  aetinomyc«s, 
the  naked -eye  appearances  maybe  of  value,  since  the  yellowish-wliltegranulesare  often 
quite  visible,  especially  on  a  black  background.  Suspicious  tnasses  may  be  leased  and 
studied  UDSlainei],  oi'  stained  by  Gram's  method.  Sections  of  tis-suc  may  be  hardened 
iu  alcohol,  and  Mictions  stained  by  Gram's  nutlKHl  with  contrast eosin  slain. 

Other  OrganUms  Beaambliug  Actinomyces. 

Many  forms  of  micro-organisms  of  similar  geoeml  characters  to  the  Strcptothiix 
actinomyces  liave  been  deserilx.ii,  some  occurring  iu  connection  with  infective  processes 
in  men  and  tlie  lower  animals  of  which  they  seem  to  be  the  excitants,  others  living  as 
saprophytes  in  various  Bituati<ms.  Among  the  apparency  pathogenic  forms  we  may 
mention  the  following: 

Sivprothrix  Mmlura  which  is  found  in  connection  with  a  disease  commonly  called 
mycetoma  or  "Madura  foot,"  frequent  in  the  tropics  and  pharaeterized  by  new  nodular 
growths  associated  with  suppumtion  and  necrosis  most  often  affecting  tlie  foot.' 

'  For  recent  bibliography  of  actinomycosis  see  Mdegel  in  Lubarscti  and  Osterlag's 

"Ergebnisse."  Jahrg,  5  for  IWH  p.  Wi, 

'Consult  Wt-i'jhl.  Jouni,  Exp,  Mi'd,,  vol.  iii.,  p.  431,  BibI, 
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Another  form  liiia  liccn  cltscribeil  in  couuwiion  with  a  pc'ciiliar  fonn  iif  i.-ryai|)c.-lii- 
tousintUmnialionof  tlieskiui  anollicr  in  (hu  so-culli'd/rtjrt«  de  harif,  a  disease  of  cat- 
tle in  Quadeloupe. 

Several  times  organisms  of  tliis  general  cliaraeter.  but  differiug  considerably  from 
S.  nclinomyces.  liave  iieen  found  in  inflammatory  anil  necnitic  iesiima  ot  tlie  lungs. 
Wliethcr  these  an>  variants  of  tliat  apeties  or  independent  species,  and  Iinw  many  such 
there  are  it  is  impossible  at  present  to  say. ' 

Fhoryngo-MycoaiB  Leptothric&. 

Certain  fllamcotous  mitro- organ  isms  called  I^ptothrii:,  whose  botanical  atllliationa 
are  ml  yet  clear,  are  of  common  incurrence  in  the  mouths  of  healtliy  persons.  Occii- 
eionally.  Iionever,  a  persistently  recurrent  attack  of  "aorc  throat,"  with  local  lendernesa 
and  Homelimes  cough  and  fever,  is  associated  with  the  growth  of  masses  of  leptolhrix 
in  the  crypts  of  the  tonsils,  at  the  base  of  the  tongue,  on  the  walla  ot  the  pliaryn\,  or 
in  tlie  nose  or  superior  portion  of  Ihc  (Fsopbagua.  The  leptotlirix  masses  or  colonies 
form  thick  ubltish  pellicles  or  patches  which  may  be  superficial,  or  in  the  (linsiis  may 
extend  deep  into  tlie  crypts.  These  masses  are  usually  firmly  adherent,  often  leave 
bleeding  surfaces  when  removed,  and  the  growth  is  apt  pcrsisleutly  to  recur. 

Microscopic  examination  of  removed  portions  of  the  growth  show  tufts  and  bun- 
dles of  the  thread-hke  micro-organisms,  growing  among  or  directly  out  from  flat  epi- 
tlielinl  cell  masses  and  mingleil  with  various  other  forms  of  micro* organiama.  mostly 
cocci  and  short  bacilli.  There  may  be  overgrowth  of  epithelium  and  collections  of  leu- 
cocytes In  and  about  the  lept«thri:i  masses.  In  sections  of  the  tissue  or  in  teased  frag- 
ments treated  with  loilin  (Lugol's  solution)  the  leptothrix  threads  are  readily  dilTeren 
liateil  from  the  tissue  elements  and  from  other  micro-organisms,  by  their  dark  color.* 

INFLUENZA.    (Epidemic  Catarrhal  Fever  ;  La  Ortppe.) 

This  is  an  infectious  disea^  characterized  by  fever,  physical  and 
mental  prostration,  and  exudative  indaniniations  in  different  part»  of  tlic 
twdy.  Thus  there  may  he  exudative  inflammation  in  tlie  respinitory, 
digestive,  and  nen'ous  systems,  either  singly  or  together.  Sometimes, 
however,  these  local  inflammations  may  be  absent  when  the  disea.se  may 
l>e  marked  by  the  characteristic  prostration  and  symptoms  of  toxemia. 
None  of  the  lesions  appear  to  be  chanicteristic.  The  lesion  of  the 
luiifp*  is  usually  of  the  broncho- pneumonic  type  and  is  apt  to  involve  the 
interstitial  tissue.  The  cut  siuface  is  smooth,  the  exudate  soft  un<l 
contiiins  relatively  little  fibrin.  The  lung  resembles  that  of  "puiuleiit 
infiltration. " 

The  numerous  bacterial  studies  which  up  to  1892  had  l>eeu  made  on 
epidemic  influenza  had  failed  to  reveal  any  micro-organism  which  coidd 
fairly  be  regarded  as  of  etiological  significance,  although  some  of  the 
complicating  inflammations  of  the  lungs  had  been  shown  to  be  verj'  fre- 
quently associated  with  the  pyogenic  cocci — Staphylococcus  pyogenes 
and  Streptococcus  pyogenes  and  the  Diplococcus  pueumonise. 

'  For  n  description  of  two  such  rases,  with  a  selected  bibliography,  see  Norrig  and 
iarjH/i.  Journal  of  Experimental  Meilicine.  vol.  v.,  p.  IS.I,  1900. 

For  a  critical  summary  of  this  group  of  organisms,  with  a  full  bibliography,  ace 
monograph  by  iMchufr-t^iul'nat,  "X'elier  StraldenpilKe,"  Btrasburg,  IBM;  see  nlsn 
PetT'iitilikg,  Kolleand  Wassermann'a  "Handbuchder  Mikroorganiam<-n,"lJd.  ii.,  p.  t<33. 

For  full  treatment  and  bibliography  consult  the  monograph  on  "  Aktinomykose 
hj  MiltgelXa  Kolleand  Wasscrmann's'llandbuchdcrMikrourganiRmeu,"  Bd.  ii.,  p.  HOI ; 
see  also  Master,  Pearre  iiiul  Gtryn.  Trans.  Assn.  Am.  Phys,.  vol.  \vi.,  p.  208,  IIWI. 

*  For  further  detaiis  and  bibliography  consult  Vampbell,  Uedical  News.  April  4th, 
896;  a\aoPtaree,  Bull  Univ.  Peun.,  vol.  xiv.,  iWa,  p.  317. 
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Early  iu  1892  Pfeiffer.  Kitasato,  aud  Canon  described  the  occtiiTence 
iu  the  bronchial  exudate  and  iu  the  blood  of  influeiiza  patients  of  a  very 
small  bacillus,  hitherto  unknown  or  possibly  noted  earlier  by  Babes. 
This  bacillus — B.  influemw — was  sometimes  present  in  the  bronchial  exu- 
date in  enormous  numbers,  and  often  with  tittle  or  no  contamination 
with  other  germs.  It  was  found  at  the  seat  of  other  local  lesions,  and  the 
pus  cells  often  contained  many  bacilli.  In  the  blood  it  was  occasionally 
present.  It  has  been  found  to  persist  in  the  body  long  after  the  active 
processes  have  ceased. ' 

Characters  of  the  Influenza  BacUlna. 

Tfie  inflaenza  bacillus  stains  with  some  difficulty  witb  the  simple  anilin  dyes:  but 
by  Ziebl'a  solution  (page  247),  or  by  warmed  LOffler's  methyleoe  blue  (page  IM).  it  is 
readily  colored.  It  docs  not  retain  tLe  stain  well  by  Oram's  metliod.  The  bacilli  are 
slender  and  short  (one  to  one  and  a  half  times  as  long  as  broad)  with  rounded  ends, 
sometimes  lie  singly,  sometimes  In  pairs  or  short  chains  or  heaps,  do  not  fonn  spores 
and  arc  oot  motile.  The  organism  apparently  dies  after  a  few  hours'  drying  in  the  air 
and  soon  in  water. 

This  Ijaeiilus  grows  best  at  body  temperature,  on  glycerin-agar  whose  snrface  has 
beeo  smeared  with  blood — human,  rabbit,  or  pigeon.  It  forms  very  smalt,  scarcely  vis- 
ble  deivdrop-like  colonies,  wblcb,  although  growing  close  together,  do  not  teud  ta  coal- 
esce, as  many  micro-organisms  do.  It  does  not  grow  at  a  temperature  at  which  the 
nutrient  gelatin  remains  solid.  In  beef  tee  it  forms  a  scanty,  cloudy  growth.  It  baa 
been  cultivated  through  several  generations,  but  usually  dies  soon.  Animal  inoculatloDB 
have  given  diverse  and  not  very  marked  results.  The  eariier  observations  liave  been  id 
general  confirmed  by  later  studies  of  others,  but  the  frequency  of  its  occunvuee  in  the 
blood  has  been  qucslioued. 

The  evidence  that  the  oi^uism  described  above  is  the  excitant  of 
influenza  rests  largely  upou  its  apparently  constant  presence,  esf^ecially 
iu  the  exudates.  Its  effects  iu  the  body  are  most  commonly  induced 
through  its  toxius.  That  the  oi^uism  should  have  been  occasioiudly 
found  under  other  conditions'  does  not  at  all  militate  against  Its  signifi- 
cance in  inciting  the  mauifestatious  of  influenza,  since  many  parallel  in- 
stances are  known  iu  other  infectious  diseases.  The  frequent  discrep- 
ancy between  the  clinical  and  bacterial  diagnosis  iu  iuflueuza  is  lately 
due  to  its  varying  and  often  obscure  clinical  mauifestatious  which  render 
possible  and  convenient  the  use  of  the  name  for  many  phases  of  catarrhal 
and  other  forms  of  inflammation. 

Other  Organisma  of  the  Influenza  Bacillua  Oroup. 

There  are  several  organisms  in  the  influenza  bacillus  group  which  condderably  re- 
semble it,  some  of  which  appear  to  be  pathogenic,  others  not  so.  Thus  several  ob- 
ttervers  have  found  in  exudates  from  various  sources,  but  especially  in  the  respiratory 
passages,  small  immobile  asgiorogenous  bacilli  growing  best  under  conditions  similar 
to  those  favorable  to  the  influenza  germ,  the  colonies  being  similar.    They  arc  some- 

■  For  a  full  resume  of  the  characters  of  the  influenza  Gacillus  and  its  relation  to 
various  forms  of  the  disease,  with  bibliography,  see  the  articles  by  Beek  in  EoUe  aud 
Wassermann's  "  Handhuch  der  Mikroorpunismen,"  Bd.  ii..  p.  369. 

'  See  Fark,  "Bacteriology  in  Aledicine  and  Surgery,"  p.  836. 
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vliat  larger  than  the  influenza  barlllus,  aud  tend  ti>  furm  tlireads.  This  organism  has 
been  called  the  pseudo-infiuenza  bacillus — B.  pteudo-infiuenzt.  Its  pathogenic  capaci- 
ties are  not  clear,  bnt  it  evidently  differs  Id  this  respect  from  the  genuine  influenza  ba- 
cillus. In  stained  specimens  of  exudate  the  pseudo- bacillus  may  be  mistaken  for  its 
relative. 

Another  bacillus  of  this  group.  B.  eonjiineUtiUdU,  has  been  found  in  conjunctival 
catarrh  by  several  observers  in  various  countries. 


TYPHOID  FSVER, 

Typhoid  fever  is  an  acute  infectious  disease  incite*!  by  tlie  BaciHus 
typhosm.  The  reaetiou  of  the  body  to  this  bacillus  is  usually  mani- 
fested by  characteristic  lesions,  especially  by  hyperplasia  and  necrosis 
in  the  lymphatic  stractures  of  the  intestines  aud  the  mesenteric  lymph 
Dodes,  and  in  the  spleen,  as  veW  as  by  the  more  general  alterations  iuci- 
dent  to  toxfemia  aud  septicaemia;  but  the  infection  is  occasioually  of  the 
septicsemic  type  without  characteristic  local  lesions  either  iu  the  iute6- 
tiues,  or  mesenteric  nodes,  or  other  viscera. 

The  Bacillus  of  Typhoid  Feveb. 

The  presence  of  a  bacillus,  called  Bacillus  typhosus,  iu  various  parts 
of  the  body  iu  typhoid  fever,  iu  a  cousiderable  proportion  of  the  cases 
examined,  has  been  well  established  by  a  large  number  of  obsen'ers. 
This  bacillus  does  not  occur  in  the  body,  bo  far  as  is  known,  except  iu 
connection  with  this  disease. 

Ohftraoters  of  the  BaoiUuB  Typliocna. 
The  typhoid  bacillus  is  usually  about  three  times  as  long  as  broad,  beingabout  one- 
third  as  long  as  the  diameter  of  a  red  blood  cell.     It  is  rounded  at  the  ends,  motile, 
aerobic,  facultative  auaerobic.  and  asporogeuous.     It  grows  readily  at  room  tempeia- 
_     ture  on  the  ordinary  media.     In  cultures  the  bacilli  often 
cling  together  end  to  end,  forming  threads  (Fig.  108). 

During  artiflcial  culture  in  nutrient  broth  a  poisonous 
albuminoid  product  or  products  are  farmed  which  have 
been  named  tj/photorin.  Injection  of  this  into  the  rabbit 
may  in  addition  to  general  toxic  symptoms  induce  hyper- 
plasia of  the  intestinal  lymph  nodes. 

Inoculations  of  the  typhoid  bacillus  into  animals, 
'  while  not  producing  a  disease  in  all  respects  like  that  in 
the  human  subject,  may  cause  death  with  symptoms  and  lesions  as  closely  resembling 
those  in  man  as  we  are  often  able  to  produce  in  animal  experimentation.  Although 
simitar  effects  may  be  induced  in  animals  by  inoculation  with  other  germs,  the  evi- 
dence that  typhoid  fever  in  man  is  produced  by  the  typhoid  bacillus,  and  by  this  alone, 
is  altogether  so  strong  as  practically  to  amount  to  a  demonstration. 


a  TYPMOsrs.  . 


It  is  probable  that  the  more  characteristic  symptoms  and  lesions  of 
typhoid  fever  are  largely  due  to  the  absorjition  of  toxic  substances  which 
are  produced  as  the  result  of  the  life  pi-ocesses  of  the  bacteria  at  the 
point  of  their  greatest  accumulation  and  activity.  It  should,  howe^'er, 
be  borne  iu  mind  that  the  typhoid  bacillus,  as  is  the  ease  with  mauy 
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other  bacteria,  may  iiuhice  locul  eliaiiges  by  means  of  its  protpid  coustit- 
ueiits  which  are  set  five  as  the  oi^nisms  disintegrate  alter  their  death 
in  the  body. ' 

Primary  Characteristic  Lesioxs. 

We  shall  first  consider  the  lesions  which  are  most  common  aud  char- 
actei"istic  of  typhoid  fever. 

The  Intestises. — ^The  lesions  of  the  intestines  consist  of  an  inflamma- 
tory enlargement  (hyperplasia)  of  the  solitary  lymph-nodnlesand  of  the 
agminated  lymph-nodales  (Peyer'a  patches).  Necrosis  of  the  nodules 
with  nlceration  frequently  follows  the  hyperplasia. 

The  process  appears  to  liegiu  with  a  catarrhal  inflammation  of  the 
mucous  memhrane,  accompanied  or  immediately  followed  by  changes  in 
the  lymph-uodules.  The  lesions  in  the  lymph -nodules  begin  early;  they 
have  been  observed  in  persons  who' have  died  forty-seven  hours  sifter  the 
commencement  of  the  disease.  The  increase  in  size  of  the  agminated  aud 
solitary  imdules  may  be  rapid  or  graduid.  Tlie  nodules  may  he  ouly 
slightly  enlarged,  or  may  pn>ject  far  into  the  lumen  of  the  intestine. 
The  enlargement  is  usually  more  marked  in  the  agminated  than  in  the 
solitary  nodules.  Usually  the  whole  of  a  Peyer's  patch  is  enlarged,  but 
sometimes  only  a  part  of  it.  If  the  enlargement  be  gradual  the  difl'ci'ent 
nodules  which  make  np  a  Peyer's  patch  may  enlai^e,  while  the  septa 
between  them  remain  but  little  changed,  thus  giving  the  patch  an  uneven 
appeai'ance- 

The  patches  which  are  only  moderately  enlarged  are  of  reddish  or 


reddish-gray  color,  are  soft  and  spongy,  and  their  edges  blend  gradually 
with  the  adjoining  mucous  membrane.  The  patches  which  are  more 
markedly  affected  ai-e  of  grayish  color,  of  firm  consistence,  aud  rise 
abruptly  from  the  surrounding  mucous  membrane  (Fig.  109)  or  even 
overhang  it  like  a  mushroom.  The  lai'gest  patches  are  sometimes  more 
than  thi-ee -eighths  of  an  inch  thick. 
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Tbe  eulargeiueut  and  infiltnttiuii  may  syreatl  from  the  patches  to 
the  suiToniiding  mitoous  meinbraue,  so  that  the  patches  appear  very 
large ;  a  Dumber  of  them  may  Income  fused  together,  aud  there  may  even 
be  an  auuular  infiltration  entirely  arouDd  the  loner  eud  of  the  ileum. 
The  infiltration,  limited  at  first  to  Peyer's  patches,  may  extend  outward 
into  the  muscular  coat,  aud  appear  in  the  peritoneal  coat  as  small,  gmy, 
rounded  iio<lules.  This  condition  is  usually  found  only  with  a  few 
patches  iu  the  lower  end  of  the  ileum;  sometimes  in  the  ciecnm  and 
appendix  venuiformis. 

The  solitarj-  nodules  are  affected  in  the  same  way  as  Peyer's  patches. 
They  may  be  hardly  enlarged  at  all,  or  be  quite  pi-oniinent,  or  may  be 
tiffected  over  a  larger  portion  of  the  intestine  than  are  the  patches. 
Verj  rarely  the  solitary  nodules  are  enlarged,  while  the  patches  are  not 
at  all  or  but  slightly  affected. 

The  infiamnuitiou  and  enlai^ment  of  the  agmiuated  and  solitary 
nodules  may  be  followed  by  a  healing  process.  The  character  of  this 
process  varies  according  to  the  intensity  of  the  previous  iutlammatiou. 

If  the  reaction  be  slight  and  the  enlargement  of  the  nodules  moderate, 
^he  enlargement  gradually  disappears,  and  they  resume  their  normal 
api>earance  (resolution).  In  moderate  enlargements  of  Peyer's  patches 
resolution  proceeds  first  in  the  nodules,  leaving  the  septa  between  them 
for  a  time  still  swollen  and  prominent.  This  gi^es  to  the  surface  of  a 
patch  a  reticulated  appearance.  After  a  time,  however,  the  entire  patch 
becomes  flattened  and  uniform.  On  the  other  hand,  the  solitary  nodules 
or  the  separate  nodules  of  a  patch  may  soften,  break  down,  and  their 
contents  are  discharged  with  some  attendant  hiemorrbage.  This  leaves 
a  bluish-gray  pigmentation,  due  to  altered  haemoglobin,  in  the  situation 
of  each  nodule,  and  this  may  remain  for  years. 

In  more  severe  types  of  the  disease  the  enlargement  of  the  nodules  and 
Peyer's  patches  ends  in  ulceration.     This  takes  place  in  two  waj-s: 

(a)  The  entailed  nodules  or  patches  become  necrotic,  soften,  break 
down,  and  discharge  into  the  intestine.  In  this  way  are  formed  small 
ulcers  (Fig.  110).  These  ulcoi-s  in- 
crease iu  size  by  the  same  softening 
process,  which  gradually  extends  at 
their  edges,  and  in  this  way  ulcers  of 
large  size  may  be  formed.'  The 
ulcers  may  extend  outward  to  the 
muscularis  or  to  the  peritonesil  coat, 
or  they  may  involve  the  peritoneal 
riG.  lift-  HTPEt<pr.«su  Of  pfTEna  Patch  in     '^'^^^  ^^^  ^"*1  perforate, 

TvpHoiD  fkyek  with  SMiLL  vlcf.kb.  (J)  In  thc  scvcrest  forms  of  the 

Tbe  HtiunK  small  ui«m  are  Mienaiag  and     disease  Considerable  portions  of  the 

bave  In  pan  coalesced.  ,  ,  ,  ,         ,  , 

enlarged   patches   may  slough  and 

become  detached,  leaving  large  ulcers  with  thick,   overhanging  edges 

'  ()wing  to  tlie  frequent  involvement  of  Peyer's  patches,  the  larger  intestinal  iileors 
in  typhoid  (ever  ai*  apt  to  tiave  their  longest  iiiameter  lenpthwlKe  of  the  gut  in  eon- 
trast  to  spreading  tuberculous  nleers,  which,  owing  to  the  extension  of  the  local  inflam- 
mation along  the  encircling  lymph  channels,  are  apt  to  have  the  longest  diamctei 
crossing  the  gut.     But  exceptions  to  this  general  rule 
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(Fig.  111).  Tb-j  slougli  may  involve  only  the  uodules,  or  it  may  iurolve 
also  the  muscular  and  iwritoueal  coats  and  perforation  may  occur. 
These  ulcers  also  may  afterwai-d  increase  in  size,  and  several  of  them 
may  be  joined  together.  AVheu  the  ulceration  leads  to  perforation,  peri- 
tonitis and  death  are  the  usual  result.  In  rare  cases,  howeAer,  the 
patient  recovers  and  the  perforation  is  closed  by  adhesions. 

If  the  patient  recover,  the  ulcers  are  covered  by  granulation  tissue, 
their  edges  become  Hattened,  the  granulatiou  tissue  becomes  firmer  and 


7lC.,  111.— ULUERATIOS  Of  PeVEn'H  PAtCHK3  AND  SOLITiRY  LTMPIl  N0DCLE3  IS   TYFHOIII   FEVER. 

Tbe  swollen  iwlcbva  and  nodules  are-necmUc  eicF|>t  bI  tbelr  edges,  tbe  cealral  portions  [arming  ■ 
ratrged  sJoui;b. 

denser,  and  this  new  connective  tissue  is  gradually  covered  with  cylin- 
drical epithelinm. 

The  minute  changes  which  take  place  in  the  development  of  the  in- 
testinal lesion  are  as  follows: 

At  first  the  blood-vessels  around  tbe  nodules  are  dilated  and  con- 
gested, while  the  nodides  are  swollen  and  tbe  epithelium  may  fall  off. 
Then  the  nodules  Increase  in  size,  largely  from  a  growth  of  new  cells. 

This  cell  growth  is  essentially  an  hyperplasia  of  normal  elements  of 
the  lymphatic  tissue,  namely,  tbe  lymph  cells  and  the  endothelium  of  the 
trabeeiilfe  and  sinuses.  There  are  thus  two  main  types  among  the  new- 
formed  cells,  first,  small  cells  with  relatively  large  and  deeply  stainii^ 
nuclei;  and  second,  larger  polyhedral  or  rounded  cells  with  more  or 
less  vesicular  uuclei.  The  larger  cells  jiiay  coutaiu  foreign  substances, 
such  as  red  blood  cells  or  leucocytes  (Fig.  112).  The  occurrence  of 
mitotic  figures  In  the  endothelial  cells  while  these  are  in  situ,  and  the 
position  and  grouping  of  tbe  large  cells  appear  to  prove  their  endothelial 
origin.  The  production  of  new  cells  is  not  confined  to  the  nodules,  but 
extends  also  to  tbe  adjacent  mucous  membrane.  In  many  cases  also  little 
foci  of  similar  new-formed  cells  are  found  in  tbe  muscular,  subserous,  and 
serous  coats. 

In  this  stage  resolution  may  take  place ;  then  the  new-formed  cells 
degenerate  and  gnidually  disappear.  In  severer  forma  of  the  disease 
neciotic  changes  are  apt  to  supervene,  leading  to  the  larger  and  small 
ulcers  above  described.  The  factors  which  determine  the  death  of  the 
hyperplastic  tissues  are  not  yet  fully  understood.  It  isbelie\ed  by  some 
to  be  directly  due  to  toxic  substances  formed  by  the  typhoid  bacilli  which 


i.e  ,yGoogIe 


THE   INFBCTIOrS   DISEASES.  231 

kill  the  tissne  cells;  others  are  inclined  to  attribute  it  to  the  pressure 
which  the  uew-foriued  cells  exert  on  the  nutritive  blood-vessels.  The 
eonclusious  on  this  point  which  3Iallory  dnvws  from  a  long  and  interest- 
ing series  of  studies  would  indicate  that  a  pi-oliferatioii  of  the  endothe- 
lial cells  of  the  blood-vessels  may  lead  to  their  occlusion  This  observer 
describes  the  formation  of  occluding  thrombi  in  tlie  Ivuiph  vessels  and 
smaller  veins.     These  are  composed  of  the  prolilei-vteil  endothelial  cells 


FIQ.  lia— E.\DOTHEUiL  CBliS  W    HtPKBPtABU  OF  PKYBR"S  PiTCII    IN  TYPHOID    PETn. 


which  have  degenerated,  together  with  fibrin  whose  formation  these 
degenerating  cells  induce.  The  accumulation  of  serous  aud  fibrinous 
exudate  about  these  thrombi  and  the  necrosis  of  tissue  which  may  now 
ensue,  may  soon  be  followed  by  necrosis  of  the  superficial  epithelium 
and  the  development  of  ulcers.  Tlie  accumulation  of  polymorpho- 
nuclear leucocjies  may,  according  to  Mallory,  now  occur,  and,  in  cases 
which  go  on  to  recovery,  healing  follows  by  the  formation  in  the  usual 
way  of  graaulatioD  tissue  with  the  ultimate  restitution  of  tlie  sui-face 
epithelium.  Mallory  lays  great  stress  upon  the  phagocytic  nature  of 
the  new-formed  cells  of  the  \'eins  and  lymph  vessels.  For  the  signifi- 
cance of  this  process  and  other  interesting  details  we  refer  to  the  original 
paper.' 

The  lesions  which  we  have  described  are  found  most  frequently  and 
are  most  pronounced  in  the  lower  part  of  the  ileum.  They  are  not 
always,  however,  confined  to  this  situation.  Enlarged  and  ulcerated 
nodules  may  be  found  over  the  entire  length  of  the  ileum  aud  oven  in 
the  jejunum.  They  may  also  extend  downward  and  be  found  in  the 
colon,  even  as  far  down  as  the  rectum.  Similar  changes  may  take  place 
in  the  appendix  vermiformis. 

Xetenteric  Lymph-Nodes. — The  mesenteric  nodes  undergo  changes  simi  - 

^  MaUory,  Journal  of  Ex pt'ri mental  Mi'dicine,  vol.  Hi.,  p.  fill.  1H98. 
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Itir  to  those  ill  the  nodules  of  the  iiitestiues,  and  iu'e  usually  affected  in 
a  degree  corresponding  to  the  inteusity  of  the  iutestiual  lesion. 

The  nodes  are  at  first  congested  aud  succulent ;  then  there  is  a  pro- 
duction of  lymphoid  cells  and  large  cells  as  in  the  intestinal  nodules,  and 
the  node  becomes  enlarged.  ^V'heu  the  enlargement  has  reached  its  full 
extent,  congestion  diminishes,  and  the  cells  begin  to  degenerate.  The 
degeneration  may  take  place  slowly,  and  then  the  node  gradually  re- 
turns to  its  uormal  condition ;  or  more  rapidly,  and  then  little  foci  of 
necrotic,  purulent  material  are  formed.  If  the  patient  recover  the  small 
foci  are  absorbed,  leaving  a  fibrous  cicatrix ;  the  larger  foci  may  become 
dry,  necrotic,  and  enclosed  in  a  fibrous  capsule.  Intense  exudative  in- 
flammation may  occur  in  the  nodes,  which  may  be  densely  infiltrated 
with  serum,  fibrin,  and  pus. 

The  Spleen. — In  nearly  every  ease  of  typhoid  fever  the  spleen  is  en- 
larged. This  enlargement  begins,  as  a  rule,  soon  after  the  commence- 
ment of  the  difiease,  inci-eases  rapidly  until  the  third  week,  remains 
stationary  for  a  few  days,  and  then  diminishes.  The  oi^n  is  congested, 
of  dark-red  color,  and  of  firm  consistence  while  it  is  increasing  in  size. 
After  it  has  readied  its  maximum  size,  its  consistence  becomes  soft,  and 
thei'c  is  a  considerable  deposit  of  brown  pigment.  The  enlargement  ap- 
pears to  be  due  to  congestion  and  hyperplasia. 

Mallory  clescril>es  proliferation  of  endothelial  cells,  especially  in  the 
blood-vessels  and  pulp  spaces,  and  the  formation  of  venous  thrombi. 

In  rare  cases  the  softened  spleen  ruptures,  with  an  extra\-asation  of 
blood  into  the  peritoneal  cavity.  There  may  be  infarctions  of  the  spleen, 
which  sometimes  soften  and  may  apparently  lead  to  peritonitis. 

The  Liver. — The  liver  may  present  no  apparent  lesion.     It  is,  how- 
ever, frequently  large,  pale,  and  flabby,  aud  in  this  condition  the  liver 
cells  may  be  the  seat  of  simple  al- 
buminous degeneration. 

Less  frequently  there  are  present 
in  the  liver  veiy  small,  soft,  gray- 
ish nodules  (Fig.  113).  These  focal 
lesions  are  sometimes  too  small  to 
l»e  distinguished  by  the  naked  eye. 
They  may  be  situated  about  the 
branches  of  the  portal  vein  or  within 
tiic  lobule.  Some  of  these  nodules 
consi.st  of  mas.ses  of  small  spheroidal 
cells,  which  may  form  a  diffuse  iu- 
filti-ation  along  the  small  veins, 
Mallory   distinguishes   two  distinct 

varieties  of  the.se  focal  lesions:  one  formed  iu  the  lymph  spaces  and 
vessels  iu  the  cajisule  of  (ilisson  by  a  proliferation  of  the  endothelium 
(Fig.  114) ;  the  other  due  to  obstruction  of  liver  capillaries,  in  part  by 
the  proliferation  of  endothelium  on  the  spot,  in  part  by  emboli  of 
endothelial  cell  origin,  which  ai«  derived  through  the  portal  circniation 
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from  the  vessels  of  the  spleen  and  intestine.     Xecrotic  changes  may 
dc\'elop  in  anil  about  tliese  focal  cell  accumulations. 

Simple  focal  necroses  of  the  liver  auiil  of  other  viscera,  due  to  the 
action  of  toxic  substances  in  the  body  fluids,  may  occur  in  typhoid  fever 
as  in  many  other  infectious  diseases.' 


TblsrutalHiwBS  more  blgtily  mummed  pnrtiDDoItlie  tocal  It^un  In  Hg.  106. 

While  small  foci  of  cell  proliferation  may  be  present  in  the  kidnej/s 
as  ■well  as  other  viscera,  their  occurrence  is  neither  so  frequent  nor  so 
characteristic  as  in  the  liver. 

In  typhoid  fever  as  in  other  infections  diseases  toxcemia  maybe  mani- 
fested by  disturbance  in  the  circulatory,  respiratory,  and  heat- regulating 
mechanism,  and  in  general  metabolism  as  well  as  by  manifest  lesions, 
such  as  albuminous  or  ether  degeneration  of  parenchyma  cells  through- 
out the  body,  and  alterations  leading  to  leucocytosis. 

Secondary  Lesions. 

In  addition  to  the  more  charactenatic  lesions  of  typhoid  fever  which 
we  have  described,  there  are  several  of  secondary  or  complicating  uatnre. 
These  are  of  sufficiently  frequent  occuri-ence  in  the  disejise  to  require 
brief  mention.  They  are  in  part  due  to  the  direct  action  of  the  typhoid 
bacillus  or  its  soluble  poisons;  in  part,  however,  are  bmught  about  by 
secondarj'  bacterial  infections ;  but  between  these  it  is  often,  with  our 
present  knowledge,  impossible  to  distinguish.' 

The  Digestive  Oi^ans. — In  the  inteM'tw  there  may  be  gangi'cne,  some- 
times involving    the  tisanes  about  the  ulcers,   sometimes  apart  from 

■  For  fuller  details  of  studies  on  these  focal  Ipsinns  ii 
diseases,  consult  Mallory.  tut,  nt.  liteil,  Jolius  IIi)j)ki[i& 
Flexmr.  ibid.,  vol  vi.,  p.  359.  1897. 

*  For  biMingrapliy  of  tlie  estni- Intestinal  lesioni  indurcd  liv  llio  IvpiioiiJ  bacillus 
see  Ilouard,  I'tilladelpliia  Moutbly  Mud.  Jour.,  vol.  i.,  fio.  7.  p.  4U^,  KW. 
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these.  There  may  be  croupous  iuflamination  of  the  iuteetinal  mucous 
membraue  of  either  the  large  or  small  iutestlue.  A  slight  peritouitia 
Bometimes  accompauies  the  intestiual  lesioo.  Severe  peritonitis  is 
usually  due  to  perforatiou,  less  frequently  to  ulcers  which  reach  the  serous 
coat,  but  do  uot  perforate.  When  there  is  iufiltration  of  the  serous  coat 
with  the  new  cell  growth,  described  atrove,  peritonitis  may  he  asso- 
ciated with  a  productioD  of  little  gray  nodules  of  the  same  character 
throughout  the  peritoneum.  Infarctions  of  the  spleen,  inflammation  of 
the  ovaries,  aud  i>erforation  of  the  gall-bladder  are  sometimes  the  incit- 
ing factors  iu  peritonitis. 

Hemorrhage  from  the  intestines  may  be  slight  aud  due  to  the  inflam- 
matory swelling  and  congestion  of  the  mucous  membrane ;  or  it  may  be 
due  to  the  ulceration  of  the  follicles  and  opening  of  the  blood-vessels, 
and  is  then  often  profuse. 

There  may  be  hyperplasia  of  the  tonsils  and  of  the  lymphoid  tissue  at 
the  base  of  the  tongue.  Gangrenous  ulcers  of  the  sides  and  floor  of  the 
mouth  may  be  present.  Catarrhal  and  croupous  inflammation  of  the 
pharynx  may  be  associated  with  superficial  or  deep  ulceration.  Inflam- 
mation of  the  parotid  leading  to  suppuration  is  not  infrequent.  The  sui- 
vutxiUary  gland  may  be  similarly  aft'eeted.  Enlargement  and  induration 
of  the  salivary  glanda  and  of  the  pancreas  in  typhoid  fever  have  been  de- 
scribed and  are  believed  to  be  due  to  hyperplasia  of  the  gland  cells  with 
accumulation  of  their  secretion.     This  may  be  followed  by  degeneration, 

The  Circulatory  Oifans. — The  heart  iu  many  cases  is  the  seat  of  albu- 
minous, fatty,  or  hyalin  degeneration,  or  of  pigmentation.  Myocarditis, 
endocarditis,  and  pericarditis  are  of  occasional  occurrence.  Thrombi 
may  form  upon  the  valves  or  in  the  heart  cavities,  and  detached  frag- 
meuts  of  these  may  be  lodged  as  emboli  iu  various  parts  of  the  body. 
The  arteries  may  be  the  seat  of  acute  inflammation.  If  this  involve  the 
iutima,  an  occluding  thrombus  may  be  formed  which  may  lead  to  gan- 
grene of  the  part  supplied  by  the  vessel.  Thrombosis  of  the  veim  is 
common,  aud  especially  frequent  in  the  femoral  vein  late  iu  the  disease. 

The  Bespiratory  Organs. — The  Larynx  is  frequently  the  seat  of  catarrhal 
inflammation,  with  or  witho\it  sn])erficial  erosions.  Less  frequently  there 
is  croupous  inflammation,  followed  in  some  cases  by  destructive  ulcer- 
ation ;  cedema  of  the  glottis  occasionally  occurs. 

The  Lungs. — Catarrhal  iuflamniation  of  the  large  bronchi  is  very  com- 
mon. Broncho-pneumonia  occurs  in  two  forms.  There  may  be  a  severe 
infiammatiou  of  most  of  the  bronchi  of  both  lungs,  with  cellular  infiltra- 
tion of  the  walls  of  the  bionchi  aud  zones  of  peribronchitic  pneumonia; 
or  there  is  an  iutense  geneial  brouchitis,  with  lobules  of  the  lung  corre- 
sponding to  obstructed  bronchi,  cither  collapsed  or  inflamed,  or  both. 

From  the  long-eontinned  recumbent  position  of  the  patients,  the  iKe- 
terior  portions  of  the  lungs  become  congested,  dense,  and  uuaerated. 
Sometimes,  in  addition  to  this,  irregular  portiotis  of  the  lungs  become 
hepatized.  Less  frequently  there  is  acute  lobar  pneumonia.  Infarctions 
are  not  uneonunon,  and  gangrene  occasionally  occurs,  either  associated 
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■with  lobnlar  pDenmouia  or  witli  infarctions,  or  as  an  indcpeiideut  condi- 
tion.    Fibrinous  pleurisy  and  empyema  are  nofe  infrequent. 

The  Qemto-Urinary  Orguu. — The  kidneys  are  occasionally  the  seat  of 
an  acute  inflammation.  Cartarrhal  and  croupous  and  nodular  inflam- 
mation of  the  bladder  may  occur.  Haemorrhage  and  gangrenous  inflam- 
mation in  the  ovaries  have  been  recorded;  the  uterus  may  be  involved.' 
Oi-chilia  and  epididgnittia  may  develop  during  convalescence.* 

The  Herroiu  System. — In  addition  to  chromatolytic  changes  in  the  gan- 
glion cells  which  are  common  to  many  infectious  diseases,' there  may  be 
thrombosis  of  the  venous  sinuses  and  obliterating  endarteritis.  Acute 
meningitis  is  rare.*  Degeueration  and  inflammation  of  the  peripheral 
nenes  may  occur. 

SnppnratiTe  Inflammation  may  occur  in  almost  any  part  of  the  body 
in  typhoid  fever.  This  may  be  in  the  form  of  boils  or  of  deep  abscesses. 
Post-pharj^ngcal  suppuration  is  often  one  of  the  most  serions  of  these 
complications.     Post-typhoid  boue  lesions  are  often  important.' 


SBPT1C.SMIO  Forms  of  Typhoid  Fever  without  Characteristic 
Local  Lesions. 

Typhoid  fever  may  oc«ur  without  the  characteristic  intestinal  and 
associated  lesions.  In  this  septictemic  type  of  the  disease  there  may  be 
no  demonstrable  lesions  other  than  those  which  are  due  to  the  toxtn- 
mia.'  On  the  other  hand,  inflammatory  processes  in  the  viscera — lungs, 
kidney,  spleen,  etc. — may  be  dependent  on  the  presence  of  the  typhoid 
bacillus.  The  lesions  in  such  cases  are  not,  so  far  as  we  yet  know,  char- 
acteristic, and  the  post-mortem  di^nosis  depeuds  largely  upon  the  iden- 
tification of  the  bacillus.' 


'  Lartigau.  New  York  Mml.  Journal.  June  lOtli.  IftOO,  blbliograpliy. 

'See  Kinnieult.  Trans.  Assn.  Amer.  Phj-a.,  vol.  xvi.,  p.  145. 

'  For  a  study  of  ganglion  cells  In  cases  of  typlioid  fever  see  XtyM*.  Jour,  of  Exp. 
Med.,  vol.  iv,,  p.  189,  1899,  bibliography.  See  also  Eutng.  "Sludiea  on  Ganglion 
Cells."  Archives  of  Neurology  and  Paychopatliology,  vol.  i.,  p.  268,  1898. 

*For  bibliography  of  typhoid  meningitis  sec  Weatworth,  Trans.  Amer.  Pedialrio 
Boc.,  vol.  Ki.,  p.  145,  '899. 

•  Parmnt,  Johns  Hopkins  Hospital  Reports,  vol.  v.,  p.  417.  1895. 

"Consult  in  this  connection  for  cases  and  bihiiography,  Chiari.  Zeitsclirift  f.  Heil- 
Kuade.  1»»7;  Lartigati.  New  York  Med.  Journal,  vol.  Ixx.,  p.  158,  1899;  also  Jolius 
Hopkins  Hospital  Bulletin.  April,  1899;  OpMU.  N.  Y.  Med.  Jour.  May  12th,  1000. 

'  For  summary  of  studies  on  the  typhoid  bacillus  and  typhoid  fpver,  with  liibliog 
raphy.  consult  Dwnior.  "Ergcbnisse  dcrulig.  At-tiologie  der  SleuscLeL..  u.  Tliicrkrank- 
helten,"  JahgT.  I.,  Abth.  1,  p.  605,  1890. 
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Distribution  of  the  Typhoid  Bacillus  in  the  Body  in  Typhoid 
Fever. 

Id  the  early  stages  of  the  disease  the  bacillus  may  be  found  in  the 
lymphatic  structures  of  the  intestines  and  in  the  mesenteric  lymph-no<les 
aud  the  spleen.  It  may  be  present  iu 
lesions  involving  the  bone  mai-row,  kid- 
ney, liver,  lungs,  pleura,  uterus,  testicle, 
and  skin,'  as  veil  as  in  the  blood.* 
Typhoid  bacilli  have  beeu  rejjeatedly 
found  iu  the  urine  and  in  the  bile,  and 
may  persist  here  long  after  the  establish- 
ment of  convalescence.'  Tliey  may  be 
found,  though  not  iu  such  abundance  as 
was  formerly  assumed,  in  the  intestinal 
contents  after  the  disease  has  become  well 
established.  Their  abundance  here  ap- 
peal's to  depend  somewhat  upon  the  de- 

FlU.     116.-  ri.lSTKB     Of      TTPHOID     Bi-  If    -      I        i-         1         1  i-  T        .1 

CIU.I  IN  THE  spLEKN.  g^^^  *>r  lutestiual  ulceration.     In  the  vis- 

cera  they  are  apt  to  occur  in  larger  and 
smaller  masses  or  clusters  (see  Fig.  115),  The  typhoid  bacillus  may 
be  transmitted  through  the  pla<«nta  to  the  fcetns.' 

Typhoid  bacilli  may  be  present  aloue  or  iu  association  with  other 
germs  in  the  foci  of  suppuration  which  so  frequently  complicate  typhoid 
fever,  also  in  the  exudate  in  Inflammations  of  the  serous  membranes  and 
in  the  endocardial  vegetations.' 

Some  of  the  inflammatory  complications  which  occur  iu  typhoid  fever 
are  due  to  the  growth  of  the  bacillus  iu  unusual  places  in  the  body ;  but 
many  of  them  are  due  to  a  secondary  infection  with  other  germs,  notably 
with  the  pyogenic  cocci,'  also  with  the  colon  bacillus  and  the  pnenmo- 

C0CCU8.' 

Modes  of  Infection  with  the  Typhoid  Bacillus. 

Infection  with  the  typhoid  bacillus  seems  usually  to  occur  through 
the  gastro-intestinal  canal.  In  a  large  proportion  of  cases  the  bacilli 
are  conveyed  by  meaus  of  food,  and  especially  of  milk  and  drinking- 

'  See  Pralt,  Jour.  Boston  Soc  Med.  Sclencea,  vol.  Hi.,  p.  170,  1809. 

'See  Anefbach.  Deutsche  med.  Woehensclir.,  December  6tli,  1900,  blbliograpbTi 
also  HocUtt,  N.  Y.  Med.  Hec.,  vol.  Is..  1901,  p.  849. 

^Oirffii,  Jolias  Hopkins  Hosp.  Bull.,  vol  x..  p.  100,  1890;  also  CurmAmaaH,  m 
typlinici  cystitis,  MUuclicner  mccl.  WocheDSchr.,  October  ISCh,  1900. 

*ilef.  Lnrtigau.  New  York  Med.  Jour.,  Juuc  IBtli,  1900. 

'Bee  FtMner,  Journal  of  Pathology  tind  Bacteriology,  vol.  iii.,  p.  303,  1895,  axA 
Johns  Hopkius  Hospital  Reports,  vol.  v.,  p.  343;  also  Mace,  "TraitS  de  Bact^riologie." 
1901. 

"For  full  consideration  of  the  pyogenic  powers  of  the  typliold  bacillus,  consult 
Dmochoiceki  and  Jaiuin-tk-i,  Ziegler's  Beitr.  z.  poih.  Anat.,  etc.,  Bd.  \\n.,  p.  331,  1895. 

■iKeen,  "The  Siirgicsl  Complications  of  Typhoid  Fever,"  1898.  Mare,  "The  Medi- 
cal Complications  of  Typhoid  Fever."  1800. 
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water,  which  have  Ix-eii  polluted  with  the  excretions — fieces  and  nriue — 
of  pei-soiis  sufferiug  from  the  disease.  Many  serions  epidemics  of  ty])hoid 
fever  Iiave  been  traced  to  pollutions  of  milk  and  drinking-water  from 
bueh  sources,' 

Oysters  which  have  I>eeu  taken  from  grossly  polluted  waters,  as  near 
sewer  oi>enings,  have  been  the  means  of  conveying  the  germs."  There 
is  abundant  evidence  that  flies  convey  the  infectious  material  from  undi^- 
iufected  discharges.' 

In  milk  the  typhoid  bacillus  not  ouly  remains  alive  for  long  periods, 
but  undergoes  active  uiulti plication.  It  may  remain  long  alive  iu  water 
and  even  for  a  time  multiply.  In  the  soil  and  when  dried  it  may  remain 
alive  for  months.  Fro7.en  in  ice  it  has  been  found  alive  after  more  than 
(hiw!  mouths.     It  is  readily  killed  by  exposure  to  strong  sunlight. 

Preventive  Inoculatiom. 

PreventivG  luoculatious  hnve  bci^n  pmcliscci  on  a  large  scaile  in  man  by  llic  method 
of  Hnlllcine  with  apparently  favorahle  results.  In  this  method  cultures  ot  Ibi;  bacillus 
are  killeil  bj  heat  and  the  emulsion  is  injected  subcutaiieously. 

Ag'glutination. 

We  have  seen  In  an  earlier  sectina  of  Ibis  hook  (p.  190)  that  in  the  adaptation  <>F  a 
living  body  to  certtiiu  alien  organic  substanees.  among  which  ure  bacteria  and  tlieir 
to.xins.  the  scrum  ot  the  adflpted— or  in  !hc  case  of  microorgaoisms,  of  the  iir.niiimxcil 
— individual  may  contain  substances  whieh  are  agglutinative  for  the  particular  species 
of  micro-organism  invnlved.  By  the  use  of  this  phenomenon  of  ngglulination.  a  method 
of  clinical  diagnosis  of  considerable  value  lias  been  devised  an<l  iniicli  employed  espe- 
cially in  lyplioiil  fever. 

The  nature  of  this  ngglulination,  which  may  occur  with  dead  bacilli  also,  is  not 
yet  understood,  nor  is  the  reaction  altogether  limited  to  the  bacterial  species  which  in- 
duces the  tolerance.  Furthermore,  it  appears  lliat  ngglutination  may  be  induced  by 
various  orgauic  and  inorganic  chemical  substances. 

A.?glutiuati(>n  has  been  used  as  a  means  of  diagnosis  in  other  infectious  liisoases. 
It  liaa  been  found  useful  also  in  the  idenliflcatlon  of  species  in  various  forms  of  bacteiia.' 

The  Typhoid  and  Colon  Bacillus. 

Much  difficulty  has  b<en  encountered  in  distinguishing  1)ctween  Iho  typhoid  ba- 
cillus and  various  forms  of  the  colon  bacillus  when  they  occur  together,  as  may  be  the 
case  la  contaminated  water  or  in  the  dejecta  of  persons  aulTeiing  from  typhoid  fever. 
As  a  result  of  this  dilficulty  a  very  close  relationship  lias  been  assumed  between  typhoid 

'Freeman,  New  York  Medical  Record,  March  28tb,  1896,  bibliograpbv;  also 
Vaaghrn.  Jour.  Amer.  Med.  Assn.,  April  19th.  1902,  p.  979. 

' Freenutn,  Albany  Meil.  Annals,  vol,  xviii.,  1897,  bibliography;  M-ieiiy,  Hevue 
d'Hygiftne.  t.  xxii.,  pp.  13,  102, 193,  1900;  Herdman  awrf  J%ce,  Thompson  Yates  Labo- 
ratory Iteport.  vol.  ii..  supplement,  1899. 

'Sec  reference,  p,  16S;  also  report  on  typhoid  fever  in  U.  S.  Military  Camps  during 
Spanish  War  uf  189S,  by  Bttd,  Vaiighan,  and  Shakespeare,  1900;  also  cxpcdmeiital 
study  by  Ficier,  Arch.  t.  Hygiene,  B<1.  xlvi..  1903,  p.  374, 

*Por  further  details  ot  agglutination  we  refer  to  tlie  special  bibliography  on  the 
subject,  whirh  may  be  found  in  Slace's  "  Bacterio logic."  1901.  and  to  works  on  clinical 
patfioloKy,  and  for  a  comprehensive  bibliography  to  KiMer,  Eliuischea  Jahrbuch,  Bd. 
riii,,  1901,  p.  as. 


Digitized  by  Google 


238  THE  INFECTIOUS  DISEASES. 

and  colon  bacillL  This  assumption  is  not  wholly  justified  by  the  facts,  since  many  of 
tbu  biological  as  well  as  some  of  the  morphological  characters  of  the  two  are  quite  dis- 
eimilar. 

The  difficulty  in  distinction  is  largely  limited  to  the  identiflcation  of  coionieB  on  the 
common  media  usually  employed  in  the  gelatin  and  a^r  plates.  Hiss  has  shown  how 
by  a  slight  modification  of  the  common  methods  the  growth  of  each  form  is  quite  char- 
acteristic, so  much  so  that  pure  cultures  may  be  made  from  tbu  first  mixed  plates  with- 
out difficulty.'  When  once  the  two  fonus  are  separated,  distinguishing  characters  are 
teadily  demonstrable.' 

Hethoda  of  Staiimigr  the  Typhoid  Bacillus. 

.  The  bacilli  from  artificial  cultures  stain  readily  with  the  ordinary  anilin  dyes,  such 
as  fuchsin  and  methylene  blue.  In  sectioDB,  however,  they  do  not  stain  so  readily. 
They  are  decolorized  by  Gram.  They  may  be  stained  by  ZiehVn  lolntion  (see  p.  223). 
Stain  for  half  an  hour,  decolorize  in  alcohol,  clear  in  oii  of  cedar,  mount  in  balsam. 
The  decolorization  in  alcohol  should  be  carefully  done  to  avoid  the  removal  of  too 
much  color.  Flexner  recommends  the  staining  in  Loffler't  methyiejte  blue  solution  for 
two  hours;  then  put  in  acetic  acid  solution  1:1,000  for  several  minutes:  dehydrate  in 
absolute  alcohol ;  clear  and  differentiate  in  oil  of  cloves ;  mount  in  balsam.  The  aim  in 
both  of  these  methods  is  to  leave  the  nuclei  faintly  colored,  but  not  so  much  so  as  to 
conceal  the  clusters  of  more  deeply  stained  bacilli. 

Bibliog^raphy  of  Typhoid. — For  a  r£Bum§  of  the  studies  on  the  typhoid  bacillui 
and  Its  relationship  to  this  disease  see  KenfeUt,  KoUe  and  Wassermaun's  "  Handbuch  iter 
Mihroorganismen,"  Bd.  ii.,  p.  304.  For  studies  on  various  phases  of  typhoid  infection 
see  Johns  Hopkius  Hospital  Reports,  vol.  vlii.,  1900. 

Famtyphoid. 

Recently  a  group  of  cases  of  continued  fever  han  been  recognized  which  give  the 
general  clinical  picture  of  typhoid  fever,  but  in  which  the  serum  does  not  agglutinate 
the  typhoid  bacillus,  and  cultures  revea!  a  bacillus  in  some  respects  resembling  bufoot 
identical  with  the  typhoid  bacillus,  and  apparently  intermediate  between  this  and  the 
B.  coll  communis.  This  bacillus  has  been  called  the  paratyphoid  bacillus,  and  It  la 
aggluthiated  by  the  serum  of  the  cases  in  which  it  occura.  The  intestinal  and  other 
lesions  of  Ibis  disease,  which  is  called  paratyphoid,  so  far  as  they  are  known,  are  not 
those  characteristic  of  typhoid  fever.'  The  limitations  of  this  book  do  not  permit  us  to 
enter  into  detail  into  the  subject  of  paratyphoid  and  its  bacillus,  in  which  considerable 
uncertainty  still  prevails.'  Regarding  the  value  and  significance  of  the  agglutination 
lest  the  reader  should  consult  works  on  clluical  diagnosis. 

ASIATIC  CHOLEBA. 

Asiatic  cholera  is  a  disease  incited  by  the  growth  and  proliferation  in 
the  intestines  of  a  slightly  curved  or  spiral-shaped  bacterium,  which  is 
called  the  cholera  spirillum — SpiriUum  ckolerw  Asiaticcc  (Vibrio  cholerae 
Asiaticie).  This  organism  in  the  early  and  active  stages  of  the  disease 
may  be  present  in  enormous  numt>ers  iu  the  contents  of  the  small  intes- 
tine, often  penetrating  the  mucosa.  It  is  usually  confined  to  this  situ- 
ation. Its  deleterious  effects  upon  the  body  appear  to  be  lately  dne  to 
the  i>rodnctiou  of  toxic  substances,  which  iu  addition  to  serious  intestinal 

'if(«.  Jour.  Exp.  Med.,  vol.  ii.,  p.  677.1897;  Jour.  Med.  Research.,  vol.viii.,  IMS, 

"      '         "  ■  -■  ■    1908. 

n-typboid  group,  see  Brum 
401,  bibi 

'See  Wfllt  aiul  Scott.  Jour,  of  Infec.  Dis..  vol.  i..  1903,  p.  72. 

*  For  a  r^ume  of  this  subject,  with  bibliography,  see  Libman,  Journal  of  Medical 
Research,  vol.  Tiii.,  1903,  p.  168. 


p.  148 :  also  Hiu  and  Sutsfll.  Med.  News,  February  14th,  1808. 
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irritatioa  or  lesiou  may  on  absorption  incite  those  systemic  distnrbances 
which  characterize  profound  toxcetuia. 

Lesions  of  Asiatic  Cholera. 

In  some  cases  of  cholera  there  are  uo  marked  changes  to  be  found 
after  death,  and  in  no  case  are  the  lesions  distiuctive  of  this  disease. 

If  death  occur  during  the  invasion  of  the  disease  or  in  the  stage  of 
collapse,  the  appearances  in  the  more  marked  cases  may  be  sunuuarized 
as  follows: 

The  iKHlica  may  remain  warm  for  some  time,  and  the  temperature 
may  rise  for  a  short  time  after  death.  The  rigor  mortis  usually  begins 
early  and  lasts  for  an  exceptionally  long  time.  The  muscles  sometimes 
exhibit  a  peculiar  spasmodic  twitching  before  the  rigor  mortis  sets  in, 
especially  the  muscles  of  the  hand  and  arm. 

The  Skin  is  of  a  dusky  gray  color;  the  lips,  eyelids,  fingers,  and  toes 
are  of  a  livid  purple.  The  ends  of  the  fingers  are  shrivelled,  and  the 
cheeks  and  eyes  sunken. 

The  BraiiL — ^The  sinuses  of  the  dura  mater  are  filled  with  dark,  thick 
blood.  The  pia  mater  may  be  normal,  or  oedematous,  or  ecchymotic, 
or  infiltrated  with  fibrin.  The  brain  is  usually  uoi-mal,  but  may  be  dry 
and  firmer  than  usual. 

The  Lungs  are  retracted  and  anfemic,  the  pleura  may  be  dry  or  coated 
with  fibrin.  The  Heart  is  uomial.  The  Peritoneum  may  be  dry  or  coated 
with  a  layer  of  fibrin. 

The  Stomach  is  usually  unchanged,  but  may  be  the  seat  of  catarrhal 
inflammation.  The  Small  Inteitine. — There  may  be  ecchymoses  in  the 
mucous  membrane ;  the  mucous  membrane  may  be  soft  and  (edematous ; 
there  may  be  general  congestion,  or  the  congestion  may  be  confined  to 
the  peripheries  of  the  solitary  and  agminated  nodules,  and  these  nodules 
may  he  swollen ;  or  there  may  be  croupous  inflammation  and  superficial 
necrosis.  All  these  changes  are  usually  most  marked  at  the  lower  end 
of  the  small  intestine.  There  is  apt  to  be  post-moriem  desquamation  of 
the  epithelium.  The  characteristic  rice-water  fluid  may  be  found  in  the 
intestines  after  death,  or  instead  of  this  dark-colored,  bloody  fluid.  The 
Lu^  Intestiae  is  usually  normal,  but  in  some  epidemics  croupous  inflam- 
mation occurs  in  a  considerable  number  of  cases. 

The  Si^een  may  be  soft.  The  Liver  may  show  small  areas  of  granular 
or  fatty  or  hyalin  degeneration. 

The  Kidneys  are  often  increased  in  size,  with  white  and  thickened  cor- 
tex and  congested  pyramids.  The  epithelium  of  the  cortical  tubes  may 
contain  coarse  granules  and  fat  globules,  or  be  necrotic.  The  tubes 
may  contain  casts  and  disintegrated  epithelium.  The  TTtemi  and  Ovaries 
may  be  congested  and  contain  extravasated  blood. 

If  the  patient  do  not  die  until  the  stage  of  reaction,  the  body  does  not 
present  the  same  collapsed  appearance,  and  there  are  often  inflammatory 
changes  in  diflferent  parts  of  the  body,  especially  in  the  larynx,  the  lungs, 
the  stomach,  and  the  Intestines. 
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Characters  ot  tlie  Cholera  Spirillum. 

The  cliolera  spiriHum.  which  was  discovered  by  Koch  in  1883,  la  a  curved  rod  with 
rounded  cods  from.  0.8  to  2.0  /i  long,  aaporogenotis,  aCrobic,  and  motile.    WIicd  growing 
under  suitable  conditions  iliesc  rods  are  apt  to  cliug  together  bj'  tbcir  ends,  fonning  S- 
shaped  structures  or  spin  Is,  ofi«n  of  consideroblu  length  (Fig.  110.)    The  organism  stains 
readily  and  grows  abundantly  on  tbe  ordinary  culture  media.     The  lifir  period  is  short 
and  various  degenerative  "  involution  "  forms  are  apt  to  be  present  in  old  cultures.     It 
grows  best  at  about  blood  heat:   growth  ceases  at  about  10°  C.,  but  may  survives  re- 
duction of  liie  temperature  to  —  10"  C.     It  is  quickly  killed 
by  drying  or  by  the  temperature  of  boiling  water.     Acids 
are  inimical  to  ita  growtli.     It  may  retain  its  vitality  for 
I        a  considerable  time  in  water.     On  moist  aurfaces.  auch  as 
*      damp  linen,  earth,  vegetables,  or  in  milk,  it  may  rapidly 
proliferate. 

Tlie  results  of  animal  experiments  with  the  cholera 
germ   are  not   in   themselves  decisive  in  determining  its 
Fio.  li..-8™u.™  CB0U««      „|.,|on«,lp  K  tl.»  dl«-«.i-,  mnce  .nlmal.  do  doI  ««  m 
its  presence  as  man  does.     However,  the  cousiant  occur- 
Fromacu  ure.  rence  of  tliis  organism  in  Asiatic  cholera,  its  absence  fmra 

the  body  under  other  conditions,  and  the  accidental  labo- 
ratory infections  which  have  several  times  occurred  in  men  iiandling  pure  cultures  of 
the  gei-m,  leave  no  doubt  as  to  its  significance  as  llie  excitant  of  this  disease. 

The  infectious  organism  is  usually  conve^'ed  from  one  person  to  another  by  the 
pollution  of  food  or  drink  with  the  discharges  which  contain  the  virulent  germs. 

It  is  ofl^-n  of  the  highest  importance  to  determine,  at  tiie  earliest  possible  moment, 
whether  or  not  a  suspected  case  be  one  of  Asiatic  cholera  or  some  other  form  of  acute 
intestinal  disorder,  so  that  in  the  fonner  case  the  proper  measures  may  be  inatituted  to 
prevent  the  spread  of  the  disease.  The  cliai-acters  which  arc  developed  in  cultures  of 
the  cliolera  bacillus  enable  an  expert  bacteriologist  to  distinguish  this  organism  from 
all  other  known  forms.  But  the  scope  of  tills  work  docs  not  permit  a  detailed  descrip- 
tion of  the  cultural  peculiarities  of  the  gi'rm.  Nor  should  the  responsibility  of  such  de- 
terminations be  assumed  without  adequate  preliminary  laboratory  experience.  By 
taking  together  the  morphological  and  biological  charactera,  it  is  possible,  usually  on  the 
second  or  third  day,  to  determine  whether  the  Intestinal  contents  of  a  auspected  case  do 
or  do  not  contain  the  bacillus  of  Asiatic  cholera."  • 

Freveative  Inoculation,  Antitoxic  Cholera  Serum  and  its  Lyaogenic  Action. 

A  large  amount  of  work  has  been  done,  looking  toward  ariiflcial  immunization  of 
man  against  Asiatic  cholera  in  tlie  East  and  preventive  inoculation  practised  by  tlie 
nielhotl  of  HalTklne  appears  to  have  given  encouraging  results.  This  method  consists 
tn  the  subcutaneous  injection  of  cultures  of  the  cholera  bacillus:  first,  those  whose  vini- 
Icnce  has  been  diminished,  and  then,  those  in  which  the  virulence  has  been  exalted  by 
artificial  means, 

Pfeiffer  has  shown  that  the  spirillum  ot  Asiatic  cholera,  put  into  the  peritoneal 
cavity  of  an  ariificially  immunized  guinea-pig,  is  quickly  immobilized,  swells,  and  lic- 
comes  granular  and  soon  disappears.  A  similar  effect  can  be  secured  in  tubes  by  a 
mixture  of  the  antitoxic  serum  and  fresh  xerum  to  which  the  spirilla  are  added.  This 
lytic  effect  of  the  antitoxic  sernm  upon  the  bacteria  has  been  proposed  as  a  test,  on  the 
one  hand,  of  the  spccitic  character  of  a  suspected  spirillum ;  and.  on  the  other,  with  a 
definitely  known  spirillum  to  employ  the  lytic  action  of  the  serum  in  a  suspected  case 
of  disease  an  a  diagnostic  test. 
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Tliis  bacteriolytic  action  at  spi-ciflc  sera  is  not  peculiar  to  tlic  Ho-callR<l  auti-cliolera 
aerum,  but  baa  been  observed  in  oUier  cases — (or  example,  in  typhoid  seruni  witL  Ibe 
typbold  bacillus.  Its  nature  aud  its  bearing  on  immunity  have  been  considered  in  ao 
earlier  section  of  tbis  boob  (see  p.  181). 

Other  Spirillft  Bat  ambling  the  Cholera  Spirillum. 

Tbere  are  sevi'Tul  fairly  distinct  forms  of  spirilla,  some  of  which  appear  to  be  re- 
lated to  the  cholera  organism,  which  have  been  occasionally  found  in  various  situations. 
One  of  these  is  the  so-called  Vibrio  proteai  or  spirillum  of  Pinklcr  and  Prior.  This 
organism  nas  found  by  these  observers  in  the  dejecta  of  persons  suffering  from  cholem 
nosti'as,  shortly  after  the  discovery  by  Koch  of  the  cholera  spirillum,  which  at  first  it 
was  thought  closely  to  resemble.  The  cultural  characters,  however,  abundantly  suffice 
to  differentiate  the  organisms.  The  Vibrio  proteus  Is  slightly  pathogenic  for  certain 
lower  animals,  but  not  for  man. 

Several  forms  of  spirilla  of  somewhat  similar  general  cbaractera  have  been  found  In 
various  situations;  thus  in  cheese,  by  Denecke,  S.  tyrogenum;  in  a  chicken  epidemic 
and  in  sewage,  by  Oamaleia  and  by  Pf uhl.  Vibrio  MeUohnikovi ;  in  the  dejecta  during 
a  cholera  epidemic  at  Massawah,  Vibrio  Magsatcah,  etc.  SptriUiim  tputigenum.  of  fre- 
quent occurrence  about  the  teeth  and  In  the  saliva  of  healthy  persons,  is  not  pathogenic. 


T  U  DEKCUIiOSIS. 

Tubercnlosia  is  an  infectioiis  disease  characterized  by  iDflammatory 
and  necrotic  processes  in  the  body  and  incited  by  the  presence  and 
growth  of  the  Bacillns  tuberculoma  (tubercle  bacillus).  The  most  dis- 
tinctive morphological  feature  of  tuberculosis  is  the  development  under 
the  inflneuce  of  the  tubercle  bacillus  of  larger  aud  smaller  gray  or  white 
or  yellow,  fimi  or  friable  masses  of  tissue  called  tubercles. 

The  effect  on  the  body  cells  of  the  presence  and  growth  of  the  tubercle 
bacillus  varies  considerably,  depending  upon  the  number  and  virulence 
of  the  germs  present,  the  character  of  the  tissue  iu  which  they  lodge,  and 
the  vulnerability  of  the  individual.  In  general,  it  may  be  said  that 
tubercle  bacilli  may  stimulate  the  connective-tissue  cells  in  their  vicinity 
to  proliferation ;  or  they  may  excite  emigration  of  leucocytes  from  blood- 
vessels aud  lead  to  the  production  of  other  exudates;  or  they  may  cause 
death  of  tissue.  Thus  the  phases  of  inflammation  which  are  excited  by 
the  tubercle  bacillus  are  productive,  exudative,  and  necrotic.  The  tuber- 
cle bacillus  may  incite  these  changes  separately  or  simultaneously,  iu 
the  sequence  just  indicated  or  in  some  other;  aud  now  one,  now  another 
of  them  may  preponderate. 

Morphology  of  the  Lesioks  of  TuBERrfLosis. 
Tuberculosis  manifests  itself  most  often  in  the  form  of  an  Inflamma- 
tion affecting  some  one  part  of  the  body,  as  the  lungs  and  brouchial 
lymph-nodes  (the  parts  most  frequently  inxolved  in  adults),  the  gastro- 
intestinal tract  or  the  skin — "localized  tuberculoms."  In  a  cousidemble 
proportion  of  cases  the  local  lesions  induced  by  the  tubercle  bacillus 
are  in  the  form  of  circnmscribed  nodules  or  mas.ses  of  new-formed  cells 
or  tissue  which  are  called  tubercles,  or  if  small  miliary  tuberdea.' 

e  bctwet'D  small 
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Sach  a  localized  tuberculosis  may  retain  throughout  the  characters 
of  a  local  iaflammatiou,  or  it  may  be  accompanied  by  the  clinical 
evidences  of  systemic  infection.  It  may  give  rise  through  metastasis 
to  the  successive  development  of  tuberculous  inflammations  in  other 
I>art8  of  the  body,  or  to  a  sudden  development  of  small  foci  of  tubercu- 
lous inflammation  iu  many  parts  of  tlie  body  at  the  same  time — general 
miliary  tuhertmloais. 

A.  general  infection  may  occur  by  the  diffusion  through  the  body  of 
bacilli  derived  from  a  local  tuberculosis,  such  as  tuberculous  phlebitis  or 
arteritis,  tuberculous  iuflammatiou  of  the  thoracic  duct,  or  from  the 
breaking  into  a  vessel  of  a  tuberculous  lymph  node.  It  is  probably 
seldom  that  a  sufBcient  number  of  tubercle  bacilli  enter  the  blood  chan- 
nels at  ouce  to  account  for  the  enormous  number  of  tubercles  which  are 
sometimes  found  in  acute  general  miliary  tuberculosis;  but  it  is  not  un- 
likely that  from  the  earliest  formed  tuberdes  which  develop  in  the  walls 
of  tlie  smaller  blood-vessels  new  distribations  of  bacilli  may  speedily 
take  place.' 

In  many  cases,  however,  the  lesion  is  not  focal  or  circumscribed  but 
diffuse,  and  more  or  less  widely  infiltrates  or  replaces  the  tissues  in- 
volved.    This  is  called  diffuse  tuberculous  injhmmation. 

Hillary  Tuberdes. — Miliary  tubercles  are  small  nodules  of  irregular 
shapes  (Plates  IV.,  VI.,  and  VII.),  the  smallest  hardly  visible  to  the 
naked  eye.  The  smaller  tubercles  are  gray  and  translucent;  the  larger 
are  usually,  especially  in  the  central  parts,  opaque  and  white  or  yellow 
on  account  of  the  necrosis  which  is  apt  to  commence  here. 

In  studying  the  reaction  of  the  living  tissues  to  the  tubercle  bacillus 
it  should  be  always  borne  in  mind  that  while,  as  a  whole,  the  lesions 
produced  are  quite  characteristic,  there  is  still  no  one  structural  feature 
or  combination  of  features  of  tubercles  or  tuberculous  inflammation  which 
is  absolutely  distinctive  of  the  action  of  this  bacillus.  Iu  doubtful  cases 
the  demonstration  of  the  presence  of  the  germ  itself  may  be  necessary  for 
the  establishment  of  the  character  of  the  lesion." 

The  experimental  studies  in  animals,  as  well  as  the  morphological 
data  gathei'ed  from  the  examination  of  tuberculosis  in  man,  show  that 

applicil  to  tiibeniles  wlik'b  are  very  much  larger  as  well  as  to  those  whicli  arc  reiy 
much  amaller  thao  millet  seeds.  It  is  convenient  to  designate  a  smali  mass  of  new 
tissue  fonncd  under  the  intluence  of  the  tubercle  bacillus,  whatever  its  minute  struc- 
ture, as  a  taberde  grtnialiim  (see  Fig.  113),  Very  frequently  two  or  more  tubercle 
granule  are  joined  together  by  a  more  diffuse  formation  of  tul)ercle  tissue  to  form  larger 
or  smaller  miliary  tulwrcles — conglmiteraU  tubercles  (sec  Jig.  118). 

■  It  is  well  in  the  endeavor  to  understand  the  occurrence  of  general  miliary  tuber- 
culosis or  of  the  less  striking  instances  of  distribution  of  the  bacilli  that  two  varying 
factors  are  constantly  active  and  signiUcant ;  first,  the  virulence  of  the  bacillf,  which  may 
be  slight  or  extreme;  and,  second,  the  vulnerability  of  the  infected  Individual— i.r.,  hu 
"pRKlisposition" — which  also  may  he  slight  or  extreme.  Thus  the  distribution  of 
bacilli,  be  these  few  or  many,  from  an  infective  focus,  may  be  in  different  individuals 
or  at  different  times  In  tlie  same  individual  of  quite  different  signiflcance. 

For  a  critical  resume  of  the  etiology  and  mode  of  origin  of  miliary  tul>ercles,  with 
bibliography,  see  Bendn.  in  Lubarsch  and  Ostertag's  " Ergebnisse, "  Jahrgang  v.,  p.  447. 

'  The  term  tuhercU  li»»w.  which  is  In  common  use,  indicates  a  tissue  formed  under 
the  influence  of  the  tubercle  bacillus  rather  than  a  tissue  which  is  morphologically  chia- 
Bcteristic  of  tulierculosis  in  distinction  from  other  forms  of  new  tissue. 
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vhen  tubercle  bacilli  in  moderate  uumbers  lodge  and  develop  in  the  liv- 
ing body  one  of  the  early  local  effects  is  a  proliferation  of  the  connective- 
tissue  and   endothelial   cells.'     These 
become   lai^er  and    polyhedral,  with 
conspicuous  nuclei  (Fig.  117). 

A  new  reticulum  or  stroma  may 
fonn  hand-in-hand  with  the  growth  of 
these  new  cells,  or  the  old  stroma  may 
l)ersi.st,  adapting  itself  in  form  and 
arrangement  to  the  new  conditions. 
I  Either   after  the   connective- tissue 

cell  proliferation  or  hand-in-haud  with 
it,  or  preceding  it,  or  altogether  inde- 
pendently of  it,  emigration  of  leuco- 
T^^  ,1-    .  =„..,  u,...=>  T,-.,™,.,,         cytes  and  extravasation  of  serum  may 
take  place   from  blood-vessels  in   the 
vicinity  of  the  germs.      Duriug    the 
more  or  less  active  cell   proliferation 
which  occurs  under   the   influence  of 
the  tulwrcle  bacillus  multlnuclear  cells 
— giant  cells — may  be  formed  (Pig.   118),  either  by  persistent  nuclear 
division  in  growing  protoplasmic  masses  which  do  not  divide  into  sepa- 
rate cells,  or  by  the  coalescence  of  the  bodies  of  cells  already  formed. 


Tbls  la  RTowlnK  la  Ihe  liver:  Is  composed 
moaltji  of  Der-fonned  pol;bednii  cells  closel; 
packed  wlCb  Uuie  iDlereellular  stroma.  A( 
ibe  centre  coaguliUon  necrwls  la 


no.  IIH.— A  HlLlXltr  TTBKBCLE  ITITH  GlANT  CELt& 


le  Bhowlnft  roagulitl 


More  or  less  new  tissue  with  numerous  small  R])heroidal  nionouuctear 
cells  and  little  stroma  may  form  in  and  about  the  tuberculous  foci. 

'  The  studies  of  Weduberg  iodicatc  that  Id  some  cHSoa  fit  least  tlie  first  cSect  of  tho 
tubercle  bacillus  upon  the  living  tissue  is  destructive,  so  that  the  ctiaracterisllc  cell  pro- 
liferation which  follows  may  not  be  altogether  due  to  n  direct  formative  stimulus  to  cell 
proliferation  furnished  by  the  baeillUB.  See  Wfeli*/)frg,  "  Beitrilge  zur  Lehr.  v.  d.  primfiren 
ElDWirkimg  des  TuberkelbacilluB,"  Ziegler's  Beilrfigc  zur  patli.  Auat,,  Bd.  zxix.,  1901. 
See  further  nerxheim^;  Ziegler's  Beiir,  Bd.  nxlii.,  p.  803,  Bibl. 
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Bloodvessels  are  not  apt  to  develop  under  the  influence  of  the  tubercle 
bacillus.  Old  blood-vessels  are,  on  the  other  baud,  usually  obliterated 
as  the  new  tissue  forms. 

Sooner  or  later,  uuder  the  iufluence  of  the  tubercle  bacillus,  there  ia 
usually  a  damage  of  cell  and  tissue,  which  may  lead  to  coagulation  necro- 
sis in  the  new-formed  as  well  as  iu  the  old  tissue  of  the  iufeeted  region. 
This  necrosis  is  more  apt  at  first  to  manifest  itself  in  the  central  portions 
of  the  tuberculous  foci  (Fig.  119)  and  may  progress  outward;  the  nuclei 
become  fragmented  or  disappear,  or  fail  to  stain  iu  the  usnal  way,  the 


Fig.  119.— a  Nfliary  Tubuicuc  in  the  lcno. 
Bhowlne  poljbedra]  cells,  small  spberoldal  cells,  and  glsntrells.  wlUi  dMRUlsUon  necrosis  at  IhecMilre. 

protoplasm  becomes  more  homogeneous,  and  cells  and  stroma  form  at 
last  an  irregularly  granular  mass  of  ti.ssue  detritus  which  tends  to  disin- 
tegrate (coagulation  necrosis,  cheesy  degeneration,  caseation),  forming 
ca\'ities  or,  if  on  free  surfaces,  ulcera. 

As  coagulation  necrosis  progresses,  the  tubercle  masses  lose  the  gray 
ti'anslucent  appearance  which  in  their  early  stages  they  are  apt  to  pre- 
sent to  the  naked  eye  and  t>ecome  more  opaque  and  of  yellowish -white 
appearance  at  the  centi-es. 

Finally  dense  fibrous  tis.sue  may  form  in  and  about  foci  of  tuberculous 
infiammaliou,  encapsulating  or  sometimes  entirely  replacing  the  inoro 
characteristic  new-formed  structures.  It  is  in  tliis  way — by  the  forma- 
tion of  connective  tissue — tliat  such  repair  as  is  possible  after  local  tuber- 
culous inflammation,  is  brought  about  (Fig.  28)1,  p.  508). 
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Before  the  discovery  of  the  tubercle  bacillus  and  while  knowledge  of 
the  lesious  of  tuberculosis  was  largely  limited  to  their  morphology,  it 
was  uatural  that  much  stress  should  be  laid  upon  the  variety  in  structure 
which  the  uodnlar  growths  called  tubercles  present,  and  that  elaborate 
classifications  and  groupings  of  tubercles  were  often  deemed  important. 

With  an  exact  knowledge  of  the  excitant  of  the  new  growths  and  of 
the  varying  phases  of  their  development  in  the  body,  the  morphological 
peculiarities  of  tubercles  are  not  now  to  be  r^arded  as  of  such  extreme 
signifioance,  since  they  for  the  most  part  indicate  simply  variations  in  the 
local  effect  of  a  definite  poison.  These  variations  arc  due  as  wc  ha^'e 
seen  (o  differences  in  the  amount  and  intensity  of  the  jtoison,  to  the  degree 
of  susceptibility  of  the  individual,  to  the  structure  of  the  particular  tissue 
or  organ  involved,  and  to  the  extent  and  variety  of  local  complications 
caused  by  other  agencies. 

It  is,  however,  usually  convenient  and  sometimes  important  to  recog- 
nize stroctural  tj"pes  in  miliary  tubercles.  Thus  they  may  be  compased 
wholly  of  small  spheroidal  cells — "ii/mphoid  tabercleii,"  or  of  larger  poly- 
hedral cells'  "polffhedral-celledti^ercles,"  or  of  both  forms  of  cells  together 
and  with  or  without  a  new-formed  stroma;  or  of  any  of  these  combina- 
tions with  giant  cells.  Then  coagulation  necrosis,  which  may  occur  in 
tubercles  of  any  type ;  development  of  new  dense  connective  tissue ;  as- 
sociation with  various  phases  of  simple  exudative  inflammation— ^11  of 
these  contribute  to  the  variety  in  the  structural  types  of  miliary  tuber- 
cles. 

Siffiise  TnbflTooloas  Inflammation  (Diffiue  Taberde). — 1.  If  the  infec- 
tion with  tubercle  bacilli  be  extensive,  or  if  step  by  step  the  bacilli  are 
distributed  iu  the  tissues  about  the  primary  seat  of  infection,  consider- 
able amounts  of  tubercle  tissue  of  one  or  other  form  may  develop  and 
pass  into  the  condition  of  coagulation  necrosis,  so  that  at  length  large 
necrotic  masses,  with  a  comparatively  small  amount  of  well-defined 
tubercle  tissue,  either  diffuse  or  in  the  form  of  grauula,  may  alone  re- 
main to  indicate  the  character  of  old  and  slowly  progressive  local  infec- 
tion. Tbisform  of  lesion  is  found  iu  the  large  tuberculous  masses  in  the 
brain,  iu  the  mucous  membrane  of  the  bronchi,  in  large  flat  masses  on  the 
serous  membranes,  and  in  the  diffuse,  cheesy  infiltration  of  the  lymph 
nodes,  kidneys,  ureters,  bladder,  prostate,  testicle,  and  uterus. 

These  large  areas  of  tuberculous  inflammation  are  apt  to  be  white  or 
yellow  in  the  central  and  necrotic  portions,  which  are  sometimes  dense, 
compact,  and  hard,  sonielimes  soft  and  friable.  These  areas  are  not  in- 
frequently surrounded  by  an  irregular  gray  zone  of  tubercle  tissue  or  by 
a  dense  fibrous-tissue  capsule. 

2.  In  marked  contrast  with  the  plnuse  of  diffuse  tuberculous  inflam- 
matiou.  jnst  described,  though  often  a-ssocialed  with  it,  is  that  in  which 
the  formation  of  inflammatorj-  exudates  is  a  prominent  feature.  Thin 
exudative  form  of  tubeix-ulous  inflaninialion  is  iH'st  exemplifled  in  the 
c  regnnk-d  by  many  as  so-callLil  "  pUiKiiia  cells  "  (■-■'.■i; 
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liingB  by  some  of  the  forms  of  acuta  phthisis  (see  page  513).  The  tuber- 
cle bacillns  is  under  certain  cooditionB  markedly  pyogeoic,  and  when  it 
rapidly  develops  in  the  air  spaces  of  the  lungs  or  suddenly  gains  access 
to  them  in  large  quantities  pus,  serum,  fibrin,  and  exfoliated  or  prolifer- 
ated epithelial  cells  may  collect  in  and  largely  fill  the  air  spaces,  and  then 
the  whole  new  exudate  aud  the  old  lung  tissue  may,  over  larger  or  smaller 
areas,  rapidly  undergo  coagulation  necrosis.    (Plates  VIII.  and  X.) 

Thus  in  one  phase  of  tuberculous  inflammation  the  intensity  and 
rapidity  of  the  local  poisoning  by  the  bacillus  do  not  permit  of  the 
formation  of  organized  new  tissue  at  all,  but  only  of  exudative  products 


— EXUDATITE  roan  OP  TlIBEItCCLOUa  iNrLll 


From  Uie  lung  ol  >  cbUd.   The  alie  ol  Ibe  bMUII  bu  been  allgbtly  eiinteraled  In  Uie  cut. 

which  are  apt  soon  to  become  necrotic  (Fig.  120).  Less  intense  degrees 
of  exudative  inflammation  are  liable  to  develop  iu  the  vicinity  of  miliary 
tubercles  anywhere  in  the  body. 

Oharactera  of  the  Tubarde  Bftcilliu. 

The  bacillus  tuberculosia  is  a  long,  steniler  bacterium  varying  in  length  from  3  to 
4  f  (from  one-quarter  to  one-batf  tbc  diameter  of  a  red  blood  cell)  and  in  breadth  from 
0.3  to  0.5  f.  It  is  frequeDtly  more  or  less  curved,  aad  the  individual  bacilli  may  cling 
together  end  to  end,  forming  threads  or  chains.     It  may  occur  in  braoching  forms.' 

The  bacillus  (Fig.  131)  is  staiacd  with  difficulty  by  the  onilin  dyes  (see  below),  and 

■  Branching  forms  of  the  tubercle  bacillus  have  been  frequently  seen,  and  while 
their  slgDiScance  is  not  yet  altogether  clear,  the  tendency  at  this  time  Is  to  separate  this 
organism  with  the  diphtheria  t)Beillus  and  the  so-called  streptothrix  or  actinomyces 
forms  into  a  group  apart  from  the  bacilli.  Whether,  as  mauy  think,  they  are  more 
closelv  allied  to  tile  moulds  than  to  the  bacteria,  or  whether  they  should  be  considered 
in  a  clas3  by  themselves  are  problems  still  unsolved.  For  the  present,  we  may  wisely 
consider  the  tubercle  bacillus  as  one  of  the  bacteria. 

For  stuciii^s  and  bibliography  on  this  eublect,  consult  Sehiiize,  Zeitscbrift  f.  Infec- 
tioos-KrankJieiteD,  Bd.  xxxi,,  p.  158,  1999;  and  LubarKh,  ibid.,  p.  187. 
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when  Btained  often  presenU  an  irregular  beaded  or  knobbed  appearance,  due  to  an  un- 
evenness  in  the  coloring  of  the  protoplasm,  or  to  involution  changes  It  is  fmmobile 
and  spores  have  not  been  demonstrated 

At  the  temperature  of  the  body  it  iTP=^^   ' 

can  be  grown  on  many  of  the  artificial  '*  '    t-.        . 

culture  media. 

The  growth  of  the  tubercle  bacillus  _^ 

in  cultures  Is  very  slow  in  comparison  '     '  *■       ^^  \^^^, 

with  (hat  of  most  of  the.  pathogenic  ^i* 

micro-organisms.    After  several  weeks' 

growth   it   forms   dry,  scaly  masses  or  ji, 

thin,  wrinkled  pellicles  on  the  surface  \f  f;"!,"      r 

of  the  media  (Pigs,  122  and   138).      It  '^r^i' 

requires  a  certain  amount  of  oxygen  for  M^      * 

its  growtii,  and  thrives  best  in  the  dark.  •"  ■■     *" 

It  is  killed  by  an  exposure  of  a  few  ~'     - 

hours  to  direct  sunlight,  or  if  moist  is 
killed  by  an  exposure  of  from  ten  to 
fifteen  minutes  to  70°  C.  On  the  other 
hand,  it  may  long  retain  its  vitality  in 
the  dried  condition. 

Cultures  can  be  continued  Indefi- 
nitely from  generation  to  generation  with 
a  slowly  diminishing  virulence  which 

finally  is  largely  lost.  Under  certain  conditions  the  virulence  may  be  restored  or  en- 
hanced by  succesdve  inoculations  into  susceptible  aoimals. 

The  tubercle  tmclllus  does  not,  so  far  as  we  know,  grow  in  nature  outside  of  the 
bodiesof  men  and  c^lain  warm-blooded  animals.    It  is  thusappareotly  strictly  parasitic. 

-l^ethods  of  Staining  the  Tubercle  Bacilloa. 

In  Fluids. — For  the  examination  of  fluids,  such  as  sputum,'  etc.,  the  material 
should  be  spread  in  a  thin  layer  on  a  cover  glass,  dried  in  the  air,  and  then  passed  thrice 
through  the  flame  (see  page  158). 

While,  as  has  been  said  above,  the  tubercle  bacillus  is  stained  much  less  easily  with 
the  anilin  dyes  than  are  most  bacteria,  it  can  be  deeply  colored  by  the  use  of  accessory 
agents  which  intenwfy  the  stains  or  render  the  protoplasm  of  the  bacilli  more  accesdble 
to  them.  But  when  once  stained  the  tubercle  bacillus  clings  with  great  tenacity  to  its 
color  in  the  presence  of  the  usual  decolorizing  agents. 

A  variety  of  methods  are  invogue  for  staining  the  tubercle  bacillus,  most  of  them 
being  more  or  less  unessential  modiflcations  of  the  original  process  formulated  by  Koch 
and  Ehrlich.  Ziebl's  solution  is  among  the  most  useful.  This  is  made  by  adding  to  a 
five-per-cent  aqueous  solution  of  carbolic  acid  about  one-tenth  its  volume  of  saturated 
alcoholic  solution  of  fuchrin.    This  carbolic  fuchsin  will  keep  unchanged  for  a  long  time. 

The  prepared  cover  glass  is  floated  in  a  watch  glass  or  porcelain  capsule — specimen 
side  down— on  this  coloring  fluid,  and  gently  heated  almost  to  boiling  for  from  three  to 
Ave  minutes. 

The  entire  specimen  is  thus  completely  stained,  tubercle  bacilli,  tissue  elements,  and 
other  bacteria  which  may  be  present,  all  in  the  same  way.  The  next  step  is  to  remove 
the  color  with  acid  from  all  the  structures  which  may  be  Intermingled  with  the  tubercle 
bacilli;  the  latter,  owing  to  the  tenacity  with  which  they  retain  the  color,  t«ing  but 
slightly  affected.  This  is  done  by  dipping  the  cover  glass  into  an  aqueous  or  alcoholic 
solution  of  flve-per-ceut  sulphuric  acid,  and  shaking  it  about  for  a  few  seconds.    Under 

'  It  is  well  In  obtaining  sputum  for  examination  ii 
tuberculosis  to  secure  that  which  I  '  --'--''--■- 
early  morning  discharge. 
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the  Influence  of  the  acid  tlic  specimen  od  liie  cover  glass  loses  its  red  color  and  becomes 
gray  or  colorless.  It  la  tlien  thoroughly  rinsed  iu  tliree  or  four  successive  portions  of 
alcohol,  and  finally  in  water.  By  this  manipulation  the  red  color  may  be  to  a  slight 
extent  restored. 

Cai-e  should  be  talien  not  to  expose  the  specimen  too  long  to  the  action  of  the  add. 
because  then  the  bacilli  may  be  also  partially  or  completely  decolorized.  A  little  ex- 
perience will  enable  the  experimenter  to  judge  of  the  proper  time  for  the  action  of  the 

J 


acid.     The  specimens  may  be  studied  in  water  with  the  use  of  an 

and  the  Abbg  condenser,  or  they  may  be  dried  in  the  air  and  mounted  in  Inlsam  before 


Inasmuch  as  not  Infrequently  some  other  bacteria  besiiles  the  tubercle  bacilli  retain 
a  slight  red  color,  it  is  well,  after  tlic  specimen  is  rinsed  in  water,  to  float  the  cover 
glass  for  a  few  minutes  in  a  dllnte  aqueous  solution  ot  methylene  blue,  which  will  re- 
)ilace  the  red  color  in  all  of  the  bacteria  except  the  tubercle  Uicilli  and  which  might  be 
mistaken  for  it.  forming  a  marked  color  contrast  between  them.  The  contrast  stain 
should  not  be  intense. 

Is  Sumoxi?. — Thin  sections  of  tuberculous  tissue  which  has  been  hardened  In  alco- 
hol are  stained  in  the  same  way,  except  that  instead  of  drying  and  fixation  by  heat  the 
sections  should  lie  fixed  to  the  cover  gliiss  by  means  of  the  albumin  fixative  (see  page 
iil),  and  then  cover  glass  and  section  arc  maulpulated  together. 

When  differentiation  is  complete  the  section  Is  cleared  in  oil  of  origanum  and 
mounted  in  Imlsam. 
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For  purposes  of  simple  recogniliou  of  the  bacilli  Id  sections  it  seems  to  the  writer 
usually  better  to  have  no  color  in  the  preparation  otiier  tlian  that  which  the  tubercle 
bacilli  possess.  But  il  is  often  convenient  lo  liemimstrale  the  nuclei  of  Ihe  cells  at  the 
same  lime,  and  this  may  be  accomplished  by  staining  lightly  afterward  with  a  dilute 
Boluiion  of  some  color  which  will  contrast  with  that  of  the  bacilli,  such  as  mclliylene 

In  the  ciamination  of  vrine  for  the  presence  of  the  tubercle  bacillus  it  is  well  to 
collect  the  sediment  by  means  of  a  centrifugal  machine.  In  the  examination  of  milk, 
or  other  fat -containing  fluids  for  tubercle  bacilli,  it  is  well,  after  the  film  tias  l>een 
formed  upon  the  cover  glass  and  l>efore  staining,  to  rinse  with  cliloroform  followed  by 
alcohol,  and  this  by  water. 

Occasionally  one  finds  in  urine  acicutar  crystaUluc  bodied  considerably  resembling 
the  tubercle  bacillus  in  size  and  shape,  and  retaining  a  red  color  after  the  decolor! zatlon 
of  the  specimen.    A  careful  study  of  the  form,  however,  will  sufflce  to  prevent  mistakes. 

The  only  other  bacilli  whicli  are  liable  to  be  mistaken  for  the  tubercle  bacilli  are 
the  bacillus  of  leprosy  and  the  so-called  smegma  bacillus  which  sometimes  occurs  be- 
neath the  prepuce.  The  lepra  bacillus  may  be  distinguished  from  the  tuliercle  bacillus 
by  the  following  differential  staining  process:  If  the  lepra  bacillus  be  stained  for  ten 
minutes  in  a  dilute  alcoholic  solution  of  fuchsin  (Bve  drops  of  saturated  alcoholic  solu- 
tion of  fuchsia  lo  3  c.c.  of  water),  and  then  rinsed  for  a  few  seconds  in  a  solution  of 
nitric  acid  (one  part)  in  alcohol  (ten  parts),  it  will  retain  a  red  color,  while  under  the 
same  treatment  the  tubercle  ttacillus  remains  uncolored.  For  dlffereutisJ  stains  for  the 
smegma  bacillus  see  page  358, 

Varieties  of  TubarcU  Bacilli. 

White  many  of  the  lower  mammalia  arc  susceptible  to  inoculations  with  tubercle 
bacilli  derived  from  man.  the  bacilli  obtained  from  spontaneous  tuberculous  lesions  in 
the  lower  animals  may  present  noteworthy  varialions  in  form  and  growth  from  the 
human  type.  Thus  Theobald  Bmith  and  others '  have  pointed  out  marked  peculiarities 
of  the  bovine  l>acllhis  which  would  lead  to  the  conjecture  that  though  not  a  separate 
apedea  it  is  probably  a  distinct  variety  of  the  organism. 

Still  more  marked  arc  tlie  differences  between  mammalian  and  avian  or  bird  tuber- 
cle bacilli.  Whether  in  this  case  also  the  differences  are  to  be  regarded  as  spccilic  or 
within  the  limits  of  variational  sway  is  not  yet  clear.  Although  the  subject  is  impor- 
tant from  the  standpoint  of  prophylaxis  and  interesting  from  the  point  of  view  of  the 
variations  of  tmcteria  under  changes  of  environment,  the  attempts  by  experimental 
means  to  convert  one  form  into  the  other  have  thus  far  been  too  few  to  lead  to  defluite 
conclusions. 

Tuberculin. 

When  the  tul)erclc  bacillus  is  grown  on  glycerinated  nutrient  broth  certain  meta- 
bolic products  are  formed  and  pass  into  solution  in  the  fluids.  It  after  some  weeks  of 
vigorous  growth  Ihe  germs  are  separated  by  filtration  and  liie  brotli  is  concentrated  by 
evaporation,  a  dark-brown  fluid  results  which  is  called  tuberculin.  This  sulistnncc — at 
one  time  believed  by  nmny.  and  still  by  a  few  observers,  to  possess  distinct  curative 
properties  in  certain  forms  of  tutterculosia — has  assumed  great  economic  importance  on 
account  of  its  value  as  a  diagnostic  agent  in  bovine  tuberculosis.  For  if  admlnistererl 
subcutaneously  in  small  quantity  to  cattle,  a  marked  temperature  reaction  foiloiiBin 
tuberculous  animals,  while  those  which  are  sound  are  unaffected.  The  existence  of 
even  very  slight  lesions  may  be  detected  in  this  way.  In  man  also  tuberculin  has  proved 
of  value  in  cases  in  which  the  efforts  to  establish  a  diagnosis  by  the  usual  method  have 

Action  of  Dead  Tubercle  Bacilli. 

It  has  I>een  found  that  tubercle  bacilli  which  have  been  killed  by 
boiling  or  otherwise,  when  introduced  into  the  body  of  the  rabbit  either 
tteneath  the  skin,  or  into  the  serous  cavities,  or  into  the  blood- vessels  und 
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the  air  spaces  of  the  langs,  are  capable,  as  they  slowly  difdntegrate,  of 
stimnlatii^  the  cells  of  the  tissnes  ■where  they  lodge  to  proliferation, 
and  to  the  production  of  new  tissue  morphologically  similar  to  tuhercle 
tissue  in  its  various  phases '  (Fig.  124).     Kecrosis  of  the  new -formed 


Kt  LiviR  or  mi  lUBBn  indvcu  « 

THE  iHTRlTKNOnS  INJECTION  Or  DEAD  TiTBIEtCLE  BACILLI. 

H««t  of  me  dnd  bkcillL  lu 
oeUg 

cells  may  occur,  but  this  differs  in  some  respects  from  the  coagulation 
necrosis  induced  under  the  usual  conditions.  Dead  tubercle  bacilli  are 
also  markedly  chemotactic  and  capable  of  causing  local  suppuration  and 


It  would  seem  probable  then  that  while  the  power  of  the  tubercle 
bacillus  to  induce  necrosis  and  the  fever  which  in  many  cases  indicates  a 
systemic  intoxication  may  be  due  to  metabolic  products  of  the  living 
germ,  the  local  lesions  characteristic  of  exudative  and  productive  inOam- 
mation  may  be  due  to  a  peculiar  bacterial  proteid  which  is  set  free  by  the 
disintegration  of  the  bacilli  in  the  tissues. 

Complex  Factora  in  tlie  Tubercnlout  ProceH. 
It  is  well  In  studying  tbe  characters  of  tuberculoua  iDflammattoD  to  remember  that 
Id  its  progressive  phases  there  are  two  factors  at  work :  first,  those  which  lead  to  cell 
proliferation  aad  oew  tissue  formatioa,  which  is  apparently  a  reparative  and  conserva- 
tive process;  second,  those  which  are  inhibitory  or  damaging  or  destructive  i  and,  flnally, 
that  both  sets  of  factors  are  commonly  active  together.     It  may  still  be  considered  doubt- 

'  For  further  details  concerning  the  effects  of  dead  tubercle  bacilli  In  the  body  see 
Pnidden  and  Hodenpyl,  K  Y.  Meil.  Jour.,  June  6th  and  aOth,  1891,  and  Pniddni.  tbid.. 
December  Blh,  1891.  For  summary  of  later  work,  with  bibliography,  see  Herxheimtr, 
Ziegler's  Beitr.,  Bd.  xxxiii.,  p.  808. 
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fill  whether  the  tubercle  bacillus  furnishes  a  direct  formative  stimulus,  or  whether  such 
iafumiahed  bj  damaged  cells,  or  whether  the  cell  proliferalioo  may  not  be  an  expression 
of  reparative  activity  in  the  presence  of  damaged  tissue  made  possible  by  disturbed 
organic  control,  see  page  802.  In  any  event  the  new  tissue  whicb  forms  under  the  in- 
flueoce  of  the  tubercle  bacillus  apparently  owes  its  morphological  as  well  as  biological 
characteristica  to  impulses  towaid  tissue  formation  which  are  exerted  in  the  presence  of 
agencies— doubtless  poisons— restraining  within  narrow  bounds  the  new  connective- 
tissue  growlh,  no  matter  how  extensive  or  persistent  this  may  be,  and  tending  con- 
stantly to  its  destruction. 

It  is  interesting  In  this  connection  (o  note  that  when  lesions  in  many  respects  simi- 
lar to  those  of  the  ordinary  tuberculosis  are  induced  ex perimeo tally  in  animals  with 
dead  tubercle  bacilli  (see  above),  the  poisonous  substanc«s  leading  to  necrosis  are  not 
produced  continually  and  for  indefinite  periods,  as  is  the  case  in  infection  with  living 
bacilli,  but  are  soon  exhausted,  so  that  after  a  certain  amount  of  initial  necrous  the  new 
tissues  go  on  to  develop  in  the  usual  reparative  way,  blood-vessels  are  formed,  and  heal- 
ing by  a  cicatrix  under  favorable  conditions  regularly  takes  place.  It  is  probable  that 
effective  healing  in  tuberculosis  in  man  takes  place  only  after  the  local  production  of 
destructive  poison  ceases  through  the  death  or  diminished  virulence  of  the  tubercle 
bacilli  present. 

The  Number  of  Tubeecle  Bacilli  in  Lesions. 

The  number  of  bacilli  vhicli  are  present  in  the  lesions  of  tuberculosis 
is  subject  to  great  variation.  They  are  usually  abundant  in  the  walls 
and  contents  of  phthisical  cavities,  and  in  tubercle  tissue  vhich  is  under- 
going cheesy  degeneration  and  disintegration.  In  these  situations  they 
may  be  found  in  myriads,  forming  sometimes  a  lai^  part  of  the  disia- 
tegrated  mass.  They  are  found  in  cells  and  scattered  among  them. 
Sometimes  they  are  present  In  considerable  numbers  in  the  glaut  cells  of 
miliary  tubercles.  In  the  acute  general  tubercoloeis  of  children  they 
are  often  present  in  lai^e  numbers,  particularly  in  the  lungs  (Fig.  120), 
They  may  be  found  in  tuberculous  inflammation  in  any  part  of  the  body, 
and  have  been  seen  in  the  blood.  The  bacilli  are  almost  constantly  dis- 
chai^ed  in  the  sputa  of  patients  suffering  from  pulmonary  tuberculosis, 
often  in  enormous  numbers — from  one  to  four  billion  in  twenty-four  hours, 
according  to  Kuttall's  estimate — and  their  presence  sometimes  affords 
valuable  diagnostic  add  in  early  st^es  of  obscure  forms  of  the  disease. 

Under  a  variety  of  conditions,  especially  in  the  older  tuberculous 
lesions,  the  bacilli  may  not  be  demonstrable.  This  apparent  occasional 
absence  of  the  bacilli  is  probably  due  either  to  their  disappearance  as 
the  process  grows  older,  or  to  some  unknown  changes  which  interfere 
with  the  ordinary  steJuLng  procedures. 

FSEQimifCr  OF  TUBEECULOSIS  IN  MAK  AND    THE    LOWEB    ANIMAIB. 

Tuberculosis  is  a  very  common  disease  not  only  of  man'  but  also  of 
many  of  the  lower  animals,*  especially  of  cattle,  and  inasmuch  as  the 

'  Carefully  prepared  statistics  show  that  tuberculous  lesions  ai 
in  more  than  ninety  per  cent  of  the  cases  examined  at  autopsies. 
and  suggestive  analysis  of  five  hundred  autopsies  A'aegeli,  Vircbow's  Archiv, 
p.  428,  1900. 

*  For  bibliography  of  animal  tuberculosis  sec  Eber,  Lubarsch  and  Ostertag's 
nlsse,"  Jahrg,  iv.  for  1897,  p.  869 
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victims  of  this  disease,  both  men  and  animals,  are  apt,  as  stated  above, 
to  throw  off  enormous  numt>ers  of  the  bacilli  iii  the  sputum  and  other 
excreta,  the  germ  is  widely  dispersed  in  inhabited  regions,  especially  in 
buildings  frequented  by  uncleanly  tuberculous  persons  or  by  infected 
cattle. 

Among  the  lower  animals,  guinea-pigs,  rabbits,  monkeys  in  confine 
ment,  and  cattle  are  particularly  susceptible  to  tlie  action  of  the  tubercle 
bacillus.  Although  tuberculosis  is  widespread  in  man,  he  is  not,  as  com- 
pared with  some  of  the  lower  animals,  particularly  susceptible.  While 
the  tuberculous  process  presents  some  special  differences  in  different 
animal  species  in  rate  of  development,  amount  of  necrosis,  tendency  to 
softening,  calcification,  etc.,  the  fundamental  effects  are  similar  in  man 
and  in  the  lower  animals. 

SOOBCBS     OF     THE     TUBERCLE     BACILLI,      PORTALS     OF      ENTHY,      AND 

Distribution  of  Lesions. 

Congenital  tutierculosis  has  been  ot)served,  hut  it  is  apparently  quite 
infrequent.'  Tubercle  bacilli  are  most  frequently  transmitted  to  the  well 
from  the  victims  of  tuberculosis  by  means  of  the  sputnm  which  is  cast 
off,  allowed  to  dry,  and  becomes  pulverized  and  is  then  inhaled  as  dust. 

Many  obsen-ations  on  the  occurrence  of  tuberculous  bronchial  lymph- 
nodes  in  persons  exhibiting  no  appreciable  tuberculous  lesions  elsewhere 
would  indicate  the  probability  of  access  of  the  bacilli  to  the  lymph  chan- 
nels without  primary  lesion  at  the  portal  of  entry.  A  considerable  per- 
centage of  persons  dying  from  other  diseases  have  been  found  to  have 
tuberculous  lesions  often  healed  in  tlie  lungs  or  bronchial  lymph-nodes.* 
In  adults  the  lungs,  in  children  the  bronchial  lymph-nodes  are  the  most 
frequent  seat  of  tuberculous  lesion,' 

While  the  inhalation  of  dust  containing  dried  tuberculous  sputnm  is 
the  chief  means  of  infection  under  the  ordinary  conditions  of  modem 
life,  othermodesof  conveyanceof  the  infective  bacilli  are  of  importance.' 
It  has  t>een  shown  that  pathogenic  bacteria,  and  among  these  the  tubercle 
bacilli,  may  enter  the  lymphatics  through  the  intestinal  mucosa  without 
demonstrable  lesions  in  the  latter.  There  is  no  doubt  that  the  bacilli 
may  be  introduced  into  the  alimentary  caual  by  contaminated  milk  and 
meat  of  tuberculous  cattle,* 

'  For  a  stuily  nf  plarcntal  anit  congenital  tuberculosis  sec  Warthin  md  Cmeie,  Jour 
of  Infe*;.  Dis.,  vol.  i,,  1903.  p.  140. 

'See  reference,  Naegeli,  p.  251. 

'Scereteroiice,  Sorthnip  and  BotniTd.  p.  898.  Forastudyot  tbe  distribution  and 
origin  of  tubcrculoHis  in  children  see  Ovthrie,  Lancet,  February  4tli.  1899,  p.  3!JU:  also 
Band.  Proc.  Rith.  Soc.  Pliila.,  March.  1908. 

•For  a  stu<ly  of  tiil>erele  bacilli  on  books,  ace  Mitulencn,  ZeitBcbr.  f.  Hygieue  u. 
Infkr..  Bd.  xliv..  p.  897.  1903. 

'Ree^fA^r.  Amer. -lour.  Mwl.  Sc.,  vol.  rxxvL,  1803.  p.  684.  Bibl.  Forlhe  intercom - 
miinfcaLliily  of  human  and  bovine  tuberculosis,  see  iUireiitl.  Proc.  Patli.  Soc.  Phila- 
(lelpliia.  May.  1903. 

Consult  for  liis  vievrs  on  the  intestine  as  portal  of  entry  for  the  tubercle  liacillus, 
Behring,  Deutscli.  med.  Woclienscbr.,  Beplemlier  3Jth,  IBO^:  sumniarv  in  British  Med. 
Jour..  October  17th,  1903.  p.  993.  For  reference  to  primary  tuberculous  cnU-rilis  see 
footnote,  p.  r>ri3. 
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CONCUREENT  ISFECTIOX  IN  TUBERCULOSIS. 

A  concurrent  iiifectiou  with  the  tubercle  bacillus  and  the  pyogenic 
micro-organisms  is  of  extreme  significance  in  that  phase  of  tuberculous 
inflammation  of  the  Inngs  commonly  called  phthisis.'  While  the  so- 
called  cold  abscesses  may  be  caused  by  the  tubercle  bacillus  alone,  this 
germ  is  not  infrequently  found  under  these  conditions  to  be  ikssociated 
with  other  py(^enie  micro  organisms,  especially  the  streptococcus  and 
staphylococcus. 

Bacteria  Besemblin^  the  Tubercle  Bacillua. 

Thereare  several  spccieanfbactcrinwiiicli  after  (levpstAJDiiig resist  the  decolorizing 
action  of  dilute  acids.  Tliese  liave  been  called,  collectively,  "acid- resisting  "  or  ucicl- 
proof  bac-t4;ria.*     We  sliall  consider  only  two  of  tiiese, 

Thb  Smeoua  Bacillcs. — This  organism  is  often  present  and  sometimes  hi  large 
numbers  in  tiie  preputial  smegma  and  elsewhere  about  tbe  external  genitals.  It  so 
closely  resembles  tLe  tubercle  bacillus  in  size,  shape,  and  staining  reactions  that  it  is 
liable  by  morphological  cxaminutiuns  alone  to  be  mistaken  for  it.  It  has  been  culti- 
vated on  artificial  media  and  is  not  pathogenic.  The  Bmegma  bacillus,  when  stained  as 
above  recommended  for  the  tubercle  bacilliiB.  resists  the  decolorizing  action  of  the  acid ; 
but  it  is  usually  decolorized  by  alcohol,  thus  differing  from  either  the  tubercle  bacillus 
or  the  leprosy  bacillus.  But  this  color  reaction  is  not  certain ;  individual  bacilli  not  in- 
frequently remain  nnstained.  Various  special  methods  for  differentiation  have  been 
suggested,  but  none  of  them  is  wholly  satisfactory,'  In  doubtful  cases,  therefore,  and 
wlien  serious  operative  procedures  are  dependent  upon  the  bacterial  diagnosis,  recourse 
should  be  had  to  animal  inoculations. 

The  "Hay  Bacillus." — This  resembles  tlie  tubercle  and  smegma  bacilli  in  form 
and  staining  peculiarities.  It  is  called  the  "hay  bacillus"  or  "grass  bacillus"  because 
of  its  common  occurrence  upou  grass  beads  in  the  Gtlds,  It  is  not  pathogenic  and  is 
readily  cultivated. 

Lupus  and  Otlier  Forms  of  Tuberculosis  of  the  Skin. 

Local  tuberculous  intlamination  of  the  skiu  may  occur  in  the  form  of  small  nodules 
or  wart-like  thickenings,  as  the  result  of  accidental  inoculation.  Local  skin  infection 
may  occur  about  the  oriflces  of  the  bmly  in  tuberculous  persons  from  contact  with  secre- 
tions or  excretions  containing  the  tubercle  bacilli,  or  about  sinuses  loading  to  tubercu- 
lous abscesses,  joints,  etc..  or  in  the  vicinity  of  tuberculous  lymph-nodes. 

A  chronic  form  of  tuberculous  inflammation  which  presents  special  clinical  features 
has  long  been  known  under  the  name  of  lupu», 

L'lpu*. — This  form  of  inflammation  most  frequently  occurs  in  the  skin  of  the  face. 
but  also  in  the  mucous  membrane  of  the  mouth,  pharynx,  conjunctiva,  vulva,  and 
vagina.  The  lesion  consists  of  small,  multiple  nodulcsof  new -formed  tissue,  in  the  cutis 
or  mucosa  and  submucoss.  By  the  fonnation  of  new  nodules  and  a  more  diffuse  cellu- 
lar infiltration  of  the  tissue  between  them,  the  lesion  tends  to  spread,  and  by  the  conflu- 
ence of  the  infiltrated  portions  a  dense  and  more  or  less  extensive  area  of  nodular  in- 

'  See  Spengkr,  Zeilschr,  f.  Hygiene,  etc.,  Bd.  xvili.,  p.  343, 1894,  blbHograpliy.  See 
reference  to  Prudilen,  p,  478, 

'8ee  for  T6sum6  awl  bibliography,  Ahbolt  nnd  (lilderiileere.  Trans.  Assn.  Amer. 
Pbys..  vol.  xvii,,  p.  87;  also  Rosenberijer,  Proc.  Path.  Soc.  of  Phila.,  January,  ]fl(M. 

'Critical  review,  with  bibl..  Dahim.  Jour.  Am,  Med,  Assn.,  vol.  xxxiv.,  pp.  983 
and  1045,  1900.    Consult  also  Vome,  Jour.  Exp.  Med.,  vol.  v.,  p.  3<i3,  1900. 
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Bltration  may  be  fonned.    Tliere  maj  be  &u  excessive  production  and  cxfoliatioo  of 
epidennis  over  the  inflltrated  area,  or  an  ulceration  of  tbc  new  tissue. 

Microscopical  examination  abows  the  leaion  to  consist  of  small  spheroidal  cells  In- 
termingled witli  variable  oumbers  of  larger,  polyhedral  cells  aud  cell  masses,  and  in 
many  cases  giant  cells  (Fig.  125).  In  some  cases  a  well-marked  reticulum  is  present 
between  the  new  cells,  and  these  are  often  grouped  in  masses  around  the  blood-vessels. 
In  some  cases  there  is,  without  previous  ulceration,  a  formation  of  new  coDoectivc  tis- 
sue in  the  diseased  area,  and  a  well-marked  cicatrization;  in  other  cases  the  cells  and 
intercelhibr  substance  undergo  a  disintegration  which  leads  to  ulceration.  Tubercle 
bacilli  in  small  numbcrsmay  be  found  in  these  lesions.  In  the  clinical  group  of  diseases 
called  lupus  there  are  other  forms  of  lesion  which  are  not  incited  by  the  tubercle 
bacillus. 

Bibliography  of  Tuberculosis. 

The  announcement  of  the  discovery  of  the  bacillus  tuberculosis  by  Koeh  was  made 
in  the  Berliner  Iclin.  Wochentehrijt,  1883,  No.  15.  A  most  elaborate  and  valuable  article 
on  the  same  subject  by  Soeh  is  cont^ed  in  the  "Mittheilungen  aus  dem  Kaiserlichen 
Oesundheltsamte,"  vol.  il. 

The  abundant  literature  on  the  subject  of  the  tubercle  bacillus  nhich  has  accumu- 
Iat«d  since  1883  is  for  the  most  part  scattered  through  the  German,  English,  and  Pn^nch 
journals. 

An  excellent  critical  rteume  ot  the  subject  by  Lartigau,  with  selected  bibliography, 
may  be  found  in  the  "Twentieth  Centuiy  Practice,"  vol.  sl 


In  the  large  work  of  Strain,  "La  Tuberculosc,"  1895,  the  experimental  aspects  of 
the  subject  are  fully  considered. 

In  the  woric  of  Cornet,  "Die  Tuberculose,"  18B9,  together  with  the  general  and 
clinical  consideration  of  the  disease,  the  modes  of  infection  and  prophylaxis  are  set 
forth,  with  bibliography.  See  also  Comet  and  Meyer,  Kolle  and  Wassermann's  "Hand- 
buch  <ler  Mikroorganismen,"  Bd.  ii.,  p.  78,  1902. 
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LKPBA  (LBPSOBT). 

Leprosy  is  characterized  by  the  development  of  nodular  and  some- 
times diffuse  masses  of  tissue,  consisting  of  larger  and  smaller  cells  of 
various  ^apes — spheroidal,  fusiform,  and  branched,  with  a  fibrous 
stroma — the  whole  somewhat  resembling  granulation  tissue.  The  new 
tissue  is  moat  frequently  formed  in  exposed  parts  of  the  skin,  as  the 
face,  hands,  and  feet,  bnt  it  may  occur  in  the  skin  of  any  part  of 
the  body.  It  is  formed  more  rarely  in  the  subcutaneous  connective  tis- 
sue, in  intrafascicular  connective  tissue  of  nerves,  in  the  viscera,  and  in 
the  mucous  membranes.  The  mucous  membranes  most  frequently  af- 
fected are  those  of  the  eye,  noae,  mouth,  and  larynx.  The  nodules  may 
be  very  small  or  as  lai^  as  a  walnut,  and  may  be  single  or  joined  to- 
gether in  groups  or  masses.  The  tissue  of  the  part  in  which  the  new 
formation  occurs  may  be  atrophied  and  replaced  by,  or  may  remain  in- 
termingled with,  the  leprous  tissue,  or  it  may  be  hyperplastic  The 
nodules  may  persist  for  a  long  time  without  undergoing  any  apparent 
change,  or  they  may  soften  and  break  down,  forming  ulcers;  but  ulcer- 
ation, except  in  the  mucous  membranes,  is  said  usually  to  occur  as  the 
result  of  injury  or  unusual  exposure.  The  leprous  tissue  may  change 
without  ulceration  into  cicatricial  tissue,  or  cicatrization  may  follow 
ulceration. 

Various  secondary  lesions  and  disturbances  of  nerve  function  are 
associated  with  the  formation  of  leprous  tissne  in  the  uerves  and  central 
ner\-ou8  system,  but  these  we  cannot  consider  here. 

In  all  the  primary  lesions  of  leprosy,  bacilli  are  said  te  he  present, 
mostly  in  the  cells,  and  particularly  in  the  lai^er  transparent  spheroidal 
forms,  but  sometimes  free  in  the  intercellular  substance.     The  bacilli 
have  been  found  in  the  skin,  mucous 
membrane  of  the  month  and  larynx, 
in  peripheral  nerves,  in  the  cornea, 
in  cartil^e,  in  the  testicles,  and  in 
lymph-nodes.     Sometimes  the  cells 
contain  but  few  bacilli,   but  they 
are  frequently  crowded  with  them. 

Charactara  of  tbe  Lepra  Bacilli. 

The  bacilli  are  from  4  to  6  /i  long  and 
rery  slender.  Tliey  aresomctiDiespointed 
at  the  eods  and  sometiniea  present  epber- 
oidal  swellings  (Fig.  128).  In  their  com- 
poTtmeot  toward  staiuiog  agents,  aa  well 
as  Id  general  morphological  characterB, 
they   considerably  resemble  the  Bacillus 

tuberculosia,  but  Ihey  are  more  readily  stained.  Tliey  may  be  stained  with  fiischsin 
or  gentian  violet  by  the  ordinary  method,  or  by  the  method  employed  for  staining 
the  tubercle  boclllua  {see  page  347). 


LlFEOBT. 
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Various  reports  of  succeas  in  tlic  artiliciul  cultivation  of  the  lepra  bacillus  have  not 
yet  ri-ceiveii  the  seal  of  experimental  conflrmalion. 

TLe  lepra  bacillus  may  be  conveyed  from  mao  to  man  by  direct  inoculation :  but 
under  proper  sanitary  conditions  tlie  disease  is  rarely  itiitiated  in  tbis  way.  In  a  f^w 
cuses  animal  inoculations  bave  been  made  with  what  appear  to  be  positive  reault-H.' 

The  structure  of  the  new  tissue  growth,  the  abseiiee  of  coagulntiou 
necrosis,  and  the  peculiar  grouping  of  the  bacilli  in  the  large  trauspareut 
cells  are  characters  which  usually  clearly  distinguish  the  lesions  caused 
by  the  leprosy  bacillus  from  those  of  tuberculosis. 

Leprosy  is  common  in  India  and  in  other  hot  countries.  It  is  infre- 
quent in  America,  but  iu  the  Gulf  States,  in  Mexico,  among  the  Norwe- 
gians in  the  Northwest,  and  in  the  eastern  British  provincesa  considerable 
number  of  cases  are  grouped.  Isolated  cases  are,  however,  encountered 
now  and  then  in  variotts  parts  of  the  United  States. 


SYPHILIS. 

The  characteristic  lesions  of  syphilis  consist  in  a  more  or  less  eireum- 
scribed  formation  of  new  tissue.     This  may  be  made  up  largely  of  small 
spheroidal  cells  or  of  these  with  polyhedral  cells  (Fig.  127),  and  of  occa- 
sional giant  cells.     The  new  tissue,  which  may  be  diffuse  or  in  more  or 
less  clearly  circamscribed  masses,  contaius,  as  a  rale,  few  blood-vessels, 
and  is  proue  to  uudei^o  coagu- 
lation necrosis.     This  tendency 
is  most  pronounced  iu  the  cir 
cumscribed  masses. 

The  endothelial  cells  of  the 
blood-vessels  in  aud  near  the 
inflammatory  foci  iu  this  form 
of  inflammation  are  not  infre- 
quently swollen  and  may  pro- 
liferate (Figs.  127  and  128,  B). 
The  vessels  may  otherwise  un- 
dergo extensive  changes. 

In  the  primary  lesion,  which 
„^^[o^  18  called  chancre,  there  may  be 

obliterating  endarteritis,  a 
small  spheroidal -cell  infiltra- 
tion of  the  connective  tissue, 
proliferation  of  connective -tissue  cells,  especially  near  the  blood-vessels 
(Fig.  129),  swelling  of  the  vascular  endothelium,  and  an  occasional  de- 
velopment of  giant  cells.  This  new  tissue  may  become  fibrous  or  ne- 
crotic and  may  nleerate. 

Following  the  primary  leision  there  may  be  inflammation  of  the  lymph 
nodes,  of  the  skin  and  mucous  membranes,  of  the  bones  and  viscera. 

'  For  bibliograpby  of  leprosy  consult  Morroir,  "Twentieth  Century  Practice,"  vol. 
sviii. 
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One  of  the  most  characteristic  phases  of  the  secondary  iiiflammatious 
of  syphilis  results  in  the  fonnatiou  iu  the  periosteum  or  the  viscera  of 
mas-ses  of  new  tissue  called  gummata. 

The  smaller  gmnmata  consist  of  a  mass  of  small  spheroidal  and  epi- 
thelioid cells  (se^  Fig.  130).  As  these  cell  masses  grow  lai^er  they  are 
apt  to  become  necrotic  and  caseous  at  the  centre,  and  we  may  then  have, 
as  seen  by  the  naked  eye,  a  grayish-white,  usually  firm  mass,  with  a  more 
or  less  dense  and  in'egular  granular  centre  and  a  translucent,  often 
radially  striated  border  of  dense  fibrous  tissue  (see  Fig.  131). 

A  bacillus  closely  resembling  the  tubercle  bacillus  in  form  and  size 
has  been  described  by  Lustgarteii  and  others  as  occiuriug  iu  small  num- 
bers iu  the  lesions  of  syphilis.  It  appears  not  to  be  constantly  present, 
however;  a  distinctly  cbaracteristic  mode  of  staining  is  not  known,  aud 
it  has  never  been  cultivated  on  artificial  media ;  so  that  the  evidence  that 
this  bacllliis  is  the  excitant  of  syphilitic  inflammatiou  is  not  coiiviucing. 
Several  other  oi^nisms  have  been  described  as  occurring  in  syphilitic 
lesions,  but  in  no  case  has  satisfactory  evidence  of  their  significance  as 
escitants  of  the  disease  been  furnished. 

The  nodular  lesions  of  syphilis  are  in  many  respects  strnctnrally 
similar  to  those  of  tuberculosis,  so  that  it  is  sometimes  difficult  to  distin- 


Fln.  128.— BKCnON  0»  A  POKTTON  op  i  BTrHILITIC  CONDtLOMA  O?  THK  MUCOrS  MEMBRANE. 

it,<BdeiiuUciui  papilla;  B,s«olIai  endothellBl  cella  In  small  blood-vcgaels  of  a  papilla:  C,  pus  cells 
ibe  BUbiDUcous  coDnecllTs  tlaue ;  D,  pus  cells  Id  Die  ei 
ntpcrDdal  puniaa  at  Ibe  mucoiu  membrane. 
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Shnwlne  neiTollc  ragtous  centre  mergtw 
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gnish  them  on  mopbological  examiDatioo  alone.  But  the  greater  variety 
in  the  developmental  stages  of  the  tuberculous  foci  which  may  be  found  in 
a  single  individual ;  the  grouping  of  the  lesions  in  a  mauner  indicative  of 
local  infections,  and  in  the  last  resort  the  demoustrtation  of  the  presence 
of  the  tubercle  bacillus,  will  usually  suffice  to  distiuguish  the  tuberculous 
from  the  ^philitic  lesion,  even  without  recouree  to  the  clinical  history.' 
For  further  details  regarding  syphilitic  lesions  of  the  viscera  see  Part 

in. 


BhinoBcleroma. 

This  disease,  nhicb  occurs  especially  in  eaatern  Europe  aod  occarioually  in  otber 
parts  of  the  world,  is  h  chronic  inflammation  of  the  nasal,  pharyngeal,  and  laryngeal 
mucous  membrane.  Id  tliis  iDliammation  a  diffuse  or  nodular  formation  of  new  tissue, 
somewhat  resemblioi;  granulatioD  tissue,  occurs,  which  lends  lo  assume  a  dense  cicatri- 
cial character. 

Constantly  associated,  it  is  said,  with  this  lesion  is  a  ttacillus  called  Bacillus  rhino 
tclemmatU.  This  bacillus  in  most  of  its  morpliolngical  and  biological  charactors  closely 
resembles  the  poeumobacillus  of  FriedlBnder,  growing  readily  on  the  common  culture 
media  and  developing  a  capsule,  and  it  may  be  identical  with  it. 

The  relationdiip  of  this  bacillus  to  the  lesions  of  rhinoscleroma  docs  not  appear  to 
be  as  yet  definitely  established,  since  Inoculations  in  men  and  animals  have  not  given 
podlive  resultfl, 

BIPHTHE&IA. 

Diphtheria  is  an  acute  infectious  disease  incited  by  the  BaciUua  diph- 
Uteriw  (Loflier),  and  usually  characterized  by  a  pseudo- membranous  iu- 
flanimatioii  on  some  of  the  mucous  membi'aiies  or  oceaflionally  on  the 
surface  of  wounds,  and  by  immediate  or  remote  eifects  of  absorbed  toxic 
substances.     The   mucous  membranes  Mhich  are  the   most  frequently 
affected  in  diphtheria  are  those  of  the  tonsils, 
phai^'ux,  soft  palate,  nares,  larynx  and  tra- 
chea; less  frequently  those  of  the  mouth, 
gums,  conjunctiva,  cesophagus,  aud  stomach. 

Morphology  of  the  Lesions. 

The  local  lesions  in  mucous  meiubranea 
may  present  larious phases,  which  represent 
clinical  types  of  the  disease.  Thus  there 
may  l)e  a  simple  redness  of  the  affected  sur- 
faces which  leaves  no  trace  after  death,  or  fco.  laa.— fibrin  ik  dlphthehith- 
there  may  be  a  simple  catanhal  inflamma-  f^''st^^o^,s!"^"'"''"  "'*''^'''" 
lion.      On    the    other  hand,    in   the    more 

marked  forms  of  the  lesion  there  may  be  a  fibrinous  exudate  which 
infiltiates  the  mucous  membrane,  or,  intermingled  with  pus  cells,  epi- 
thelial cells,  red  blood  cells,   luicteria,  and  granular  material,  forms  a 

'  For  critical  summary  of  syphilis  with  recent  bibliography  see  Lang  and  Ullmann 
in  Lubarscb  and  Oatertag's  "Ergehnisse."  Jalirg.  v,  for  1898,  p.  481. 

For  a  study  of  blood-vessel  changes  in  syphilis  with  bibliography  see  Abraiiwif. 
Zieglcr'8  Beitrtge,  Bd.  xxvi,,  p.  203. 
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thick  or  thiu  pellicle  on  the  affected  surfaces  (see  Fig.  99,  p.  209).  This 
pellicle  may  undergo  coagulation  uecrosi.s  {Pia.  132),  and  hand-iD-haud 
with  this  there  may  be  superficial  oi'  deep  necrosis  of  the  mucous  mem- 
brane. The  false  membrane  in  diphtheria  is  thus  formed  by  a  combinsi- 
tion  of  inflammatory  products  aud  necrotic  tissue,  the  extent  of  the 
necrosis  and  the  amount  of  inflammatory'  products  varying  in  different 
Ciises.  The  membrane  may  disintegrate  or  exfoliate,  with  or  without 
loss  of  tissue  in  the  underlying  mucous  membrane.  Phlegmon,  absce.ss, 
and  (edema  are  liable  to  occur  as  local  complications. 


no.  133.  — DIPRTHXIUTIC    INFLAHHATION  OF  THI  TONSIL. 

SbowlDR  Lnnler's  bacilli  Id  Ibe  pieuckMnembnuie. 

Adjacent  and  distant  lymph-nodes  are  apt  to  be  swollen,  and  ofteu 
show,  on  microscopical  examination,  endothelial -cell  hyperplasia  with 
small  foci  of  cell  necrosi.^  and  disintegration.'  Similar  foci  of  cell 
hypei-plasia  with  necrosis  with  small  spheroidal-cell  accumulation  and 
fatty  degeneration  may  be  found  in  the  kidney,  spleen,  aud  liver.  Al- 
buminous degeneration  in  the  kidney  and  acute  nephritis  are  not  infre- 
quent. Small  hiemorrhagic  foci  may  be  present  in  the  liver  and  kidneys. 
Degeneration  of  the  heart  muscle  may  occur."  The  exact  nature  of  the 
nene  lesions  which  may  be  associated  with  the  late  paralyses  of  diph- 
theria is  not  yet  clear,  but  degeneration  of  the  peripheral  nerves  and 
chromatolysis  of  the  ganglion  cells  occur,  indicating  the  action  of  an 
absorbed  toxic  substance  in  the  body  fluids.  Leucocytosis  may  be  pres- 
ent. 

1  Consult  WoMhke'CilKh.  Virch.  Archiv,  Bd.  clix.,  p.  137,  1900. 

'  For  studies  of  tlio  lesions  of  the  mj-ocardiiim  in  diphiheria  cousult  Seagliom,  Vir- 
diow'9  Arcli..  Bd.  cxlvl.,  p.  115,  1896:  also  Thornan  and  Hili/iard,  Reports  of  Boston 
City  Hospital.  19W,  p.  204,  bibl. ;  for  a  study  of  nerve  lesionB  with  bibl.  see  BatUn. 
Pwliatrics,  vol.  vii.,  p.  07,  1S99:  also  Sititig.  Jour.  Path,  aud  Bact.,  vol.  vi..  p.  43-5. 
1900.  For  a  comprehensive  study  of  the  bacteriology  and  pathology  of  two  hundred 
knd  twenty  fatal  cases  of  diphtheria  sec  Conneitnian,  Mullor}/,  ami  Pearet,  Jour.  BoslOD 
Soc.  Med.  Science,  vol.  v.,  p.  13S.  IfHKI. 
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Cotiirrhal  bronchitis  aud  broucho-pnetimoiiia  or  simple  lobnliir  pneu- 
monia frequently  complicate  diphtheritic  lesions  of  the  upper  air  passiigen 
and  fauces. 

BiCTEKIOI/MiY   OF   THE   DISEASE. 

Althougli  bacteria  of  various  forms  are  commonly  present  in  the  false 
membrane,  and  some  of  them  penetrate  deeply  into  the  underlying  tissue, 
theprimai-jiuid  specific  excitant  of  this  disease  is  the  Bacillus  diphtherice 
of  Loftier. 

In  man  the  diphtheria  bacilli  are  largely  confined  to  the  seat  of  local 
lesion,  and  sometimes  oi-cnr  here  in  enormous  numbers,  especially  in  the 
older  layers  of  the  pseudo- membrane  (see  Fig.  133).  Bat  they  may 
become  widely  distributed  through  the  body.  This  appears  to  be  espe- 
cially the  case  when  the  pyogenic  cocci  are  associated  with  the  diphtheria 
bacillus  at  the  seat  of  local  lesion.  The  systemic  effects  in  diphtheria 
appear  to  be  largely  dne  to  the  absorption  into  the  body  of  toxic  material 
elaborated  locally  by  the  germs.  Septictemia  or  acnte  visceral  inflam- 
mations, particularly  of  the  kidney,  may  ocenr  without  evidence  of  an 
external  local  lesion  or  of  the  portal  of  entry  of  the  bacillus. ' 

Concurrent  Infections. 
The  very  frequent  association  of  the  pyogenic  cocci  and  other  bacteria 
with  the  diphtheria  l>acillus  gives  rise  to  a  series  of  changes  which  make 
the  clinical  picture  aud  the  lesions  of  diphtheria  sometimes  very  com- 
plex.    Thus  the  complicating  breuchitis  and  broncho-pneumonia,  as  well 
as  pytemic  symptoms  and  lesions,  may  be  due  to 
the  diphtheria  bacillus  alone.     But  these  sec- 
ondary lesions  may  be  due  to  the  presence  in 
the   pseudo -membrane,  and  the  entrance  into 
the  deeper  air  passages  and  the  blood,  of  Strep- 
tococcus pyogenes,   Staphylococcus  pyogenes, 
Diplococcus   lanceolatus.    Bacillus    eoli    com- 
munis, and  other  bacteria,  or  of  these  tt^ether     p,o.  im.— b*cillp8  diphtbb- 
with  the  diphtheria  bacillus.'  "'*■ 

Fran)  pxiidsle  tn  tbf  tbnnt  ol  a 

oi>„.ot«,.  of  th.  Dipi,th.ri.  B.cmu..      ^.szTri^issr; 

Tbis  OTgauism,  flrat  Jescribtd  utid  liolinitcly  associ-      """""^  ""I  """raU™- 
ated  with  this  disenBe  by  LOffler,   is  a  Bk-mlpr  rod,  id 

fTCDcral  about  8  /i  loog.  but  goin<.-tiniPB   slmrter  and  soinetimea  growing  into  threads. 
It  occnsioaally  grows  iu  braacliiiig  forms.'  and  is  cbaracterJEcd  morpliologically  by 

'For  aretumeaod  bibiiograpliv  of  stiidiL'S  rclaling  to  diphthcrjijc  suptictcmia  scu 
Brwrn  aad  Thiry,  Gazette  des  H6pitaii\,  May  3d.  4tli,  and  9ib.  189B, 

■For  a  study  of  the  presence  and  action  of  the  diplitlieria  bacilli  in  the  lungs  see 
flexnef  and  Andernrm.  Johns  Hopkins  Hospital  Bulletin,  vol.  ix.,  p.  73.  1998. 

For  a  summary  of  the  association  of  diphtlieria  and  tuberculosis  see  Coinmlman, 
Mallorj/,  and  Pearee,  reference  aliove. 

■The  branching  forms  which  are  occasionally  observed  in  the  diphllieria  as  well  as 
ID  the  tubercle  liacfllus.  together  willi  certain  oilier  charaetera,  have  led  some  observers 
to  [lie  belief  that  these  organisms  are  ri'lati-d  to  strcptiitlirix  and  to  tlie  moulds  rather 
than  U>  the  bacteria.  But,  for  the  present  at  least,  it  seems  wiser  to  consider  it  In  its 
more  generally  acknowledged  relation  si  lips. 
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marked  irregularities  in  its  form  (Fig.  134).  While  tbe  typical  form  is  that  of  a 
round-ended,  straight,  or  slightly  curved  bacillus,  it  is  rery  apl^perliaps  as  a  re- 
sult of  degeneration— to  appear  club-shaped  or  poiuted  at  the  ends,  irregularly  seg- 
mented, and  to  develop  at  tbe  ends  or  elsewbere  a  strongly  refractile  material  wlijch 
stains  more  deeply  than  the  rest  of  the  proto|ilitsni. 

The  dipbtberiu  bacillus  is  immobile,  asporogeoous,  grows  beet  at  blood  heal,  and 
thrives  on  most  of  the  artificial  culture  media.  In  Huids  it  may  be  killed  by  an  expos- 
ure of  ten  minutes  to  a  temperature  of  58'  C. ;  but  it  may  remain  alive  for  weeks,  or 
even  months,  in  fragments  of  dried  membrane.  1 1  may  be  stained  with  LOffler's  alka- 
line methylene- blue  solution  or  by  Oram's  method. 

It  is  subject  to  extreme  variations  in  virulence,  forms  occurring  which  with  all  llie 
usual  cultural  characteristics  are  not  at  all  virulent. ' 

Action  of  the  BaciUus  m  Anim&la. 

inoculations  of  virulent  cultures  subcutaueously  in  guinea-pigs  are  followed  by  a 
localized  hemorrhagic  (edema  with  a  variable  amount  of  whitish  exudate.  Death  usu- 
ally occurs  in  from  two  to  five  days.  In  addition  to  the  local  lesions  there  may  be — but 
this  is  not  constant— swelling  of  the  adjacentand  of  the  abdominal  lymph-nodes,  serous 
elTusioDB  into  the  pericardial,  pleural,  and  peritoneal  sacs^  a woltcn  spleen,  albuminous 
and  fatty  degeneration  in  the  liver,  kidney,  and  heart  muscles;  congestion  and  some- 
times hemorrhage  of  the  suprarenals.  HicroBCOpical  examination  shows,  in  a  consider- 
able proportion  of  cases,  fragmentation  of  nurlei  and  other  evidences  of  cell  death  at  the 
seat  of  inoculation  and  In  the  viscera,  as  well  as  chroniatolysis  of  ganglion  cells  in  tlie 
anterior  horn.  Animals  which  survive  the  inoculations  may  later  develop  paralysis, 
and  a  similar  result  may  follow  the  Injection  into  rabbits  of  culture  fluids,  liie  bacilli* 
do  not  usually  gain  access  to  the  body  at  large,  but  may  be  found  at  the  seat  of  inocula- 
tions. Inoculation  into  the  mucous  membrauesof  rabbJIs,  pigeons,  and  certain  other 
animals  may  result  in  the  development  of  a  p»%udo- membrane  somewliat  resembling 
that  of  the  disease  in  man. 

Diphtheria  Toxin  and  Antitoxin  and  SiagnosiB. 

We  have  already  considered  the  action  of  antitoxin  oi 
upon  it  here.  For  methods  of  the  manufacture  and  tes 
"  Bacteriology  in  Me<licine  and  Surgery." 

For  details  of  bacterial  diagnosis  consult  works  on  bacteriology  or  clinical  path- 
ology. 

The  agglutinative  reaction  of  the  diphtheria  bacillus  is  not  sufficiently  definite  to 
permit  of  its  use  in  diagnosis. 

It  IB  important  from  the  prophylactie  standpoint  to  remember  that  the  Bacillus 
diphtheriie  may  remain  alive  in  tlie  mutith  of  the  human  subject  for  many  weeks  af  ler 
recovery  from  (he  local  lesions  of  the  disease,  and  also  that  healthy  persona  when  the 
disease  is  prevalent  may  harbor  the  virulent  bacilli  in  their  moutlis.' 

'  For  a  study  of  varieties  of  tbe  B.  diphtheris,  me  Williaaui,  Jour.  Med,  Research, 
vol.  vlii.,  1903,  p.  83;  see  also  for  full  summary  of  studies  on  the  diphtheria  bacillus 
and  its  toxins,  lieek,  Eolte  and  Was.'^rmann's  "Handbuch  der  Mikroorganismen."  Bd. 
ii„  p.  764. 

'  See  for  a  study  of  the  diphtheria  bacillus  in  the  mouths  of  healthy  persons  and 
those  exposed  to  tlie  disease  Griliniii-SynHh.  Jour,  of  Hygiene,  vol.  lii.,  p.  316,  bibl. 
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Other  Bacteria  of  the  Biphtheria  Bacillua  Oroup. 

While  the  diphtheria  bacillus  varies  greatly  io  the  physiologicBl  CRpacities  whicb 
determine  its  virulence,  its  general  niorpbo logical  and  cultural  characteristics  are  Jairly 
CODStBDt.  There  are.  however,  non-vinileiit  bacilli  occurring  ou  mucous  membranea 
under  Dnraial  as  well  as  abnormal  conditiouB  whlcb  coustderably  resemble  this,  but 
which  differ  somewhat  id  both  morphological  and  biological  cliaracterB  from  the  true 
diphtheria  bacillus  aod  its  variants.  Such  organisms  have  beeo  called  pneiido-diphihma 
bacilli.  These  non-virulent  forms  may  be  regarded  as  attenualed  varieties  of  the  diph- 
theria bacillus. 

The  so-called  Xeirm'ii  baetlliai.  nhich  has  been  repeatedly  found  in  xerosis  conjunc- 
tivK,  is  apparently  a  member  of  the  diphtheria  bacillus  group. 


TETAini&    (Lockjaw.) 

This  disease,  which  is  especially  marked  clinically  hy  muscular  spasm, 
is  due  to  infectiOD  hy  the  Bacillus  tetani.  This  organism  is  rather  wide- 
spread and  in  some  places  very  abundant,  occurring  with  other  germs  in 
the  soil,  especially  in  manured  soil,  and  gaining  entrance  to  the  body 
tliTough  wounds,  which  are  often  very  slight.  The  soil  in  certain  regions 
appears  to  harbor  in  especial  abundance  the  tetanus  organism  or  its 
spores.  Thus  in  certain  districts  on  Long  Island  and  in  New  Jersey 
slight  injuries  are  frequently  followed  hy  tetanus.  The  liability  to  in- 
fection from  the  spores  is  greatly  enhanced  by  their  association  with 
other  oi^anisms  or  with  dirt,  splinters,  etc.,  in  the  wound. 

The  Lesions  of  the  Dibeabe. 

The  local  lesion  in  tetanus  is  usually  slight  and  not  characteristic, 
often  consisting  only  in  a  slight  suppuratiou. 

The  morphology  of  the  lesions  of  the  nervous  system  to  the  eristence 
of  which  the  symptoms  of  tetanus  so  directly  point  is  yet  obscure.  Over- 
filling of  the  blood-veaacls,  cellular  exudate  into  the  perivascular  spaces, 
chromatolysis  of  the  ganglion  cells  of  the  spinal  cord  are  common.  The 
bacillus  remains  for  the  most  part  at  the  seat  of  local  lesion  and  induces 
its  effects  by  the  elaboration  of  a  most  intense  poison  or  toxin,  called 
Utano-toxin.  The  action  of  this  toxic  suttstance  appears  sometimes  to 
continue  in  the  body  after  the  death  of  the  organisms  which  have  elabor- 
ated it.  This  infectioas  disease  affords  a  most  typical  example  of 
toxsmia. 

Oharactera  of  the  Bacillua  Tetani. 

It  ia  rather  long,  slender,  and  motile,  often  growing  in  pairs  or  threads  and  prone 
to  develop  a  spore  in  one  end  (Fig.  185).  in  which  condition  the  bacillus  is  larger  at  this 
end,  being  club-  or  raCKet- shaped.  It  la  readily  stained.  At  the  room  temperature  it 
grows  on  artificial  culture  media,  and  is  strictly  anaerobic,  flourishinj;  in  an  atmosphere 
of  hydrogen.  It  fiuidifles  gelatin  after  sending  out  into  it  Irregular- shaped,  ray-like 
outgrowUis. 

The  spores  of  the  tetanus  bacillus  are  very  resistant  to  drying,  to  heat,  and  to  vari 
ons  chemical  disinfectants. 
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Characteristic  tetanic  aymptoma  followed  by  deatli  may  be  induced  in  mice,  guinea' 
pig8,  and  robbils  by  Biibcutaneous  inoculation  of  ciillurea.  Man  and  the  horse  are 
markedly  susceptible  to  I«lauu3:  birds  are  as  a  rule  ioauaceptible.  If  tlie  lelanuH  ba- 
cillus be  grown  in  nutrient  broth  at  blood  beat  out  of  contact  with  oxygen  the  toxin  is 
developed  and  mingles  with  the  fluid.  This  toxin  when  freed  from  living  genns  is 
capable  ol  inducing  the  symptoma  of  tlie  disease.  Broth  cultures  may  after  some 
weeks  have  acquired  such  an  estreme  intensity  that  the  dried  poisonous  material,  sep- 
arated from  the  inert  fluids  and  partially  purified,  may  be  fatal  lo  a  mouse  weighing  15 
gm.  in  a  dose  of  0.00000005  gm.  Estimating  according  to  tJie  relative  weights  of  the 
subjects,  the  minimal  fatal  human  dose  would  be  about  0.00033  gm.  This  toxin  is  reo 
dered  inert  by  a  temperature  above  65°  C,  and  by  light. 

Tetanus  Antitoxin. 

By  procedures  similar  to  those  described  in  diphtheria  immaaization 
(p.  175),  the  tetamia  toxiu  has  been  used  tosecure  artificial  immunity  in 
dogs,  goats,  and  horses,  and  here  also  the  blood  serum  of  the  immunized 
animals  has  been  prepared  and  employed  in  man 
for  therapeutic  purposes  with  some  degree  of  suc- 
cess. The  theoretical  promise  of  the  tetanus 
titoxiu  for  therapeutic  purposes  in  man  is,  how- 
ever, ill  practice  rendered  in  large  measure  futile, 
because  the  existeuce  of  the  disease  is  not  recog- 
nizable until  the  tox!»uiia  is  sntBciently  marked  to 
produce  the  nervous  symptoms,  at  which  time  an 
shaped  rafls  with  spurt*.  euormous  iiud  not  easily  determined  dosage  is  re- 
quired to  neutralize  or  counteract  the  effects  of 
the  already  elaborated  poison.  Statistics  are  as  yet  too  meagre  to  jus- 
tify a  final  opiuiou  as  to  the  practical  value  of  serum  therapy  in 
tetanus,  but  it  appears  to  be  definitely  useful.' 

Diognoaia. 

For  purposes  of  diagnosis  it  may  be  necessary  to  inoculate  a  white  mouse  at  tlie 
base  of  tiie  tail  with  suspicious  material  at  tlie  same  time  that  morphological  cxamina* 
tion  and  anaerobic  cultures  are  made.  Should  tetanus  develop  in  the  mouse  within  a 
few  days  control  cultures  may  be  made  from  the  exudate  at  the  seat  of  inoculation.' 

Other  Bocilli  of  the  Tetanu*  Oroup. 

Several  bacterial  species  are  alreadj'  known  which  may  be  classed  in  the  tetanus 
group.  While  varying  in  size,  these  bacilli  are  in  general  rather  large ;  spores  form  in 
their  thickened  ends;  (hey  are  facultative  anaerobes;  some  do,  others  do  not  fluidify 
gelatin,  and  they  retain  the  stain  by  Oram's  method.  They  are  mostly  saprophytes 
and  have  l>een  found  in  milk  and  milk  prcHiiicts.  in  excrement  and  sewage,  etc.  None 
are  known  to  be  pathogenic  in  man.  The  most  noteworthy  among  these  is  BaeiUm 
piC'ido-tftaiiifm,  Sanfelice.  which  in  morjiholugy  and  growth  characters  resembles  the 
Bacillus  tetani.  but  it  does  not  form  the  toxin. 

'  For  a  critical  rh'nne  of  tetanus  and  its  treatment  with  the  antitoxic  serum,  with 
biblio(,'-rapliy,  sfc  Moseheoititi.  Annals  of  Surgery,  vol.  xxxli.,  p.  219,  1000. 

'For  r^«!f»ieof  cliaractcrs  of  the  tetanus  bacillus  and  its  toxin  see  nm /fi'n^eJtAnnt, 
Kolle  nnd  Wassermann's  "  Unndtiuch  der  Mikroorgani.smen,"  Bd.  ii.,  p.  588, 
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BMiAPBING    FZVEB.     (Typbiu    Becunra&s;    Famine    Fever;    Spirillum 
Fever;  Seven  Day  Fever.) 

The  lesions  which  may  be  present  in  this  disease  are  not  distinctive. 
It  is  characterized,  apart  from  symptoms,  by  the  presence  in  the  blood 
at  certain  periods  of  a  spiral  bacterium  disco^■e^ed  by  Obermeier  in  1873. 

The  Lesions  of  the  Disease. 

There  may  be  albuminous  degeneration  in  the  viscera,  leucocytosis, 
catarrhal  or  croupous  inflammation  of  the  mucous  membranes  of  the  I'c.s- 
piratory  and  digestive  organs,  ecchymoses  in  the  skin  and  in  the  mucous 
and  serous  membranes.  There  may  be  pneumonia  and  pleurisy,  degen- 
eration of  the  cardiac  muscle,  hyperplasia  of  the  mesenteric  lymph  nodes. 

The  Spleen  may  be  lai^  and  flabby,  this  chaJige  being  so  extreme  that 
rupture  has  occurred  during  life ;  it  may  also  be  the  seat  of  infarctions, 
and  these  have  given  rise  to  peritonitis. 

Oharacteis  of  the  Spirocbnte  Obermeieri. 

Id  tlie  blood  of  all  parts  of  tfae  bod}'  during  the  febrile  attacks  may  be  found,  ii.' 
very  large  numbers,  a  long,  slender  spirilluni  called  from  its  discoverer  .SptroeAfCff  Ob^r 
meieri  (Fig.  136).  The  organisms  disappear  from  the  blood 
during  the  afebrile  intervals,  and  it  has  been  abown  that 
at  this  time  they  accumulate  in  the  spleen,  where  they  are 
destroyed  in  large  numbers,  apparently  Ihrough  tbe  actioi: 
of  phagocytic  cells.  The  organism  is  from  14  to  40  /i  In 
length,  and  performs  rapid,  undulating  ni 


The  inoculation  of  healthy  men  and  of  mon- 
keys with  the  blood  of  relapsiog-fex'cr  patients 
which  contains  the  bacteria,  induces  a  similar 
disease.      Pure  cultures  have  not  as  yet  been 

made  of  these  bacteria,  but  for  the  reasons  indicated,  and  since  the  or- 
ganism has  never  been  found  except  in  connection  with  the  disease,  there 
is  every  reason  for  believing  that  the  Spirochiete  Obermeieri  is  the  exci- 
tant of  relapsing  fever. ' 

Ualta  Fever. 

This  disease,  which  baa  been  most  frequently  observed  along  the  shores  of  the 
Mediterranean  and  in  India,  is  characleri7.ed  by  prolonged  pyrexia  witb  irregular  re. 
missions.  In  the  rather' rare  fatal  cases  there  may  be  considerable  enlargement  of  the 
spleen,  albuminous  degeneration  in  the  liver  and  kidneys.     Acute  nephritis  may  occur. 

It  is  said  that  (here  are  constantly  present  in  the  spleen  In  this  disease  small  coed 
stained  by  Oram,  readily  cultivated  on  artificial  media.  The  result  of  Inoculations  of 
pure  culture  into  monkeys  and  other  aniinala  lends  to  confirm  the  pathogenic  signifi' 
cance  of  the  organism,  which  has  been  called  Murofofevti  mcHieim». ' 

'  For  r«>«m*  and  bibl.  see  Wladiminiff  it\  Kollo  and  Wasaermann's  "Ilaudbuch  der 
Hikroorganismen."  Bd,  iii..  p.  TS,  1908. 

'CnmaM  Bin  and  Lamb,  Lancet,  1899,  ii..  p.  701,  bibl. 


doy  Google 


THE   INFECTIOUS   DISEASES. 


BUBONIC    FliAOVE.    (Oriental  Planus ;  Black  D«atb.) 

Typea  of  the  Diseaae. — Ttiis  disease  preseots  three  main  types — the  ba- 
honic,  pnlraoiiary,  and  septicieinic. 

The  most  commou  is  the  bubonic,  which  is  characterized  by  aa  intense 
inflammatory  hyperplasia  of  the  lymph-nodes,  most  frequently  the  in- 
guinal or  axillary.  The  surrounding  tissue  may  be  involved;  hsemor- 
rhage,  necrosis,  or  suppuration  in  the  nodes  may  occur.  Coincident  with 
these  local  reactions  there  may  be  albtuninous  degeneration,  focal  necro- 
sis, and  leucocytosis  from  toxemia,  or  secondarj^  foci  of  inflammation  in 
the  spleen  or  lungs  or  liver.  A  second  type  of  the  infection  is  the  pul- 
monartj,  in  which  larger  or  smaller  areas  of  the  lungs  are  involved  in 
broncho -pneumonia  with  aKsociated  secondarj'  involvement  of  the  bron- 
chial lymph-nodes.  In  the  septicemic  type  of  bubonic  plague  there  may 
be  a  general  involvement  of  the  lymph- nodes  and  nodules  of  the  body 
with  the  marks  of  toxiemia,  without  an  indication  of  the  point  of  primary 
infection. ' 

In  all  these  various  phases  of  the  disease  the  plague  bacillus  may  be 
pre.«eQt  often  in  enormous  numbers  in  the  primary  buboes  and  in  the 
secondary  lesions  and  in  the  viscera ;  in  the  consolidated  areas  and  in  the 
sputum  in  the  pulmonary  type,  and  in  the  septicfemic  pliases,  in  the  blood. 

Charactera  of  the  Pla^oe  Bacillua. 

The  plague  bacillus  was  discovered  in  1894  by  Kitaaato  aud  Yersin,  and  ita  rfile  its 
the  excitantoftlie  disease  was  soon  eatubliabed.  It  iaasliort,tbick.  motile,  round-ended 
bacillus,  often  staiQing  more  deeply  at  the  ends  than  in  tbe  middle.  It  aometimes 
grows  in  chains  and  may  be  capsulated,  not  forming  spores;  it  ia  decoloriicd  by  Oram's 
methoil.  It  grows  rcwlily  though  not  voluminously  on  tbe  ordinary  culture  media  at 
blood  beat.'  This  organism  is  killed  by  drying  for  a  few  daya  and  by  exposure  to  sun- 
light for  a  few  liours.  Subcutaneous  inoculaiion  in  guinea-pigs  and  rabbits  is  followed 
by  local  hemorrhagic  and  serous  inflammation  with  typical  involvement  of  the  regional 
lymph-nodes  and  by  septicscmia.  Death  may  follow  in  from  one  to  Ave  or  six  daya 
wltli  albuminous  degeneration  of  the  viscera,  hyperplasia  of  the  spleen,  and  pet«c1nal 
liemorrliuges. 

Portals  of  Entry. — The  chief  portals  of  entry  in  man  are  abrasions 
or  wounds  of  the  skin,  the  luugs,  and  the  intestines.  The  spread  of  the 
infections  material  in  overcrowded  and  unsanitary  districts  may  readily 
take  place  by  rats,  which  are  ^ery  susceptible  to  the  disease  and  may  be 
infected  by  feeding.  Through  mosquitoes  and  flies  also  the  bacilli  may 
be  conveyed  from  man  to  man  or  from  dead  rats  or  their  dejecta  to  man. 

FreTeutire  Inoculation  has  been  largely  practised  in  the  East  by  tbe 
Haifkine  method.  This  consists  in  the  subcutaneous  injection  of  beef- 
tea  cultures  of  the  plt^ue  bacillus,  which  have  been  killed  by  heating. 
Moderate  local  inflammatory  reaction  and  slight  fever  may  follow  the 

'  For  a  ri'niime  of  lesions  of  plague.  Bee  Fle^iiei;  Trans.  Assn.  Am.  Phys.,  vol.  xvi., 
p.  481. 

'  See  article  by  i>f>F(rfonne  in  Kolle  and  Wasserinann's  "Handbuch  der  Mikroor- 
ganismen,"  Bd.  ti..  p.  475. 
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injectiOD.     The  stiitistics  seem  to  indicate  that  among  exposed  persons 
the  mortality  may  be  conaiderably  reduced  by  this  preventive  inoculation. ' 
An  anti-plague  serimi,  prepared  by  the  immunization  of  horses,  lia^ 
been  used  by  Yerain  with  at  least  promising  results.' 


H.SMOBSHAaiC   SEPTIOSMIA. 

Tliereareseveralbapilli  whiclimay  lieElaseecl,  asisdoneby  Hueppe.Kruse,  and  others, 
with  the  plague  bacillus  under  the  designatioo,  Ihf  h(rinvrr!iagie  nepticirmut  gnmp.  These 
are  moaily  smalt,  short,  Bporeless  fiirms  growing  readily  on  tlie  ordinary  media  aa  facul- 
tative aoaerobea,  not  fluidifying  gelatin  and  decolorizing  by  Oram.  Some  or  these  are 
motile,  others  not.  Among  these  may  be  mentioned  the  bacillus  of  mouse  typhus  (B. 
typhi  murium),  the  bacillus  of  hog  cholera  (B.  Bnipestifer),  the  bacillus  of  chicken 
cholera  (It.  cholene  gallinarum),  the  bacillus  of  swine  plague  (B.  suisepticus),  Several 
speciea  n:latcd  to  these  and  tu  the  plague  bacillus  are  pathogenic  In  man;  thus  the 
B.  hirmorrkagiru»  gepiirvg  of  Babes,  the  B.  /ianu>rrhagt'eiit  of  Kolb.  the  B.  /ittmorrliiifftca* 
etlfiiimi*  of  Tizzoni  and  OiovaDui, 

The  recognition  of  these  and  relate<l  species  may  be  of  especial  significance  in  con- 
nection with  the  diagnosis  of  bubonic  plague  by  cultures  and  animal  Inoculations.' 

Bacillus     Aekogenes    Capsulatus     (Bacillus     Welchii,     Gas 
Bacillus). 

This  bacillus  was  described  in  1891-92  by  Welch  and  Nuttall.  Later 
studies  of  Welch  and  Flexner  and  many  others  have  confirmed  the  orig- 
inal belief  that  the  bacillus  is  a  frequent  excitant  in  man  of  a  serious  in- 
fectious disease,  characterized  by  a  local  or  widespread  serous  and  em- 
physematous phlegmonous  inflammation,  frequently  associated  with 
gangrene  and  general  symptoms  of  a  profound  toxteniia. 

The  Bacillus  aerogenes  is  mther  lai^o,  on  certain  media  spore  form- 
ing, is  often  capsulated,  and  occasionally  forms  chains.  It  retains  the 
stain  by  Gram's  method.  It  is  anaerobic,  growing  readily  in  a  variety 
of  artificial  culture  media. 

Babbits  are  not  susceptible  to  even  large  intravenous  injections  of 
pure  cultures.  But  if  they  be  killed  soon  after  such  inoculation,  within 
a  few  hours,  at  room  temperatures,  an  abundant  development  of  gas 
occurs  throughout  the  body.  On  the  other  hand,  the  subcutaneous  in- 
jection of  a  very  small  quantity  of  the  fresh  (edematous  exudate  i.s  fol- 
lowed by  the  typical  local  and  general  marks  of  infection.  Guinea-pigs 
are  more  susceptible  tlian  rabbits  to  inoculation,  either  with  cultures  or 
fresh  material,  and  develop  characteristic  lesions. 

While  infection  may  occur  without  gas,  in  most  cases  before  death 
and  especially  after,  there  is  an  abundant  formation  of  gas  in  the  tis- 
sues. This  is  largely  hydn^en  formed  through  the  splitting  by  the 
bacillns  of  either  sugar  or  proteids.     While  the  gas  may  be  present  in 

■  For  aiunmary  of  result  of  the  Haffkine  method  see  Fortyih,  Lancet,  December 
13th.  1003;  also  fAnughter,  Johns  Hopkins  Hospital  Bull.,  vol.  xiv.,  1903.  p.  307. 
•Critical  summary  and  bib!.,  jVeiUr,  Arch,  de  Mod.  exp..  t.  xii.,  p,  86,  1900, 
■Forstudieson  various  formsof  bi^morrbaglc infection  !ic<>  Btibes,  Verb.  d.  deutschen 
path.  Ge«ellfichatt.  Bd.  ii..  p.  263,  1900;  also  Kill,  Eolle  and  Wassermenn's  "Handbuch 
der  MikroOTganismen, "  Bd.  ii.,  p.  559. 
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any  of  the  tissues,  iu  the  body  cavities,  aud  in  the  blood-vessels,  it  is 
especially  in  the  liver  after  death  that  the  marks  of  gas  accumnlatioit 
are  most  striking.  This  organ  may  be  riddled  with  small  holes,  present- 
ing an  appearance  which  has  been  characterized  as  "foamy  liver"  (Fig. 
371,  page  608). 

Infection  may  occnr  through  wounds  or  injuries  in  any  part  of  the 
body.  It  has  been  frequently  obser\-ed  in  pregnant  and  puerperal 
women.  Ulcers  of  the  stomach  and  intestine,  or  the  urinary  tract,  may 
be  portals  of  entry.  One  of  the  more  common  fonns  of  local  infection 
is  the  so-called  gaseous  phlegmon  or  emphj-sematous  gangrene.  Pul- 
monary and  pleural  lesions,  appendicitis,  and  peritonitis  are  described 
as  well  as  gaseous  abscesses  and  purulent  meningitis.  While  the  usual 
action  upon  the  tissues  is  the  induction  of  bloody  cedema  and  necrosis, 
this  bacilhts  is  also  occasionally  pyogenic. 

The  natural  habitat  of  the  organism  is  tbe  soil  and  the  intestinal  canal. 
This  accounts  for  the  relative  frequency  of  infection  through  the  intes- 
tinal and  gcuito- urinary  tracts  and  through  wouuds  contaminated  with 
dirt. 

Infection,  especially  from  the  intestinal  canal,  may  apparently  occur 
during  the  later  hours  of  life,  with  or  without  symptoms  and  with  a  post- 
mortem formation  of  gas.  It  is  often  difficult  to  determine,  since  gas 
formation  occurs  so  early  and  so  extensively  after  death,  whether  the 
eutmnce  has  or  has  not  been  effected  during  life.  It  seems  fair  to  infer, 
as  the  result  of  animal  experiments,  that  when  the  gas  formation,  even 
after  death,  is  widespread,  ante-mortem  infection  had  occurred. 

Concurrent  infection  with  other  oi^anisms,  especially  the  pyogenic 
cocci,  is  frequent. 

Welch  and  Nuttall  early  called  attention  to  the  importance  of  recog- 
nizing the  possibility  of  infection  with  this  bacillus  in  judging  of  a  cer- 
tain class  of  cases  of  alleged  air  embolism. 

It  is  probable  that  the  Bacillus  aeri^enes  capsulatus  is  identical  with 
forms  which  have  been  described  under  various  names  in  connection  with 
cases  of  gaseous  phlegmon,  or  so-called  malignant  (edema.' 

B&cillus  (EdematiB  HoligvL 

The  bacillus  ot  malignant  <eclcma,  whioli  is  frequently  present  io  dust,  in  putrefy- 
ing substances,  anU  In  soil,  considerably  resembles  the  Bacillus  aerogenescapsulatus  both 
in  its  morphulogical  and  biulogical  characters.  It  is.  however,  more  slender,  and  more 
apt  to  form  thrcada;  s|X)rc  formation  occurs  readily  in  tlie  ordinary  media.  It  decol- 
orizes parlially  by  Gram's  method.  Other  differential  cJiaracters  are  to  be  made  out  in 
cidturcs.  It  is  an  excitant  of  hiemorrhaglc  <rdeina  in  animals,  but  with  slight  if  any 
development  of  gas. 

Other  Bftcteria  which  Hay  Induce  HEemorrhag^ic  Septicaemia. 

Nearly  related  to  the  Bacillus  aerogeucs  caps ulatui  and  to  the  bacillus  of  malignant 
o'dema  are  several  other  spore-forming  anaerobic  bacilli  occurring  especially  in  (he 
earth,  in  excrement,  and  in  various  rotting  substances     bonie  of  these  appear  to  be  of 
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patbogenic  signiflcanFe  in  the  lower  animals  undpr  both  natural  and  experimeDtal  ron- 
ditioDS. 

Thus  the  QaarUr-enil  (Rauschbraod ;  cbarbon  aymptomatique),  especially  in  Europe, 
ts  a  serious  icfectious  disease  of  sheep,  goals,  and  cattle.  At  the  seat  of  Infection,  often 
in  the  legs,  there  is  a  hamorrliagic  oedema  witligas  fomiatioti.  the  involved  region  often 
becoming  niucli  swollen  and  black  iu  color  ("  black  leg  ").  The  bacillus  wbleh  is  the 
excitaot  of  this  disease  is  known,  and  preventive  inoculation  lias  been  practised. 

Uornird  has  described  a  group  of  cases  of  hmnorrhagie  trpliannia  characterized  by 
hsmoirbages  into  the  skin,  serous  nienibraneH.  and  viscera,  in  which  capsulaled  bacilli 
apparently  related  to  the  above-described  bacillus  of  Friedl&nder  (page  199)  have  been 
found.  For  the  details  of  these  cases  and  their  relationship  to  other  forms  of  septiciemia 
we  refer  to  the  original  paper.' 


HXDSOPHOBIA.    (lUbias.) 
Morphology  of  thk  Lebioms. 
This  is  an  infectious  disease  oceurriug  most  frequently  in  the  carni- 
vora,  and  especially  common  iu  dogs  and  wohes. 

The  lesions  are  not  constaut  nor  aw  they  characteristic.     Thongb 
well  marked  in  some  cases,  in  others  they  are  but  very  slightly  developed. 


Fig.  UT.— Htdropbobia,  Transyirse  Brctiom  of  Small  Blood-Vebskls  in  trk  Bpimal  Cord. 
BbawlDg  >ccumulatli)D  of  leucocrlei  uid  pmliferolloa  ol  conDectJve-tluue  cells  Id  Uie  adventltls  of  Uie 

Changes,  when  present,  are  apt  to  be  most  pronounced  in  the  medulla 
oblongata  and  pons,  but  they  may  be  present  in  the  spinal  cord.  They 
consist  of  small  hsemorrhages,  accumulation  of  lencocytes  iu  the  peri- 
vascular lymph  spaces  about  the  blood-vessels  (Fig.  137)  and  arouud 
the  ganglion  cells,  of  thrombi  in  the  smaller  blood-vessels,  and  finally  of 
chromatolysis  of  the  ganglion  cells. 

■  ifoiainl,  Journal  of  Experimental  Medicine,  vol.  iv.,  p.  149,  1898;  see  a\io  IJlumer 
and  Laird,  Johns  Hopkins  Hospital  Bull.,  vol.  xil.,  1901,  p.  46. 
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Recently  changes  have  been  des<^ribed  in  the  intervertebral  gauglia 
and  in  the  plexiform  ganglia  of  the  pneumogastric  nerve,  which,  al- 
though  not  limited  to  rabies,  are  yet  so  frequently  present  as  to  be  ap- 
parently of  \'alue  In  diagnosis.  The  lesions  consist  in  degeneration  or 
atrophy  or  destruction  of  the  ganglion  cells  with  a  proliferation  of  the 
endothelial  cells  lining  the  capsule.' 

The  Excitant  of  the  Disease. 

While  there  is  reason  for  believing  that  hydrophobia  is  due  to  the 
introduction  into  the  body  of  some  special  form  of  micio-oi^anism,  and 
while  the  recent  researches  of  Pasteur  and  others  ha\-e  brought  to  light 
many  interesting  and  imirartant  facts  regarding  the  geneial  nature  and 
distribution  in  the  body  of  the  infectious  agent,  nothing  is  yet  definitely 
known  about  the  particular  oi^nism  which  induces  the  disease. 

It  is  known  that  the  infectious  agent  is  in  the  saliva  and  salivary 
glands  of  rabid  animals,  and  that  it  may  be  present  in  the  saliva  of  the 
dog  from  three  to  five  days  before  the  symptoms  of  the  disease  appear. 
It  is  not  present  in  the  blood,  but  seems  to  be  especially  concentrated  in 
the  central  nervous  system  and  particularly  in  the  medulla  oblongata.  It 
is  readily  rendered  inert  by  corrosive  sublimate  and  other  germicides. 
It  resists  cold  even  to  —  20°  C.  but  loses  virulence  after  one  hour's  ex- 
posure to  .50°  C, 

Pkeventive  Inoculation. 

Notwithstanding  the  total  ignorance  of  the  micro-oi^nism  concerned 
in  inciting  hydrophobia,  his  genius  in  wise  experiment  enabled  Pasteur 
to  establish  a  method  for  artificial  immunization  against  the  disease 
which  has  proved  most  beneficent. 

After  obtaining  a  virus  of  high  and  definite  intensity,  which  was  ac- 
complished by  a  series  of  inoculations  beneath  the  dura  mater  in  rabbits  of 
portions  of  the  spinal  cords  of  rabid  animals,  it  was  found  that  by  dry- 
ing in  tlie  air,  spinal  cords  of  nibbits  having  definite  and  high  virulence, 
with  due  protection  against  aerial  contamination,  the  virulence  dimin- 
ished day  by  day.  With  virus  thns  obtained  of  virulence  ranging  from 
that  which  is  practically  inert  to  tliat  of  the  utmost  potency,  it  has  been 
found  pos.sible  safely  to  accustom  both  animals  and  men  to  the  presence 
of  amounts  of  hydrophobia  virus  contained  in  the  spinal  cord  emulsion, 
which  under  ordinary  conditions  would  prove  speedily  fatal.  In  other 
words,  it  has  been  found  possible  to  confer  artificial  immunitj  against 
the  disease. 

This  process  occupies  several  days,  and  immunization  must  be  com- 
pleted before  the  disea.se  has  begun  to  manifest  itself;  but  as  the  incuba- 
tion period  in  hydrophobia  is  a  long  one — the  average  is  about  forty  days 
— it  has  been  possible,  in  a  large  and  increasing  number  of  cases,  to  save 
the  lives  of  persons  bitten  by  rabid  animals. 

'  See  liaKtiel  nod  MeVarlliy,  University  Mtdical  Maga/.lne,  vol,  xiii.  p.  766,  WOl. 
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DiAGNOBIB. 


Id  view  of  the  importance  of  diaguosis,  ia  animals  which,  have  died 
or  hare  been  killed  under  suspicion  of  rabies,  the  spinal  cord,  medulla, 
and  gauglia  ^ould  be  saved.  Portions  of  the  fresh  medulla  iu  watery 
emulsion  shotUd,  if  possible,  be  inoculated  beneath  the  dura  mater  of  three 
healthy  rabbity  and  the  development  of  rabic  paralysis  and  othei'  symp- 
toms awaited.  This  operation  for  diaguostic  purposes  should  be  done 
only  by  one  experienced  in  this  subject.  Other  portions  of  the  medulla 
and  cord  and  the  ganglia  should  be  hardened  iu  Orth's  fluid  and  alcohol, 
and  carefully  examined  for  ganglion-cell  lesions,  for  small  perivascular 
accumulations  of  leucocytes,  and  for  changes  in  the  spinal  ganglia.  The 
existence  of  these  iu  the  medulla  and  cord  of  an  animal  suspected  of  rabies 
will  go  far  toward  coufiruiing  the  suspicion. 

It  is  always  wise  not  to  kill  suspected  animals,  but  to  keep  them  un- 
der obsenation  in  confinement.  Babies  being  always  fatal,  recoverj' 
from  a  suspicions  disease  excludes  it,  so  that  further  protective  meas- 
ures may  be  clearly  unnecessary.  On  the  other  hand,  the  carefully  ob- 
served symptoms  of  a  suspected  animal  may  even  in  the  event  of  &  fatal 
termination  afford  valuable  evidence.  If  the  laboratory  for  diagnosis  be 
ao<«isible,  it  is  well,  if  the  suspected  animal  should  die  or  be  killed,  to 
send  the  whole  animal  or  the  head  cut  off  low  down,  packed  in  ice.  Cold 
does  not  rapidly  diminish  the  virulence  of  the  rabic  \-irufi.  If  the  mate- 
rial is  to  be  transmitted  for  a  long  distance,  the  brain  of  the  animal  with 
the  medulla,  carefully  removed  to  avoid  contamination,  may  be  sent  in  a 
sterilized  bottle  containing  a  mixture  of  equal  parts  of  glycerin  and  water, 
which  has  been  sterilized  by  boiling  and  cooled,' 

TTFHITS    FETXS.     (Hospital    Faver;   Spotted   Fvrer;   Jail   Fever;    Ship 
Fever;  etc) 

This  highly  contagions,  infections  disease  has  not,  so  far  as  we  know, 
any  characteristic  lesion  save  the  petechial  skin  eruption ;  but  after  death 
the  body  may  present  lesions  common  to  many  of  the  infeclious  diseases. 

The  body  has  a  tendency  to  rapid  putrefaction,  and  the  Nood  is  often 
darker  and  more  fluid  than  is  usual  in  other  diseases. 

The  volunUirif  muedes  may  t>e  the  seat  of  waxy  and  albuminous  de- 
generation. The  brain  and  its  membranes  may  be  congested ;  the  mucoits 
membrane  of  the  pkai-ynx  and  largnjc  may  be  the  scat  of  catarrhal  or  croup- 
ous inflammation.  There  may  be  bronchitis,  broncho-pneumonia,  or 
hypostatic  congestion  of  the  lungs.  The  walls  of  the  heaii  may  be  soft 
and  flabby. 

The  agminaied  nodules  of  the  ileum,  and  the  mesenteric  nodes  may  be 
swollen.  The  spleen  is  often  large  and  soft  from  hyperplasia.  The  hid- 
ney»  and  lioer  are  frequently  large  and  pale,  and  the  seat  of  albnmiuous 
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defeneration.  The  nature  of  the  infective  agent  in  typhus  is  unknown. 
Several  observers  have  recorded  the  finding  of  micro-organisms  of  one 
kind  or  another  in  the  body  during  life  and  after  death,  but  proof  that 
auy  of  these  are  excitants  of  the  disease  has  not  yet  been  furnished. 


yellow  feveb. 

Lesions  of  the  Disease. 

This  infectious  disease  is  without  characteristic  lesions  save  for  the 
haemorrhages  and  pigmentation  in  the  skin.  Such  other  lesions  as  com- 
monly exist  are  those  common  to  toxeemia.  The  following  conditions 
are,  however,  frequently  present  after  death: 

Bigor  mortis  is  marked  and  occurs  early. 

The  brain  and  its  meninges  are  usually  congested.  The  skin  is  of  a 
yellow  color  from  the  presence  of  bile  pigment,  and  may  be  mottled  by 
eccbymoses, 

TAf  heart  is  of  a  pale  or  brownisb-yeUow  color.  Its  muscular  fibres 
may  be  the  seat  of  fatty  degeueratiou.     The  lurtgs  may  be  congested. 

The  Stonuich  often  contains  a  characteristic  dark  fluid,  due  to  altered 
blood  pigment,  similar  to  that  which  is  vomited  during  life — black  vomit. 
Its  mucous  membrane  may  be  congested,  softened,  and  is  sometimes 
eroded.  The  intestiTies  are  dark-colored,  often  distended  with  gas,  and 
sometimes  contain  blood.  The  liver  in  the  earlier  stages  of  the  disease 
may  be  intensely  congested.  More  frequently  it  contains  but  little  blood, 
is  of  a  light- yellow  color,  and  the  hepatic  cells  show  the  changes  of  an  in- 
tense albuminous  degeneration,  often  much  more  marked  than  are  found 
in  any  other  disease  except  acute  yellow  atrophy  of  the  liver.  Areas  of 
focal  necrosis  may  be  present.     The  gall  bladder  is  apt  to  be  contracted. 

The  spleen  shows  no  marked  changes.  The  kidneys  present  an  in- 
teii.sv  albuminous  degeneration.  The  tubules  usually  contain  masses  of 
hyalin  material. 

The  Excitant  of  the  Disease. 

While  its  mode  of  occurrence  and  the  characters  of  its  symptoms  and 
lesions  afford  a  strong  presumption  that  yellow  fever  is  an  acute  infec- 
tious disease,  none  of  the  various  studies  which  have  been  made  upou  its 
etiology  have  as  yet  revealed  the  presence  of  auy  mici'o-organisni  which 
can  be  confidently  accepted  as  its  excitant.' 

The  Mode  of  Infection. 

It  hiis  been  shown  by  Beed  and  his  colleagues,  Carroll  and  Agramonte, 
that  the  infectious  £^ut  iu  yellow  fever  may  be  transmitted  by  the  sub- 

I  The  various  Btudits  of  Sternberg,  who  isolated  a  bacillus  which  he  called  "  Bacillus 
X,'  aod  of  SaDarclli,  who  found  a  bacillus  which  he  named  BneiUuu  ieleroideg,  are  the 
most  noteworthy  earlier  contributions  to  the  subject.  A  later  study  and  references  to 
the  bibliography  of  this  subject  niav  he  found  in  an  article  by  Beed  and  Carroll,  Jour. 
Exp.  Med:,  vol.  v.,  p.  315.  1900. 
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cntr.iieous  injection  into  a  healthy  individual  of  a  small  quantity  of  blood 
drawn  from  a  patient  in  the  early  stage  of  the  disease.  It  has  further- 
nioi-e  been  shown  by  repeated  and  abundantly  confirmed  exi>eriments 
that  yellow  fever  may  be  induced  in  a  non-immnne  individual  by  the 
bite  of  the  mosquito — Stegomyia — which  has  previously  bitten  a  patient 
in  an  early  sta^e  of  the  disease.  Practical  sanitary  procednres  based 
upon  the  hypothesis  that  this  mosquito  acts  as  an  intermediate  host  in 
which  the  (unknown)  yellow-fever  parasite  passes  one  of  its  develop- 
mental cycles,  have  furni^ed  strong  evidence  that  it  is  through  the  inter- 
vention of  this  mosquito,  and  thus  only,  that  the  disease  is  conveyed. 
For  it  has  been  possible,  by  the  prevention  of  access  of  this  mosquito  to 
yellow-fever  patients  through  the  use  of  netting  and  otlier  precautionai-y 
measures,  practically  to  suppress  the  disease  in  Havana,  where  it  was 
formerly  endemic,  and  to  stifle  epidemics  elsewhere. '  It  has  been  further 
demonstrated  in  the  most  conclusive  way  that  the  infectious  agent  in 
yellow  fever  is  not  conveyed  directly  through  the  air  or  by  fomites,' 

VABIOLA.    (SmaUpox.) 
Smallpox  is  an  acute,  readily  communicable,  iafeetious  disease,  es- 
pecially characterized  anatomically  by  an  inflammation  of  the  skin  which 
passes  through  a  series  of  more  or  less  distinctive  phases  of  papule,  vesi- 


Fifi.  1C8.— A  SMALLPOX  Vesiclk  of  thb  SKLN. 

cle,  pustule,  with  a  final  drying  of  the  exudate  and  necrotic  tissue  con- 
stituting the  crust. 

Various  phases  of  the  exanthem  are  used  to  designate  forms  of  the 


'  For  a  summary  of  observations  relating  to  the  niosqiiilo  as  an  inteniiotllarv  liost 
of  tlie  infectLoua  organism  in  yellow  fever,  see  Reed.  Carroll,  and  At/ramirnte.  iMiila. 
Med.  Jour..  October  37tL,  1900;  also  Jour  Am.  .Med.  Assn..  February  I61I1,  1901-, 
Araer.  Med.,  July  fltii,  1901;  G«i(ejvr*.  Araer.  Med.,  Noveml)er  28d.  1901;  Diirlum. 
Thompson  Yates'  Laboratories  Report,  vol.  iv  .  1901,  p.  485;  Reed  rind  Ciinvll.  Am. 
Med,.  February  22d.  1002:  also  Cirj-oll.  Jour.  Am   Mwl.  Assn.,  May  28a.  190a 

*  For  a  brief  resume  of  the  reasons  for  the  lielief  that  Che  mosquito  Is  Ihc  sole  agen' 
In  the  conveyance  of  the  infectious  agent  in  yellow  fever,  see  Curler.  Bull  of  the  Yel 
low  Fever  Institute,  No.  10,  July,  1902,  Bureau  of  Public  Health  and  Marine  Hospital 
Bervice.  U.  S.  A.  For  a  description  of  the  mosquito  Stegomyia  fascials  and  modes  of 
prevention  in  yellow  fever,  see  Seed  niid  Carroll.  Med.  Hec  October  28th,  1901.  For 
the  bearing  or  this  subject  upon  quarantine  ri'guhilions,  see  Holy,  Sled  Rec.,  October 
SSlh.  1901. 

18 


Digitized  by  Google 


374  THE   INFECTIOUS   DISEASES. 

Secondary  lesions  are  diffuse  suppnrative  iDflammation  of  the  skin, 
congestion,  inflamiuatiou  and  ulceration  of  tJie  mucous  membranes, 
hEemorrtiageB  in  various  parte  of  the  body,  spelling  and  ulceration  of  the 
lymphatic  tissues,  albuminous  degeneration  of  the  kidney,  liver,  and 
spleen,  and  leucoeytosis. 

The  skin  lesion  shows  in  general  at  first  circumscribed  areas  of  in- 
flaJiimation  above  the  ends  of  the  papillce,  with  the  development  of  a 
fluid-filled  reticulum,  so  that  vesicles  more  or  less  ombllicated  are  formed 
(Fig.  138).  These  at  first  contain  a  clear  fluid,  but  by  the  gathering  of 
pus  cells  the  fluid  becomes  turbid  and  accumulates  to  form  a  pustnle. 
Hand-in-haud  with  these  changes  the  papillte  and  adjacent  layers  of  the 
corium  may  become  infiltrated  with  cells.  The  contents  of  the  pustules 
and  the  necrotic  tissue  above  dry  and  form  the  crusts.  When  the  changes 
are  largely  confined  to  the  epidermis  the  lesion  may  leave  no  deformity. 
But  if  the  changes  in  the  cutis  are  considerable,  cicatricial  tissue  may 
form,  leaving  scars.  The  association  of  local  heemorrh^e  with  the  above 
changes  gives  rise  to  the  hfemorrbagic  form  of  exsntbem. 

Artificial  Immunization  in  Smallpox. 

Smallpox  affords  one  of  the  most  striking  examples  of  positive  and 
prolonged  acquired  immunity  conferred  by  a  successfully  weathered 
attack  of  an  infectious  disease. 

In  the  early  days  attempts  were  made  to  mitigate  the  virulenre  of 
smallpox  acquired  by  exposure  in  the  usual  ways  by  artificial  inoculation 
of  material — virus — taken  from  a  smallpox  pustule.  The  usually  rela- 
tively mild  form  of  the  disease  induced  in  this  way  also  conferred  immu- 
nity. But  the  individual  was  during  his  immunization  a  source  of  danger 
to  others.  The  great  discovery  of  Jenner  that  by  inoculation  with  virus 
from  cowpox  immunity  was  secured  i^ainst  smallpox,  need  not  be  con- 
sidered in  detail  here.  The  iinmunity  secured  in  this  way,  while  not 
absolute,  is  usually  effective  and  involves  as  a  rule  but  slight  indisposi- 
tion. By  revaccination  after  an  interval  of  a  few  years  practical  protec- 
tion is  secured,  so  that  the  occurrence  of  smallpox  epidemics  to-day  is 
possible  only  through  neglect  of  simple  and  positive  protective  measures. 

The  more  recent  view  of  the  immunity  conferred  by  vaccination 
against  smallpox  is  based  upon  the  demonstration  that  the  disease  variola 
in  man  and  the  disea.se  vaccinia  in  the  bovine  species  are  of  the  same 
nature  and  not  different,  aa  was  formerly  believed.  This  has  been  estab- 
lished by  numerous  inoculation  experiments.  The  disease  in  the  cow  is 
a  modified  form  of  the  human  disease.  The  effect  of  the  passage  of  the 
unknown  micro-oi^anisnis  through  the  insusceptible  bovine — thus  runs 
the  rationale  in  the  new  liRLt — is  so  to  diminish  the  virulence  of  the 
germ  that  by  its  subsequent  inoculation  inmanimmunity  is  secured  with- 
out the  profound  disturbance  which  infection  with  a  germ  of  unmitigated 
virulence  would  involve.' 

'In  diphtheria  the  perfection  of  the  process  of  artificial  immunization  and  the  estab- 
lUbment  of  a  precise  and  siicccBsfut  curative  method  are  the  direct  reaulta  of  a  long,  pa- 
tient, logical  series  of  animal  experiments  with  a  definite  end  in  view,  and  by  the  use 
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The  Excitant  of  Smallpox. 

Bacteria. — The  large  Dumber  of  atndies  which  have  been  made  of  the 
skin  lesions  of  smallpox  and  of  vaccine  lymph  have  shown  that  bacteria 
of  varioos  kinds  are  frequently  present.'  Streptococci  and  staphylococci 
are  especially  common  in  the  pustules  and  may  be  present  in  the  blood 
in  later  stages  of  severe  or  fatal  cases.'  It  is  probable  that  the  pyogenic 
cocci  are  of  great  importance  as  complicating  factors  in  the  disease. 
But  there  is  no  evidence  at  hand  that  these  or  any  other  bacteria  are  its 
primary  excitants. 

Protosoa. — While  it  was  natural  that  the  most  painstaking  search 
should  be  made  for  bacteria  in  the  lesions  of  smaltiwx,  there  have  been 
from  the  first  many  obvious  reasons  for  the  conjecture  that  this  disease 
as  well  as  the  other  exanthemata  might  be  incited  by  organisms  of  a 
different  nature.  In  fact,  as  early  as  1886  and  1887  bodies  were  found 
in  the  pustules  by  Van  der  LoefF  and  L.  Pfeiffer,  which  they  conjectured 
to  be  protozoa.  It  was  not  nntil  1892,  however,  when  Guaniieri  under- 
took a  series  of  noteworthy  experiments  in  animals,  that  the  nature  of 
the  suspected  structures  in  vaccine  lymph  became  clearer.  Guamieri 
inoculated  vaccine  lymph  into  the  cornea  of  rabbits  and  noted  the  ap- 
pearance aft«r  a  few  days  in  increasing  numbers  in  the  epithelial  cells 
of  the  structures  which  had  been  previously  discovered  in  the  contents 
of  smallpox  pustules.  In  some  of  these  bodies  he  believed  that  he  saw 
amoeboid  movements.  These  bodies,  which  were  called  "  vaccine  bodies, " 
he  regarded  as  protozoa  and  named  the  species  Cytoryctea  vaccimB.' 

These  observations  of  Guamieri  on  the  vaccine  bodies  found  in  the 
lesions  of  both  vaccinia  and  variola  were  confirmed  by  Wasielewski '  and 
many  otlier  observers, 

The  vaccine  bodies  of  Guamieri  are  spheroidal,  oval,  or  irregular 
structures  from  one  micron  to  four  or  even  eight  microns  in  diameter, 
staining  readily  with  various  dyes,  the  central  portion  giving  in  general 
the  staining  characters  of  nuclear  substance,  a  peripheral  zone  being 
sometimes  differentiated  by  cytoplasmic  stains.  The  bodies  often  lie 
close  upon  the  border  of  the  nucleus  of  the  epithelial  cells,  sometimes 
lying  in  a  depression  of  the  nuclear  border.  They  may,  however,  lie  in 
of  the  absolutely  identifled  and  well-koown  germ  which  induces  the  disease,  Oo  tlie 
other  hand,  it  is  DOt  a.  little  curious  that  in  iraallpux  and  in  hydroiiTwbia  effective  nietb- 
oda  of  iramuniiation  sliould  have  been  perfected  without  precise  Itnowledge  of  the 
inlcro-orgaDisms  which  incite  tlic  diseases,  and  yet  by  procedures  which  though  some- 
wliat  empirically  hit  upon,  are  nevertheless  in  close  accord  with  those  which  tlie  most 
recent  studies  on  immunity  in  general  have  shown  to  be  effective.  Thus  in  iHith  small- 
pox and  liydrophobla  the  material  used  for  protective  inoculation  is  that  which  has 
been  artificially  reduced  in  vinilence;  in  tlie  one  case — smallpox — bv  lis  passage 
through  the  Ixjdy  of  8  relatively  insusceptible  animal;  in  the  other — hydrophobia— by 
drying  in  the  air. 

'See  Hvgtienin,  Lubarsch  and  Ostertag's  "Ergebnisse,"  Jahrg.  iv.,  p.  387,  bibl. 

'See  report  by  Emng,  Trans.  Assn.  Am.  Phys,.  vol.  xvii.,  19W,  p.  313;  also  Perkini 
aiidFay,  Jour.  Med.  Res.,  vol.  x..  IftOS,  p.  tBO. 

'This  name  was  given  because  the  bodies  frequently  lay  in  small  spaces  In  the  cell 
protoplasm,  which  he  assumed  to  have  been  formed  by  the  destructive  action  of  the 
parasite. 

^Consult,  for  a  most  admirable  summarv  of  the  subject  with  original  studies,  pho- 
tographs, and  bibliography,  WaH^eictki,  Zeilsch.  f.  Hygiene,  Bd.  xxxviii.,  1901,  p.  213. 
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other  parts  of  the  epithelial  cytoplasm.  They  are  frequently  BUirouuded 
by  a  clear  space,  whieli  may  become  of  considerable  size.  They  ha^e 
not  been  foiiDil  in  the  iiucleus. 

Haud-iu-haud  with  the  iiicrcaiie  of  tliese  bodies  there  are  pii)gi'<?MSi\'e 
degenerative  processes  in  the  epithelium  of  the  inoculated  region,  with 
ttie  formation  of  various  structures  characteristic  of  the  degeneration  of 
protoplasm  uuder  a  great  variety  of  couditioiia 

While  many  observers  following  Guaruieri  have  felt  justified,  largely 
on  morphological  evidence,  iu  the  belief  that  the  vaccine  bodies  are  pro- 
tozoa, others  have  been  led  to  the  conclnsJou  that  mauy  if  not  all  the 
appearances  presented  can  be  accouuted  for  by  protoplasmic  degenera- 
tions induced  by  other  agencies.  Several  experimenters,  indeed,  by  the 
introduction  into  the  rabbit's  cornea  of  chemical  and  other  substances 
not  at  all  related  to  the  vaccine  virus,  have  been  able  to  induce  degenera- 
tive protoplasmic  structures  resembling  the  vaccine  bodies. ' 

It  is  evident  that  the  proof  on  morphological  grounds  alone  of  the 
protozoan  nature  of  such  minute  structures  is  a  task  of  extreme  difficulty, 
associated  as  they  frequently  are  with  the  reatlily  stained  products  of 
protoplasmic  degeneration. 

In  April,  1903,  Councilman  announced  the  results  of  a  long  series  of 
studies  by  himself  and  his  associates,  iMagrath,  Brinkerhoff,  and  Tyzzcr, 
ou  the  excitant  of  smallpox.'  The  observations  of  Guarnieri,  Wasielewski, 
and  others,  on  the  vaccine  body,  were  in  the  main  confirmed.  These 
obser^'ers  find  the  vaccine  bodies  in  the  lower  layers  of  skin  epithelium 
before  the  production  of  the  vesicles  and  iu  the  advancing  edges  of  the 
young  vesicles.  They  find  morphological  evidence  of  the  segmentation 
of  the  bodies  and  the  formation  of  round,  spore-like  structures  about  one 
micron  iu  diameter.  Councilman  further  announced  the  discovery  of 
other  bodies,  uot  before  described,  within  the  nucleus  of  the  epithelial 
cells  in  the  infected  region  in  man.  These  intranuclear  structures  are 
circular,  ring-like,  Avith  a  central  dot.  and  may  be  seen  siugly  or  in  clusters. 
They  are  from  one  to  one  and  one-hjiif  microns  iu  diameter.  These  intra- 
nuclear bodies  Councilman  regards  as  a  further  stage  and  as  representing 
a  second  complex  cycle  of  development  of  the  smallpos  parasite.  The 
intranuclear  stiuetures  he  belie\'e8  to  be  developed  from  the  spore-like 
bodies  resulting  from  the  segmentation  of  the  intracellular  vaccine  body 
which  i>enetrate  the  nucleus.  Councilman  finds  the  vaccine  bodies  both 
in  the  epithelial  cells  of  the  smallpox  lesion  in  man  and  in  the  lesion  in- 
duced by  vaccination  of  the  rabbit  and  calf.  But  the  intranuclear  forms 
have  not  l>cen  found  in  the  latter  animals.  After  inoculation  of  the 
monkey  with  the  contents  of  smallpox  pustules,  both  the  intracellular 
and  the  intranuclear  forms  were  found.  He  believes  it  to  be  probable 
that  in  smallpox  the  parasite  undei^oes  complete  development,  passing 
through  two  c^^les,  an  intracellular  and  an  intranuclear,  while  in  vaccinia 
only  one,  the  primary,  cycle  is  achieved. 

'See  irnrkel.  Ziegler'a  Beitr.,  Snppl.  Hutt,  1898:  nlso  Kifiiig.  Tmus.  N.  Y.  Paili. 
Soc,  January.  1904. 

'"Studies  on  tlir  Pathologv and  im  tlic  Eliologyof  Variola  and  Vaccinia." .lour,  of 
Jkd.  Kes.,  vol.  xi.,  1B04. 
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Calkius,  from  an  iiidependeut  study  of  U>e  material  furnished  by 
Conueilmaii,  i»  convince*!  of  the  protozoan  nature  of  t-he  oi^nisms  in 
question  and  has  formulated  the  stages  of  a  complex  life  cycle. ' 

It  is  clear  that  fiual  judgment  uiwu  ttie  nature  and  significance  of 
these  luinnte  stnictures  must  be  Buspended  until  further  experiments 
upon  suitable  animals  shall  have  furnished  fuller  biological  data  than  are 
yet  at  hand,  which  may  sustain  the  evidence,  still  largely  morphological, 
ou  which  these  suggestive  couclusions  are  based.' 


BOASXBT  FEVEB.    (BcorUtiaa.) 

This  is  an  infectious,  readily  communicable  disease  characterized  by 
a  diffuse  skin  eruption,  and  frequently  accompanied  by  inflammatiou, 
either  catarrhal,  or  croupous,  or  gangrenous,  of  the  tonsils,  pharynx,  and 
larynx.  Focal  necroses,  albuminous  degeneration  in  the  viscera,  and 
leucocytosis  may  occur. 

There  may  be  acute  hyperplasia  or  suppuration  of  the  cervical  lymph- 
nodes.  There  is  very  frequently  an  acute  exutlative  or  an  acute  diffuse 
nephritis.  The  spleen  may  be  enlarged.  Broncho-pneumonia,  endocar- 
ditis, and  i)ericarditis  may  complicate  the  disease. 

The  exauthem  or  skiu  eruption  in  scarlatina  is  a  simple  dermatitis, 
as  the  result  of  whieh  the  papilleeand  subpapillary  stratum  become  infil- 
trated with  fluid  or  leucocytes,  or  both,  the  leucocytes  being  gathered 
especially  about  the  blood-vessels.  There  may  be  small  hemorrhages, 
and  the  acute  pbane  of  the  inflammation  is  followed  by  an  increased  pro- 
duction of  epithelium  and  an  exfoliation  of  the  superficial  layers.  These 
lesions  of  the  skin  may  be,  excepting  the  hremorrhages,  very  slightly 
marked  after  death. 

That  the  disease  is  due  to  some  form  of  micro-organism  there  can  be 
no  doubt.  The  exact  nature  of  this  organism  is  not  yet  known.  The 
acute  nephritis  and  the  marks  of  degeneration  and  focal  necrosis  so 
often  present  appearto  be  due  to  some  poison  formed  in  the  body  during 
the  disease. 

Mallory'has  described  bodies  in  and  between  the  epithelial  cells  of 
the  epidermis  and  free  in  the  superficial  lymph  vessels  and  spaces  of  the 
corium  in  scarlet  fever  which  he  believes  to  be  protozoa  and  to  bear  an 
etiolt^cal  relationship  to  the  disease.  Most  of  these  bodies  are  from 
two  to  seven  microns  in  diameter  and  stain  with  methylene  blue.  A 
series  of  forms  are  found,  including  rosettes,  which  are  said  to  resemble 
the  series  in  the  asexual  development  of  the  malarial  parasite.  Further 
studies  will  be  required  to  establish  the  protozoan  nature  as  well  as  the 
significance  of  these  structures. 

One  of  the  most  marked  features  of  the  disease  is  the  predisposition 

'  Qil&ini,  "Life  History  of  Cytorycies  Variolte,"  ref  above,  p.  136 

'Consult  for  general  bibliograplif  Freeamn,  article  on  vacciuatioo  in  "Cyclopedia 

of  the  Diseaees  of  Children."  vol.  v.,  auppl..  p,  263;  or  ifotn-e,  in  "Twentieth  Century 

Practice,"  toI.  xiii. 

>MaUory.  Jour,  of  Med,  Res.,  vol.  x.,  1904,  p.  48& 
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which  it  eutails  to  the  iucursions  of  patht^enic  germs  other  than  that 
which  we  believe  to  be  its  excitant.  Thus  an  infectious  croupous  in- 
flammation of  the  month,  tonsils,  pharynx,  larynx,  and  trachea,  due  to  a 
streptococcus  (see  ps^  209),  is  a  frequent  complication.  True  diph- 
theria due  to  the  Lofiler  bacillus  is  also  prone  to  establish  itself  upon  the 
vulnerable  inflamed  mucous  membranes.  So  also  the  frequently  asso- 
ciated pneumonia,  the  inflammatory  hyperplasia  and  suppuration  of  the 
lymph-nodes,  suppurations  in  various  parts  of  the  body,  the  endocarditis 
and  pericarditis  which  are  not  uncommon,  may  all  be  due  to  a  secoudan>' 
infection  with  the  pyogenic  cocci,' 


A  readily  communicable  infectious  disease,  the  most  prominent  feat- 
ures of  which  are  au  intense  hypenemia  with  inflammation  of  the  skin, 
associated  with  catarrhal  inflammation  of  the  mucous  membrane  of  the 
air  passages.  The  inflammation  of  the  skin  is  anatomically  of  the  same 
general  type  as  that  in  scarlatina.  Albuminous  degeneration  of  the  kid- 
ney or  acute  exudative  nephritis  may  occur.  Focal  necroses  in  the  liver 
and  kidneys  have  been  described  by  Freeman.' 

The  more  common  secondary  lesions  are  broncho-pueumonia,  pseudo- 
membranous inflammation  of  the  pharynx  and  laiynx,  suppurative  in- 
flammation in  various  parts  of  the  body,  and  diphtheria.  These  compli- 
cations, as  in  scarlatina,  are  doubtless,  in  part  at  least,  due  to  secondary 
infection  with  other  germs  than  those  causing  the  disease  itself. 

The  excitant  of  measles  is  not  definitely  known. 

Carum  and  PitUeke  in  1S93'  recorded  the  discovery  id  the  blood  in  fourteen  cases 
of  measles  of  very  small  bacilli,  about  as  ioug  'as  the  radius  of  a.  red  blood  cell. 
but  varying  coiisiderably  in  size.  Tliese  bacilli  were  sometimes  abundant,  sometimes 
scanty  in  tbe  blood,  lying  singly  or  in  heaps.  Meagre  cultures  were  obtained  in  three 
cases  in  beef  tea.  Tliey  did  not  seem  to  grow  on  tlie  ordinary  solid  media.  Bacilli 
similar  In  form  were  found  in  the  exudate  from  inQamed  mucous  membranes  in  measles. 
Tlic  observations  of  these  writers  are  interesting  and  suggestive,  but  until  they  shall 
have  been  conflmied  by  others  and  greatly  extended  nothing  can  be  asaumod  as  estab- 
lished regarding  llie  etiological  significance  of  the  germs. 

WHOOPINO-OOVOH.     (PertuMis.) 

Whooping  Coiigh  is  an  infectious  disease,  often  epidemic,  without 
characteristic  lesions.  There  may  be  au  associated  bronchitis  or  bron- 
cho-pueumonia. Several  observershave  isolated  bacilli  from  the  sputum 
iu  whooping-cough — many  of  theiu  closely  i-esemble  the  influenza  bacillus 
in  form  and  culture — but  the  proof  that  these  are  the  excitants  of  the 
disease  has  not  been  fumislied.' 

'  Consult  for  a  study  and  bibliography  Pearce.  "  Scarlet  Fever,  ils  Bacteriology  and 
Gross  and  Minute  Anaiomy,"  Med.  and  Surg,  Reports  of  the  Boston  City  Hospital, 
1868  and  1899;  also  Wairer,  American  Medicine,  April  18th,  1903. 

'  Freeman.  Arch,  of  Pediatrics,  February,  1900. 

'  Berliner  klin.  Woclienschr. ,  April  18th,  1892. 

'Koplik,  Centralblatt  fQr  Bakteriologie,  etc..  Ablh.  I.,  Bd.  xxii,,  p.  232,  1897; 
Waltli,  "Contributions  from  the  William  Pepper  Laboratory  of  Clinical  Medicine,"  1900, 
p.  4d0,  bibl. ;  Jochmann,  Zeitachr.  t.  Hygiene  u.  Iiifkr.,  Bd,  iliv.,  1903,  p.  498,  WW. 
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BEBI-BKBI. 


Beri-beri  is  a  disease  oF  wann  climai«s,  believed  by  some  observers  to  be  fnfeotlous 
Id  character,  by  others  to  be  due  to  UDSuitable  diet.  The  lesions  are  often  not  well  de- 
fined. There  are  in  some  cases  subcutaneous  ctdema  and  dropsy.  There  Is  often  de- 
gcDcratlon  of  the  peripheral  nerves  and  of  tlie  heart  and  voluntary  muscle.  The  bac- 
terial studies  which  have  been  made  upon  beri-beri  have  not  led  to  definite  results.' 


AOXTTB  BSmrUATIBlC. 

While  the  excitant  of  acute  rheumatism  is  unknown  there  is  much 
reason  to  believe  that  it  is  an  infectious  disease.  There  are  no  charac- 
teristic lesions;  but  various  joints  are  frequently  the  seat  of  slight  exu- 
dative inflammation,  serous  or  fibrinous  in  chatacter.  Albuminous  de- 
generation of  the  visceral  cells  with  hyperplasia  of  the  spleen  has  been 
noted.  The  disease  is  not  infreqaently  complicated  by  endocarditis  or 
pericarditis,  by  exudative  inflammation  of  the  lungs  or  pleura.  Various 
micro-organisms  have  been  found  in  the  body  in  acute  rheumatism ;  of 
these  the  pyogenic  cocci  have  been  most  frequently  isolated,  but  these 
are  probably  to  be  regarded  ouly  as  excitants  of  the  suppurative  or 
other  complications.  It  is  possible  that  more  than  one  form  of  infection 
is  embraced  imder  the  designation  rheumatism.' 


The  Excitant  of  the  Disease. 

The  excitant  of  the  disease  long  known  clinically  as  malaria  is  a  small 
anunal  parasite,  the  Plasmodium  malaria,  which  enters  the  red  corpuscles 
of  the  blood  and  in  the  course  of  its  development  destroys  them.  The 
destruction  of  each  cell  is  coincident  with  the  maturation  of  its  contained 
parasite,  which  s^ments  into  a  variable  number  of  spores,  or,  more 
properly,  merozoites,  a  phenomenon  which  is  also  coincident  with  the 
clinical  appearance  of  the  chill  and  its  accompanying  rise  of  temperature. 

These  parasites  of  the  red  cell  are  protozoa  belonging  to  a  special 
subgroup,  the  heemosporidia.  For  purposes  of  description  these  hiemo- 
sporidia  of  human  malaria  may  be  classified  into  three  species  or  types, 
each  of  which  incites  a  different  clinical  form  of  disease  and  each  of 
which  also  differs  from  the  other  types  in  its  morphology.  These  tyi)es 
are  the  tertiau,  the  quartan,  and  the  cestivo-autumnal  parasites. 

Tertian  and  QuariaiL  Types. — If  the  blood  of  a  patient  suffering  from 
tertian  fever  be  examined  shortly  after  a  chill,  a  number  of  the  red 
cells  will  be  found  to  contain  small,  highly  refractile,  actively  amce- 
boid  bodies  which  are  the  early  forms  of  the  plasmodia  or  merozoites. 

'  For  bfbUogTAphj  of  beri-beri  see  Sodre,  "  Twentieth  Century  Practice, "  Bd.  xiii. 
'For  summary  of  the  bacteriology  of  Rheuraatism  see  Poynton  and  Payne,  The 
Lancet,  Sept.,  1900,  pp.  861  and  832 ;  also  Poynton,  Practitioner,  vol.  Iiv.,  p.  23,  Jan., 
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The  latter  often  take  the  form  of  small  rings  sarrouDding  a  central  clear 
space.  This  is  especially  well  seen  in  stained  specimens  (Plate  I.,  Figs. 
1-4).  If  the  blood  be  again  examined  some  hours  later,  these  very  small 
forms  will  have  grown  to  a  considerable  extent,  and  small  brown  or  black 
granules  will  be  noted  in  the  body  of  the  Plasmodium.  This  pigment  has 
a  very  rapid  motion  inside  the  body  of  the  parasite.  If  the  blood  be  ex- 
amined at  intervals  for  forty-eight  hours  the  organism  may  be  seen  to 
have  grown  so  large  as  to  occupy  nearly  the  whole  of  the  red  cell  (Plate 
I.,  Figs.  5-12),  which  becomes  somevhat  swollen  and  pale,  the  latter  effect 
being  due  to  the  destruction  of  the  hsemoglobiu  of  the  cell  by  the  para- 
site, which  thus  produces  the  pigment  granules  of  melanin  with  which  it 
is  filled.  At  the  end  of  forty-eight  hours  the  pigment  has  collected  in 
the  centre  of  the  organism,  which  has  ceased  its  active  amoeboid  motion. 
Now  small  pale  spots,  which  are  the  nuclei  of  the  segmenting  mature 
form,  become  easily  visible  (Plate  I.,  Fig.  16),  and  finally  the  red  cell 
bursts,  and  the  small  merozoites,  each  containing  a  nucleus,  are  set  fi-ee 
to  enter  other  red  cells  and  to  repeat  the  cycle  in  another  period  of  forty- 
eight  hours.  A  certain  portion  of  the  free  merozoites  are  destroyed  by 
the  phagocytic  leucocytes  and  other  cells.  The  free  pigment  left  after 
the  segmentation  of  the  mature  fonns  is  also  collected  by  these  phago- 
cytes, ThHS  after  severe  and  prolonged  attacks  of  malaria  the  leucocytes 
are  frequently  filled  with  pigment. 

The  quartan  oi^anism  goes  through  a  cycle  similar  to  that  of  the  ter- 
tian, except  that  the  time  requii'ed  is  seventy-two  instead  of  forty-eight 
hours.  There  are  also  a  few  minor  differences  in  the  morpholc^ical  ap- 
pearance of  the  two  organisms.  Thus  the  small  early  amoeboid  forms 
of  the  Plasmodium  are  much  more  active  in  their  movements  in  the  ter- 
tian than  in  the  quartan.  The  pigment  in  the  tertian  is  very  fine;  iu 
the  quartan  It  is  often  in  small  blocks  or  rods  and  is  much  coarser 
(Plate  I.,  Figs,  22-25).  The  massof  segmenting  merozoites  in  the  tertian 
oi^uisui  is  quite  irregular  in  shajje  and  contains  from  fifteen  to  twenty 
individnals,  while  that  of  the  quartan  is  a  regular  rosette  in  shape  and 
the  merozoites  avenige  from  six  to  twelve  (Plate  I.,  Figs.  26-28). 

JEitivo-Antamnal  Type. — The  parasite  of  the  testivo-autumual  fever 
develops  in  the  blood  in  much  the  same  way  as  the  other  forms,  with  the 
e.xceptiou  that  the  amoeboid  rings  are,  as  a  rule,  smaller.  The  signet- 
ring  shape  is  more  marked,  and  the  pigment  is  less  abundant  (Plate  I., 
Figs.  31-34).  Another  peculiarity  of  this  organism  is  that  the  develop- 
ment of  the  lai^er  amceboid  fonns  takes  place  chiefly  in  the  bone  marrow 
and  the  spleen,  while  that  of  the  tertian  and  quartan  is  to  be  seen  in  the 
blood.  Thus  as  soon  as  the  Plasmodium  of  the  jestivo-aiitumnal  type  has 
grown  sufficiently  to  occupy  about  one-fourth  of  the  red  cell,  it  disap- 
pears from  the  peripheral  blood  and  can  be  found  developing  in  the  blood 
obtained  by  puncture  of  the  spleen,  or  in  fatal  cases,  from  the  bone  mar- 
row (Plate  I.,  Figs,  35,  36).  In  such  preparations  the  mature  plasmodia 
may  be  found  and  the  segmenting  process  followed  (Plate  I.,  Figs.  37- 
39).  The  organism  is  not  as  large  as  the  tertian,  as  the  segmenting  form 
usually  only  occupies  about  one-half  of  the  somewhat  shrunken  red  cor- 
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pnscle.  The  number  of  merozoites  formed  is  about  fifteen.  The  time 
of  the  developmental  cycle  in  the  blood  is  forty-eight  hours. 

In  the  blood  of  a  patient  infected  with  the  ^stivo-autumnal  parasite, 
Ihei-e  are  alwaj's  found  within  a  few  days  after  the  beginning  of  the  dis- 
ease a  moderate  number  of  crescent-shaped  bodies  with  pigmented  centres 
and  the  remnant  of  a  red  cell  about  them  (Plate  I.,  Figs.  43,  44).  They 
are  devoid  of  amoeboid  motion.  Tlie  exact  nature  of  these  orescentic 
bodies  was  quite  unknown  until  very  recently,  when  it  was  discovered 
that  they  are  cells  with  sexual  capabilities,  whose  function  seems  to  be 
the  prolongation  of  the  species  in  a  cycle  outside  of  the  human  boily.  It 
bad  long  been  known  that  certain  of  the  lai^e  mature  amoeboid  forms  of 
the  tertian  and  quartan  oi^aniums  and  the  crescents  of  the  sestivo-autum- 
iial  specira  did  not  undergo  aegineutatiun  into  merozoites,  but  remained 
circulating  iu  the  blood.  W'heu,  however,  the  blood  containing  these 
forms  waM  examined  in  a  fresh  condition  on  a  slide,  and  especially  if  the 
blood  iM^fore  being  covered  was  allowed  to  remain  in  a  moist  chamber  for 
a  few  niinntes,  changes  could  be  seen  to  take  place  which  had  not  l>een  ob- 
served in  perfectly  fresh  preparations.  Certain  of  the  mature  oi^nisms 
set  free  long,  actively  motile  flagella  which  entered  other  mature  forms. 
Iu  stained  preparations  it  could  lie  seen  that  each  flagellum  contained 
some  of  the  nuclear  chromatin  of  the  organism  from  which  it  ai'use,  and 
that  this  flagellar  chromatin  united  with  the  chroiuatiu  of  the  body  which 
the  flagelliun  entered.  The  crcscentic  forms  under  suitable  couditioua 
go  through  the  same  process,  the  male  crescent  giving  off  flitgella,  one  of 
which  in  turn  fertilizes  another  crescent  of  slightly  different  morphology. 

Evidently  this  is  a  sexual  process,  and  its  occurrence  only  in  blood 
which  has  been  drawn  from  the  body  suggested  the  probability  that  under 
ordinary  circumstances  it  takes  place  outside  the  human  host.  The  truth 
of  this  conjecture  has  ret-ently  been  established,  and  the  process  of  fertil- 
ization and  maturation  of  the  fertilized  oi^nism  has  been  found  to  occur 
in  the  stomach  of  a  partieular  genus  of  mosquito,  the  Anopheles.  No 
other  species  of  mosquito  is  capable,  according  to  our  present  knowledge, 
of  acting  as  host  to  the  Plasmodium  of  human  malaria,  though  the  organ- 
ism which  induces  malana  iu  birds  can  develop  in  a  mos<iuito  of  the 
geuns  Culex.  Whether  the  Plasmodium  can  carry  out  its  sexual  cycle 
under  other  conditions  than  iu  the  stomacli  of  the  Anopheh's  is  as  yet 
unknown.  If  aii  Anopheles  bites  a  patient  with  malaria,  the  blood  with 
its  contained  organisms  is  drawn  into  the  stomach  of  the  mos(|uito,  the 
flagella  are  given  off  from  the  gametes  and  enter  other  mature  forms  and 
fertilize  them.  The  fertilized  oi^anism  g<K's  through  a  complicated 
development,  and  the  resulting  sporozoitc  finds  its  way  in  the  coui'se  of 
a  few  weeks  to  the  salivary  glands  of  the  nios<jHito  host,  to  lie  injected 
into  the  blood  of  the  next  person  bitten.  The  si>orozoiles  enter  the  red 
cells,  becoming  the  small  amoeboid  forms  or  merozoites  already  described. ' 
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Description  of  Plate  L 


HEBmatozoft  of  Tertian  Malaria. 


FiQB.     1  to  4. .  .Small  riDg-shaped  merozoitea  of  tertian  malaria:  2  and  8,  multiple  in- 
vaaioa  of  a  aingle  red  cc-11. 
"       5  to  12 . .  Amaboid  forms  of  grad  ually  increasing  size. 

Fro.    18 Large  amoeboid  form  in  which  the  pigment  is  beginning  to  collect  as  a 

preliminary  to  segmentation. 
"     14 Pigment  still  more  clumped,  and  the  pale  areas  representing  nuclei  be- 
gin to  be  marked. 

"      15 Segmenting  form  with  an  irregular  mass  of  merozoites. 

■*     10 More  symmetricaltrpc  of  segmentation  witli  central  block  of  pigment. 

"      17 Free  merozoitea  afl«r  leaving  Ibe  red  cell. 

"      18 Gamete. 

"      19 MJcrogametocyte  vith  flagellaor  microganielea. 

Hamatozoa  of  Quartan  Malaria. 

FiQB.  30  and  31 .  .Small  ring  form  of  merozoitea. 

"     23  to  25 Amteboid  forms  with  coarse  pigment. 

"      20  "  38. ..  .Segmenting  forms, 

"      39 Gamete, 

"     30 MicrogametocyCe  with  microgametes  In  the  process  of  formation. 

HsBinatozoa  of  AatiTo-Autumual  Malaria. 

Figs.  31  to  34. .Small  ring  forms,  some  of  tbein  on  the  surface  of  the  corpuscle;  33  and 

33,  multiple  invasion  of  the  red  cell. 
"     39  and  36,  Amwboid  forms  found  in  the  peripheral  circulation. 
"     87  to  39 . .  I^rge  amceboid  forms  and  segmeatiag  parasites  found  only  verj  rarely 

in  the  peripheral  circulation,  but  abuuiautly  in  the  spleen  and  bone 

40  "  43. .Young  crescentlc  forms  not  found  in  the  peripheral  circulation,  but 
chiefly  in  the  boue  marrow. 
"     43  and  44.  Adult  crescents  or  gametes,  found  abundantly  In  the  peripheral  blood. 
"     45   "    46,  Microgametocyics  becoining  oval  and  preparing  to  give  off  microga- 

FiQ.    47 Microgainetocylc  giving  off  microgametea 
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The  details  of  the  process  of  fertilization  and  the  formation  of  the 
sexual  cells  which  are  capable  of  carrying  on  the  cycle  in  the  mosquito 
have  been  best  ot>Berved  in  the  testivo-autumnal  fevers,  so  that  the  stages 
will  be  here  described  in  connection  with  the  development  of  the  crescent 
gametes.  These  crescents  are  formed  chiefly  in  the  bone  marrow  from 
the  small  ovoid,  intracellular  bodies,  which  can  early  in  their  develop- 
ment be  distingoished  from  the  ordinary  amoBboid  forms  by  their  more 
abundant  coai'se  pigment  and  oval  outline. 

The  adult  crescents  are  quite  constantly  present  in  well-developed 
cases,  and  are  often  found  in  the  blood  after  treatment  with  quinine  has 
caused  the  disappearance  of  the  amoet>oid  bodies,  the  power  of  resisting 
the  action  of  drugs  l>eing  much  more  marked  in  the  crescents  than  in  any 
other  form  of  the  Plasmodium.  Two  types  may  be  distinguished,  both 
of  which  begin  as  small  amoeboid  forms  and  gradually  mature  into  oval 
or  creseentic  oi^nisms.  One  of  these,  the  microgametocytes,  or  the  cells 
producing  the  male  elements,  develops  and  gi^es  off  the  dagellum 
(micTOgamet«s) ;  the  other,  the  macrogametes  (female  elements),  neither 
form  nor  give  off  flagella.  According  to  Marchiafava  and  Biguami '  the 
microgametocytes  are  distinguished  from  the  macrogametes  by  the  fact 
that  in  the  former  (the  male  form)  the  pigment  is  gathered  in  a  fairly 
comx>act  mass  in  the  middle  of  the  crescent,  the  chromatin  is  more  abun- 
dant, and  the  entire  body  stains  faintly ;  while  in  the  female  form,  the  pig- 
ment surrounds  the  rather  scanty  nuclear  chromatin  in  a  ring  form,  the 
cell  body  stains  deeply,  and  no  flagella  are  given  off.  The  ciescents  in 
the  fresh  blood  show  no  am<£boid  motion,  and  even  the  pigment  is  mo- 
tionless. They  are  either  creseentic  in  form  with  the  pigment  collected 
at  the  centre,  or  they  may  be  spindle-shaped  with  somewhat  scattered 
pigment,  or  finally  short,  thick  ovoid  bodies  with  pigment  irregularly 
scattered  or  more  frequently  gathered  into  a  ring  about  the  nucleus. 
They  are  all  contained  in  red  blood  cells  (endoglobular),  the  faint  rem- 
nant of  the  red  cell  often  being  seen  as  a  delicate  line  stretching  between 
the  two  horns  of  the  crescent. 

The  formation  of  Amelia  (microgametes)  does  not  take  place  in 
the  circulating  blood;  it  begins  only  after  the  blood  has  remained  on  a 
slide  for  a  few  minutes  or  has  remained  for  some  time  in  the  stomach  of 
the  mosquito.  These  flagella,  usually  about  four  in  number,  bud  out 
from  the  periphery  of  one  of  the  microgametocytes,  which  has  assumed 
a  spherical  instead  of  a  crescent  shape,  and  grow  to  a  length  of  three  to 
flve  times  the  diameter  of  the  red  cell.  They  are  either  pointed  or  bul- 
bous at  their  extremities,  or  they  present  swellings  at  irregular  intervals. 
Their  motion  in  warm-stage  prepaiatiou  is  i-ather  rapid,  and  they  finally 
become  detached  and  move  about  free  in  the  serum  (Plate  I.,  Figs.  45, 
46,  47).  The  pigment  during  this  process  usually  remains  at  the  centre 
of  the  spherical  microgametocyte  and  is  actively  motile,  but  in  prepam- 
tions  stained  to  show  the  nuclear  chromatin,  the  latter  may  be  seen  to 
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peuetrate  the  flagella  Id  the  form  of  loDg  thin  rod^  which  remaia  after 
the  llagella  become  detached.  The  shell  of  the  red  cell  iu  which  the 
eresc-eiit  has  developed  can  rarely  be  seen  in  fresh  preparations  of  the 
fla^llate  forms.  These  flagella  penetrate  the  body  of  one  of  the  macro- 
gametes  present  in  the  slide  and  fertili7.e  it. 

This  process,  which  we  tiave  f  olloweil  i  n  an  artificial  preparation,  seems 
necessary  for  the  continuance  of  the  race,  and  is  normally  carried  out  in 
the  middle  intestine  of  the  mosquito  of  the  genus  Anopheles.  The 
actual  entry  of  the  microgamete  (spermatozoon)  into  the  niacrogamete 
has  been  observed  by  MacCallnm'  and  others  iu  fresh  blood  prepara- 
tions. 

If  a  patient  in  whose  blood  mature  crescents  are  present  is  bitten  by 
the  mosquito,  the  parasites  develop  iu  the  intestine  of  the  insect,  and  at 
the  end  of  two  days  the  fertilized  forms  may  be  found  adherent  to  the 
wall  of  the  intestine  as  small  pigmented  oval  bodies  quite  similar  to  the 
early  forms  of  the  crescents  developing  in  the  human  bone  marrow.  Two 
days  later,  the  parasites  or  oocysts  are  much  lai^er  and  haie  a  distinct 
capsule,  while  by  the  sixth  day  they  may  measure  from  60  to  80  •>.  in  diam- 
eter. They  contain  numerous  small  particles  which  are  nuclei  due  to 
the  frecjueut  division  of  the  original  nuclear  material,  and  the  capsule  is 
much  thicker.  At  the  end  of  a  week  the  parasite  contains  a  lai^  num- 
ber of  slender  threadlike  rods  with  pointed  extremities,  each  one  of  these 
rods  having  nuclear  chromatin.  The  parasite  or  oocyst  projects  through 
the  wall  of  the  intestine  into  the  ccelom  cavity  of  the  mosquito  host, 
and  when  it  ruptures  these  minute  rods  or  sporozoites  are  carried  by  the 
lymph  currents  to  the  salivary  glands  from  which  they  may  l>e  injected 
with  the  saliva  when  the  female  Anopheles  bites  another  subject. 

The  sporozoites,  after  entering  the  circulation  of  man,  attack  the 
red  cells,  and  become  the  small  amoeboid  forms  described  above.  In 
two  to  three  weeks  the  formation  of  the  gametes  takes  place,  and  the 
crescent  forms  api>ear  iu  the  blood. 

That  the  infection  of  man  in  this  way  is  possible  has  been  abundantly 
proven  by  allowing  mosquitoes  infected  with  (estivo- autumnal  orgauisins 
to  bite  healthy  pei-sona,  who,  after  a  period  of  incubation  of  about  ten 
days,  are  seized  with  an  KSti^'o-autumnal  type  of  fever,  and  the  character- 
istic organisms,  though  not  present  previously,  are  now  to  l)e  found  in 
the  blood.  The  mature  forms  or  gametes  of  the  tertian  and  quartan  fe^'e^8 
undergo  a  course  of  development  veiy  similar  to  that  of  the  lestivo-autum- 
nal  fever,  and  are  derived  from  the  blood  of  the  infected  patient  by  the 
female  of  the  same  genus  of  mosquito,  the  Anopheles  (Plate  I.,  Figs.  19 
and  30).  The  sporozoites  find  their  way  to  the  salivary  glands  of  the 
mosquito  and  enter  the  blood  of  the  person  infected  while  the  Anopheles 
is  biting.  These  sporozoites  then  enter  the  red  cells  as  the  small  amoe- 
boid forms  and  carry  on  the  sexual  cycle  in  the  blood  until  either  the 

'  MneCaUxiin,  "On  the  Htemaiozoan  Ipfectiona  of  Birds,"  Jour,  ot  Exp.  Med.,  vol. 
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tissnes  of  the  body  filially  overcome  the  parasile,  or  ti-eatmeut  with  qui- 
uiiie  destroys  the  meroKoiteM  by  means  of  its  toxic  ivctioii  on  these  iinnia- 
tare  forms. 

The  Lesions  of  Malaria. 

The  characteristic  lesions  of  acute  malarial  iiifectiou  are  fouud  iu  the 
blood,. the  liver,  spleen,  kidneys,  and  brain. 

The  alteratious  in  the  blood  are  chiefly  confined  to  the  diminution  in 
number  of  the  red  corpuscles,  due  to  their  destruction  by  the  parasites 
developing  iu  them  aud  to  a  reduction  in  the  hfemoglobin  content  of 
those  vhich  do  not  contain  parasites.  These  changes  are  apparently  due 
to  some  toxic  agent,  for  which  there  is  additional  evidence  in  the  poly- 
cbromatophilia  and  granular  degeneration  of  the  body  of  the  red  cell  so 
often  present  in  severe  malarial  infectious.  The  evidenceof  some  poison 
acting  on  the  protoplasm  of  the  red  cell  is  found,  not  only  in  those  cells 
iu  which  the  organism  is  developing,  but  is  more  abundant  iu  those  cells 
iu  which  no  Plasmodia  are  present. 

The  leucocytes  show  slight  qualitative  changes,  there  being  usually 
present  a  relative  increase  in  the  lai^  mononuclear  cells.  Pigmented 
leucocytes  are  often  seen,  and  in  very  severe  infections  large  macrophages 
loaded  with  pigment  may  be  seen  iu  the  cireulating  Mood,  In  severe 
cases  the  pigment,  which  is  derived  from  the  hatmoglobin  of  the  blood 
corpuscle  aud  fonns  the  granules  in  the  body  of  the  parasite,  may  be 
fouud  free  iu  the  general  circulation,  but  is  usually  soon  removed  by 
the  leucocytes  and  the  phagocytic  cells  of  the  liver,  spleen,  aud  bone 
marrow.  The  brain  in  cases  of  pernicious  sestivo-autumual  fever  is  often 
much  congested,  and  the  smaller  capillaries  may  be  filled  with  enormous 
numbers  of  the  Plasmodia  in  various  phases  of  development ;  there  may 
also  t>e  small  punctate  hemorrhages  in  the  white  matter.  The  deposition 
of  the  malarial  pigment  in  the  cortex  may  give  to  the  latter  a  dark  red- 
dish-brown color,  or  it  may  be  almost  black.  The  spinal  cord  shows 
similar  changes. 

The  liver  in  acute  cases  may  show  focal  necroses  resembling  those 
present  in  other  infectious  diseases.  The  endothelium  of  the  li\'er  capil- 
laries may  contain  much  pigment  (see  Fig.  359,  p,  502),  while  the  liunina 
of  the  capillaries  may  be  stuffed  with  plasinodia  iu  various  stages  of  de- 
velopment. The  Icidneya  may  show  albuminous  degeneration,  aud  while 
the  iutertwbular  capillaiies  may  be  filled  with  pigmented  leucocytes 
there  is  not,  as  a  rule,  a  great  accumulation  of  pla.smodia  iu  the  vessels, 
A  moderate  diffuse  nephritis  is  occasionally  seen.  The  capillaries  of  the 
mucosa  of  the  etomack  and  the  inlestines  may  be  filled  with  parasites  iu 
cases  with  choleraic  symptoms,  and  there  may  be  a  considerable  amount 
of  necrosis  hi  the  epithelium  of  the  mucosa  of  the  intestines.  The  bone 
marroK  usually  contains  lai^  numbers  of  the  Plasmodia,  chiefly  seg- 
menting forms.  A  good  deal  of  pigmentation  is  present,  and  an  active 
phagocytosis  is  carried  on,  mainly  by  the  giant-cell  macrophages  present 


ogle 


286  THE    INFECTIOUS  DISEASES. 

in  the  marrow.  Crescentic  orgaaisms  may  be  preseot  in  the  marrow 
eveu  if  these  have  not  been  present  in  the  blood  during  life. 

The  spleen  is  increased  in  size,  the  pnlp  is  softened  and  very  dark, 
the  Malpighian  bodies  are  not  well  marked.  Microscopic^ly,  the  organ 
is  greatly  congested-,  many  of  the  red  cells  are  invaded  by  the  Plasmodia 
which  are  often  in  the  segmenting  stage.  There  is  a  very  active  phago- 
cj'tosis  by  the  macrophages  present,  often  so  extensive  as  to  include  the 
red  cells  with  their  contained  parasites. 

In  the  chronic  cages  the  patient  may  become  extremely  antemic  with 
nucleated  red  cells  in  the  blood  and  a  great  reduction  in  the  number  of 
eiythroblasts.  The  spleen  is  greatly  enlai^ed,  the  capsule  thickened  and 
adherent  to  the  surrounding  tissues.  The  cut  section  of  the  oi^n  is  of 
a  dark  brown  or  slaty  black  from  the  deposit  of  pigments  The  Mal- 
pighian bodies  are  well  marked.  The  fibrous-tissue  trabecule  are 
thickened,  as  is  the  reticulum  of  the  pulp;  the  pulp  cells  are  pigmented. 
The  liver  shows  a  marked  pigmentetion,  especially  in  the  endothelium 
of  the  capillaries  and  in  the  so-called  perivascular  cells  described  by 
Kupflfer,  while  occasionally  there  is  a  moderate  amount  of  new  connec- 
tive tissue,  which,  however,  does  not  follow,  as  a  rule,  the  anatomical 
distribution  of  the  connective  tissue  in  the  usual  atrophic  cirrhosis.  In 
chronic  poisoning  the  kidneys  may  show  a  chronic  diflFuse  nephritis.  The 
bone  marrow  may  remain  fairly  normal  except  for  the  deposition  of  pig- 
ment, or  there  may  be  seen  a  marked  hyperplasia  with  replacement  of 
the  normal  fatty  marrow  of  the  shafts  of  the  long  bones  with  red  marrow 
containing  normoblasts  or  even  megaloblaets,  if  the  disease  has  been  long- 
continued  and  severe." 


Methods  of  ExftmloAtlon  of  the  Blood  in  Malaria. 

There  are  two  method!)  of  examiniag  the  blood  for  Plasmodia,  In  fresh  preparations 
and  in  stained  smears.  Both  require  considerable  trainiDg,  aa  tlie  artefacts  produced  by 
imperfect  tethniqiie  have  often  been  mistaken  for  or^nisms. 

The  Examination  of  Fresh  Bix)od. — To  examine  the  fresh  blood,  a  puncture  is 
made  iu  the  pulp  of  the  finger  and  a  perfectly  clean  cover-glass  just  touclied  to  the  top 
of  the  drop  of  blood  which  exudes  from  tlie  puncture.  Tlie  cover  is  then  dropped 
without  pressure  on  a  clean  slide.  The  diameter  of  tlie  drop  on  the  cover-glass  should 
never  exceed  2  mm.,  because  if  more  be  taken  the  corpuscles  cannot  spread  out  in  a  per- 
fectly thiu  layer,  but  will  overlap  each  other  and  the  preparation  will  be  useless.  The 
seiirch  for  the  organism  should  be  made  with  a  oue-twclfth  oil-immersion  lens  and  a 
moderate  fllumiuatioti.  The  organisms  are  best  recognized  by  the  actively  motile  pig- 
ment in  the  clear,  highly  retractile  cell  Iwdy. 

The  Exami\-.\tion  of  Bi.ood  Afteb  Fixation.— It  the  examination  cannot  be 
made  at  once,  staiueil  preparations  may  be  made.  The  smear  should  be  made  on  a  slide 
or  large  cover -glass.     It  is  best  fixed  in  a  mixture  of  formalin  and  strong  alcohol  for 

'  A  general  bibliography  of  malaria  to  1895  is  contained  in  the  excellent  monograph 
of  Thayer  aiid  Herreifon,  "The  Malarial  Fevers  ot  Baltimore,"  Johns  Hopkins  Hospital 
Reports,  vol.  v.,  1895.  The  more  recent  literature,  especially  that  relating  to  the  de- 
velopmeut  of  the  organisms  in  the  mosquito.  Is  in  Marehiafam  and  IHgnani,  article 
"Malaria"  in  "Twentieth  Century  Practice,"  New  York,  1900,  and  also  LOhe,  "Neuere 
Sporozoenforschung,"  Centralbl.  f,  Bakt.,  Bd.  xxvii,  and  xxviii.,  1900.  For  a  study  of 
structure  and  biology  of  Anopheles,  see  NuttaU  aiui  WiipUy,  Jour,  of  Hygiene,  vol.  i., 
1903.  For  practical  directions  tor  the  study  ot  mosquitoes,  see  BtikeUy,  "  Laboratory 
Work  with  Mosquitos,"  1902. 


ogle 


THE  INFECTIOUS  DISEASES.  287 

one  minute.  Theproportioasare  3  c.c.  of  a  ten-per-cent  solutioDof  fomialiD  to  100  c.c. 
of  strong  ethfl  alcohol.  The  orgaiuBiiia  are  most  easily  found  and  studied  In  prepara- 
tions colored  with  thionin.  The  formula  for  the  staiD  is  20  c.c.  of  a  saturated  boIu- 
Hon  of  thionin  iu  flftyper-cent  alcohol,  added  to  100  c.c.  of  two-percent  aqueous 
solution  of  carbolic  acid.  The  stain  requires  several  days  to  ripen  and  then  keeps  indefi- 
nitely. Its  action  is  rapid,  requiring  only  about  fifteen  seconds  to  color  the  malarial 
organ  ism  9  deeply. 

In  order  to  demonstrate  the  nuclear  chromatin  of  the  malarial  parasites  it  is  neces- 
sary to  use  special  stains,  the  most  useful  being  a  modification  of  that  originally  devised 
by  Romanowski  for  this  purpose  and  improved  by  Qiemsa.'  Two  substances  are  neces- 
sary; first,  an  aqueous  solution  of  "methlyene  azure  II.,  GrQbler,"  8  dgm.  to  the 
litre,  and  second,  an  aqueous  solution  of  eosin,  "extra  water-soluble.  HSchst."  These 
two  Stock  solutions  are  permanent  If  kept  in  dark-colored  bottles.  The  smears  to 
be  stained  are  fixed  in  methyl  alcohol  for  about  ten  minutes.  The  staining  mixture 
is  prepared  by  adding  1  c.c.  of  the  methylene  azure  II,  to  10  c.c.  of  the  eosin  solution. 
The  staining  mixture  is  poured  into  a  Petri  dish  and  the  slide  immersed  in  the  fluid 
with  the  blood  side  down.  The  process  is  complete  in  from  fifteen  to  thirty  minutes 
The  slide  is  washed  oS  for  about  ten  seconds  with  a  strong  stream  of  distilled  water, 
dried  in  the  air  without  beat,  and  embedded  in  dammar  dissolved  In  xylol,  A  simpler 
method  has  recently  been  published,'  which  is  better  adapted  for  clinical  work.  The 
smear  is  fixed  for  two  minutes  or  more  iu  methyl  alcohol,  then  stained  for  ten  seconds 
with  a  1 : 1.000  aqueous  eosin  solution,  the  latter  allowed  to  run  ofi  the  slide,  and  the 
smear  again  covered  witb  a  few  drops  of  a  one'fourth-per-cent  solution  of  methylene 
azure  II.  In  about  from  fifteen  Ip  thirty  seconds  the  staining  is  complete.  The  slide 
should  be  washed  in  distilled  water,  dried,  and  examined  directly  with  an  oil'immersion 
lens,  no  cover-glass  being  necessary. 

UTTECIIOUS  DISEASES  OF  nNElTOWN  OBIOIN. 

Notwithstanding  the  great  increase  in  our  knowledge  of  the  Infectious  diseases  made 
possible  within  the  past  few  years  by  the  new  methods  of  cultivation  of  micro-organisms 
and  by  animal  experimentation,  there  are  still  several  diseases  obviously  of  this  class 
whose  inciting  factors  are  wholly  unknown  to  us.  We  are  now  beginuing  to  realize 
that  we  must  not  confine  our  search  In  this  class  of  diseases  to  the  bacteria  alone :  but 
tliat  among  the  protozoa  may  be  found  most  important  infective  agents.  In  this  latter 
group  of  organisms  the  culture  methods  applicable  to  the  bacteria  do  not  furnish  tlie 
necessary  data  for  the  establishment  of  etiological  relationships.  While  the  significance 
of  the  malarial  protozoan  has  been  determinetl  without  cultures,  the  desirability  of  arti- 
ficial culture  methods  in  the  study  of  protozoa  is  daily  becoming  clearer. 

In  the  search  for  ttie  inciting  agents  of  infectious  diseases  which  have  as  yet  baffled 
investigation,  it  should  be  borne  in  mind  tliat  it  is  quite  possible  tliat  bacterial  and 
other  micro-organisms  may  exist  which  arc  ultra-microscopic ;  that  is,  so  small  as  to  be 
invisible  with  such  microscopic  resources  as  we  at  present  possess.  In  one  instance,  the 
infectious  peripneumonia  of  cattle,  Nocard  and  Roui  by  a  special  technique  have 
been  able  to  isolate  an  organism  so  small  that  its  morphological  ctiarocters  could  not  be 
learned  even  with  the  highest  available  magnification.  Experiments  with  the  filtration 
of  infectious  material,  especially  from  certain  communicable  diseases  of  animals, 
through  porcelain  filters  whose  pores  aie  so  fine  as  to  retain  ordinary  bacteria,  have 
shown  tl^t  the  infective  agent  may  pass  these  filters  and  though  revealing  no  morpho- 
logical elements  is  still  virulent.  The  possibility  of  the  existence  of  ultramieroscopic 
organisms  must  then  be  held  in  mind  in  our  summaries  of  infectious  diseases  whose  in- 
citing factors,  though  persistently  sought,  are  still  unknown.' 

'Cent,  f,  Bakt,,  vol.  xxxH.,  1903,  p.  807, 

«  Wood,  Medical  News,  August  8th,  1903,  p.  248, 

'For  a  most  interesting  and  suggestive  summary  of  recent  investigations  on  infec- 
tious diseases  of  unknown  origin,  see  Bektoen,  Jour.  Am.  Med.  Ansa.,  August  16th  and 
23d,  1908;  see  also  Amw,  "'Invisible'  Microbes,"  Bull,  de  I'Inst,  Pasteur,  tomei,,  100% 
pp,  7  and  49.  bibl. 
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THE  nrPEonocrs  sibsasbs  of  axtimaIjB. 

The  study  ot  comparative  pathology  is  ot  great  and  iDCreasiog  importaacc.  and 
already  much  light  lioa  been  llirown  on  tlie  nature  of  Iiuidbii  diseaBes  by  the  study  ot 
the  diseases  of  tlie  lower  animals. 

Wliile  this  is  true  of  pathology  in  general,  it  Is  of  especial  significance  in  the  study 
of  the  infectious  diseases  of  the  lower  animals,  not  only  as  they  occur  spontaneously, 
but  also  in  llelds  of  experimental  research. 

The  scope  of  this  book  does  not  permit  of  a  more  than  occasional  reference  to  ani- 
mal diseases,  but  the  reader  may  consult:  A'oatrd  ajui  Zedaiiiehe.  "Les  Maladies  Micro- 
biennes  ties  Animaux,"  Paris,  1898,  and  Frieherger  'ind  Fivbiier,  "lichrbuch  der  speci- 
ellen  Pathologic  und  Therapie  der  Hanslhiere,"  1806. 

Consult  also  the  files  of  I.itbitracli  and  Ottering .  **  Ergebnisse  der  allgcmeinen  Aeti' 
ologie  der  Menscben-  uud  Thicrkrankheitcn." 

BIBLIOORAPHY  OF  THE  UTFEOTIOUS  DISEASES. 


For  a  fuller  treatment  of  the  themes  considered  in  this  chapter  the  reader  may  con- 
sult among  the  larger  works: 

Kolle  and  Watmrmann.  "Handbuch  der  Mikroorganismen,"  1902-04. 

Flugge,  "Die  Mikroorganismen,"  18M.    This  is  in  many  respects  the  best  geueml 

Jtiaci,  "Bacteriologie, "  1901,     Has  recent  bibliography,  especially  the  French. 
Among  the  smaller  works  may  be  mentioned: 

Muir  and  Ritchie.  "Manual  of  Bacteriology,"  1903.     This  is  an  excellent  epitome. 

Ali>>olt.  "Principles  of  Bacteriology."  Especially  good  as  a  working  laboratory 
manual. 

Park,  "  Bacteriology  in  Medicine  and  Surgery,"  1899.  Presents  certain  hygienic 
and  public-health  aspects  of  the  subject. 

Witrlz.  "  Precis  de  Bacteriologie  elinique."  Summarizes  the  micro-organisms  whicl 
liave  been  found  !u  various  lesions. 

Iltiqtpe.  "Principles  of  Bacteriology."  English  translation  by  .lordan,  1809,  is  ai: 
admirable  general  treatment  of  the  subject,  based  upon  a  scientilic  rather  than  upoa 
the  traditional  conceptions  of  the  relationships  of  bacteria  to  disease. 

Lubarteh  aiul  Ottertag's  "  Ergebuisse  der  allg.  Aetiologie  der  Henschen-  u.  Thiei 
krankhcitcn  "  contains  valuable  resumes  and  bibliography,  issued  yearly. 

A  large  part  of  the  reconi  n[  recent  study  is  widely  scattered  in  monographs  ami 
journals. 
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CHAPTER  IX. 

TTJMQES. 
The  Nature  and  Characters  of  Tumors  in  General. 

The  word  tumor,  which  van  originally  applied  to  any  swelling,  has 
become  moi'e  and  more  strictly  limited  iii  meaning  until  it  is  now  com- 
monly iised  to  designate  certain  more  or  less  eirciimseribed  new  ti^iie 
growths  or  neoplasms.  But  the  formation  of  new  cells  and  new  tissues 
is  of  such  common  occurrence  under  normal  as  well  as  under  \'arioiis  ab- 
uonual  conditions  that  it  is  desirable  for  us  to  fix  if  possible  uiton  .some 
features  by  which  the  tissue  growths  called  tumors  may  be  distinguished 
from  other  normal  or  abnonnal  new-formed  tissues.  In  the  first  place 
tumors,  like  all  tissues  formed  in  tlie  body  after  embryonic  life,  are  pro- 
duced by  the  proliferation  of  cells  of  normal  tyjws,  eacb  of  its  kind. 

It  would  be  well  in  this  connection  to  remember  that  a  given  cell  of 
whatever  type,  be  it  of  connective  tis.sue,  muscle,  gland,  or  nerve,  can 
fully  maintaiu  the  characters  of  its  type  only  so  long  as  the  conditions 
of  its  life  do  not  greatly  differ  from  those  under  which  by  adaptation  to 
environment  the  type  was  finally  fixed.  The  charactei-a  of  cells  are 
largely  shaped  by  heredity,  and  these  cliaracters  are  maintained  with 
great  tenacity,  but  both  in  form  and  fnuction  cells  may  be  largely  swayed 
by  esternal  influences.  The  marks  of  departure  fi-om  the  tyi*  in  cells 
subjected  to  an  unusual  emironment  may  be  evident  when  expivssed  in 
form  or  structure,  and  sometimes  in  function,  but  it  is  well  not  to  forget 
that  even  our  most  refined  methods  of  study  of  cells  leave  hy  far  the 
greater  part  of  their  metabolic  performances  wholly  in  tlie  dark,  while 
we  seem  as  yet  to  be  only  on  the  threshold  of  knowledge  of  their  structu- 
ral details. 

These  considerations  are  esj)ecially  impoi'tant  in  the  study  of  tumors 
as  of  all  new  tissue  formations,  beeau-se  the  key  to  oiir  understanding  of 
these  lies  largely  in  the  appreciation  of  the  fact  that  every  cell  in  the 
differentiated  tissues  comes  fi-om  a  cell  of  the  same  type.  But  this, 
which  is  sometimes  called  the  principle  of  legitinuite  succession  in  cells, 
assumes  that  the  conditions  nnder  which  the  life  of  the  new  cell  is  main- 
tained .shall  not  depart  too  widely  from  the  normal,  that  is,  the  usual. 
The  bearing  of  this  limitation  will  be  evident  as  we  proceed  in  our  study 
of  tumors. 

The  capacity  for  cell  proliferation  is  most  marked  in  the  embryo  and 
during  the  earlier  periods  of  individual  life.  Wheu  the  body  attains  its 
development,  the  power  of  cell  reproduction,  as  we  have  seen — see  Re- 
genei-ation,  p.  94 — is  largely  limited  to  si>ecial  forms  of  tissues,  such  as 
conuective  tissue,  the  blood,  and  certain  kinds  of  epithelium.  This 
19 
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constant  iionual  regeneratiou  makes  good  the  wear  aud  tear  of  normal 
cell  life.  But  here  the  capacity  for  multiplication  in  the  cells  is  closely 
coufiued  to  the  requirements  of  the  body.  A  definite  physiological  con- 
trol is  evident,  similar  in  character  to  that  under  which  in  normal  devel- 
opment the  amount  of  new  tissue  is  limited  and  its  adaptation  to  the 
oi^uism  as  a  whole  secured. 

Under  normal  conditions,  furthermore,  there  may  be  a  very  large 
new  formation  of  tissue  under  special  physiol<^ical  excitation,  as  in  the 
mammary  gland  aud  the  uterus  in  pregnancy.  But  here  also  the  charac- 
ter and  amount  and  the  functional  capacity  of  the  new  tissue  are  strictly 
limited  and  subservient  to  the  welfare  of  the  individual. 

Let  us  now  turn  from  these  normal  new  tissues  to  those  which  are 
abnormal.  We  have  already  seen,  especially  in  our  study  of  infianuua- 
tion,  that  new  tissues  may  form  even  in  considerable  amount  under 
abnormal  conditions,  such  as  Injury  with  subsequent  repair;  excessive 
functional  activity  as  in  various  hyperplasise ;  and  under  circumstances 
which  involve  a  special  and  little  understood  persistent  stimulus,  as  in 
interstitial  inflammations.  But  under  these  various  conditious  also  the 
tissue  growth  is  local,  typical  iu  structure,  usually  limited  in  amount, 
and  in  most  cases  appears  measurably  to  accord  in  nature  and  distribu- 
tion with  the  maintenance  of  the  structural  integrity  and  general  welfare 
of  the  individual.  The  new  tissue,  in  other  words,  maintains  under  all 
these  varied  conditions  a  definitely  co-ordinated  relationship  to  the  body 
as  a  whole. 

Wbile  it  is  as  yet  impossible  to  define  tumors  in  such  a  way  as  abso- 
lutely to  distinguish  them  from  such  other  new  tissue  formations  as  we 
have  just  cited,  they  are  in  general  characterized  by  such  irregularity  in 
growth  both  in  structure  and  extent;  by  such  a  lack  of  relationship  to 
the  functional  requirements  of  the  individual,'  by  such  an  independence 
of  that  subtle  physiological  restraint  which  limits  cell  growth  and  pro- 
liferation in  the  normal  body,  that  their  distinguishing  character  is  per- 
haps best  indicated  by  the  word  aulottomy,  or  by  the  more  striking  sug- 
gestions of  the  term  cell-anarchy.  The  autonomous  or  independent 
character  of  tumors,  as  has  l>eeu  very  clearly  formulated  by  Thoma,  is 
especially  manifested  in  the  distinct  limitation  of  the  growtli  at  the  start ; 
in  the  tendency  to  variation  iu  the  structural  type ;  in  various  functional 
aberrations  of  the  new  cells;  in  their  interference  by  compression  or 
otherwise  with  adjacent  parts;  in  their  proneness  to  multiply  through 
local  or  distant  transplantation  of  cells;  and  finally,  in  their  liability  to 
various  forms  of  degeneration  and  necrosis. 

The  reason  why  we  cannot  more  accurately  characterize  timiois  in 
distinction  from  otlier  new  tissue  formations  is  chiefly  because  we  do  not 
yet  know  what  are  their  immediate  excitants.  To  this  subject  we  shall 
presently  return,  but  we  must  first  look  at  the  general  characters  of 
tumors. 

'  All  examplt  of  a  ccrtuin  physiological  iniiejicudence  io  tuniore  is  seen  iu  lipomata, 
iu  wlilcli  a  large  amount  of  fat  tissue  may  persist  iu  an  illnDurishei:!  iaillviiJual  whose 
fat  lias  otlierwisc  almost  wholly  disappcaiLil  ;  oriu  niyomatu  of  an  extremely  atrophied 
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Tiscne  Types  in  Tumors. — Tamors,  as  we  have  seen,  are  composed  of  the 
same  types  of  tissue  as  those  normally  existing  in  the  body,  and  from 
the  latter  they  are  derived  by  a  proliferation  of  pre-existing  cells.  Thus 
tumors  of  the  couneetive-tissue  type  originate  in  connective-tissue  cells, 
of  the  epithelial -tissue  type  in  epithelium,  of  muscle  in  muscle,  etc. 

Toniors  are  not  only  analogous  to  the  normal  tissues  of  the  body  in 
structure,  but  their  life  history  is  manifested  under  the  same  general 
laws  of  nutrition,  growth,  repi-oduction,  etc.  They  are  supplied  with 
blood-vessels  which  grow  into  them  from  adjacent  healthy  parts,  just  as 
these  do,  for  example,  into  granulation  tissue,  so  that  they  may  finally 
possess  a  more  or  less  independent  vascular  system  of  arteries,  capil- 
laries, and  veins.     They  have  lymph-vessels  aod  some  of  them  neivea.' 

While  the  cell  divisions  by  which  tumors  grow  exhibit  in  general  the 
same  minute  phenomena  as  does  cell  division  in  normal  tissues  (see  page 
95),  abnormal  mitosis  is  frequent.  Thus  it  may  be  multipolar;  the 
chromatic  substance  may  present  great  irregularity  in  form  and  amounb 
(Fig.  30,  page  97) ;  there  may  be  incomplete  nuclear  division,  or  the  new 
nuclei  may  vary  in  size  and  form.  While  all  these  abnormalities  may 
occur  iu  the  new  tissue  formations  and  may  be  experimentally  incited, 
they  are  unusually  frequent  in  certain  tumors  and  mark  one  of  the  ways 
in  which  the  lawlessness  of  tumor  growths  is  manifested, 

D^eneratlve  and  Dutmctive  ProcesHS  in  Tomon. — Tumor  tissues  are 
subject  to  the  same  degenerative  changes  as  other  tissues;  they  may 
become  fatty  or  calcified,  ulcerated,  gangrenous,  pigmented,  etc  By 
necrosis  a  tumor  may  be  lai^ely  destroyed,  though  complete  obliteration 
rarely  occurs  iu  this  way.  They  are  liable  to  undergo  the  ordinary  in- 
flammatory changes,  granulation  tissue  may  form  in  them,  and  abscesses 
and  cicatrices. 

The  rapidity  of  growth  of  tumors  varies  greatly ;  some  grow  very 
slowly  indeed  and  may  change  but  imperceptibly  in  size  and  appearance 
for  years,  while  others  grow  so  fast  that  they  do  not  acquire  solidity,  and 
their  elements  remain  in  an  incompletely  de^'eloped  condition  and  are 
thus  more  liable  to  destructive  changes  than  are  normal  tissues.  In 
healthy  tissues  the  blood-vessels  are  supported  by  surrounding  elements, 
which  aid  them  in  sustaining  the  blood  pi-essure  from  within.  In  rap- 
idly growing  tumors  this  external  support  is  often  lacking,  and,  as  the 
walls  of  the  blood-vessels  are  themselves  often  badly  formed,  the  result 
is  that  the  walls  are  apt  to  become  pouched  or  aneurismal,  and  they  often 
burst,  giving  rise  to  lai^r  or  smaller  interstitial  hiemorrhages. 

Shape,  Size,  and  Modes  of  Sztension  of  Tnmors. — Tumors  have  various 
shax>es:  nodular,  tuberous,  fungoid,  polypoid,  papiHarj',  dendritic,  l«ibu- 
laled,  etc.  (see  Fig.s.  139,  140,  141). 

Tumors  may  occur  singly  or  in  greater  or  less  numbers  in  the  same  or 
in  different  parts  of  the  body.  If  they  be  multiple  they  may  have  oc- 
curred simultaneously  or  at  different  times  as  independent  strnctiires. 
Or,  multiple  tumors  may  occur  as  the  result  of  the  dissemiuatioii  in  the 
body,  from  a  primary  tumor,  of  cells  which  form  a  starting-point  for 
tumors  seo  louiij.  Jour.  E.-iper.  Meil.,  vol.  ii.,  p.  1,  1897, 


^C 


x^glc 


292  TITMORS. 

new  tumors.     Ma,iiy  tiiiuoi-s  are  shiiiply  ciixjumscribed,  may  be  even  en- 
capsuluted,  aiid  iiiHiieiioe  surrounding  parts  ouly  by  the  iHcssnre  wbit-ii 
they  exert  upon  tliem.     In  this  way  they  may  cause  displacement,  atro- 
phy, or  necrosis;  they  may,  by  pressure  on  neighboring  vessels,  induce 
cedeina,     thrombosis,     etc. ; 
they  may  in  the  Siuuo  way 
lead  to   dislocation  and  ca- 
ries of  bones. 

Tumora  may  grow  lai-gely 
by  increase!  of  elements  wit h- 
iu  them,  thus  simply  expand- 
ing;    this    is   ciillcd  central 
groiclh.     They  may  grow  iu 
part  or  hirgely  at  tlie  sur- 
face— peripheral  groirth.      In 
this  Ciise  the  growth  may  be 
a  direct,  continuous  enlarge- 
Fiu.  laH.-ML-LTiFLE  NuuL'LAH  c«ARcuM:iTA  uv  TiiK  SKIN,      ineut  of  tlic  iitsss  at  Or  Hear 
the  i)eripliery,  or  it  may  be  . 
by  the  formation  of  secondary  nodules  near  the  primary  growth,  which, 
gradually  enlarging,  finaly  coalesce  with  the  latter,  forming  a  part  of 
the  iHxbilar  tnnior.   This  nio<1c  of  enlargement  is  called  d'mronthiaotu 


pi'riphcral  grmdh,  and  is  due  to  the  dissemination  of  cells  from  the  mother 
tnnior  into  the  adjaceut  tissue  throngh  the  blood  or  lymph  channels,  and 
their  proliferation  at  the  points  of  lodgment.  This  dissemination  may 
occur  by  the  agency  of  blood  or  lymph  currents  or  by  the  amoeboid  move- 
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meiits  of  the  cells.  Those  new  cells  formed  in  tumors  which  arc  ohar- 
artf'i-islic  of  the  growth  iire  all  (iesoeiidatits  of  the  cells  in  which  the 
ueoplaiiiu  starts  aiid  inaiutiiin  their  general  typv.  But  the  old  tissue  of 
the  iiart  iu  which  the  tumor  grows  may  remain  with  its  vessels  and  form 
a  matrixwhose  interstices  are  filled  with  the  newtnmortissue;  or  the  old 
tissue  may  fnruish  the  start  ingimiiit  for  a  new  growth  of  a  fibrous  and 
vascular  nutrient  and  sustaining 
stroma. 

■etastaais  of  TDmon. — All  tn- 
mom  are  not  limited,  as  we  have 
seen,  tothat  part  or  region  of  the 
Ijody  in  which  they  first  occur. 
Sooneror  later  secondary  nodules 
resembling  the  first  may  be  found 
indistautpartsofthe  body,  some- 
times singly,  Rometinies  in  great 
numbers.  These  uuiy  grow  like 
the  parent  tumor,  and  them- 
selves form  foci  for  new  dis- 
seminations. 

This  dissemination  of  tumors 
is  one  of  the  most  important 
elements  of  malignancy,  and  is 
Killed  metatiasis,  the  secondary 
tumors  being  calleil  viHaMatie 
tumors.  Thisoecurs  by  the  trans- 
portation of  tumor  cells  through 
the  bUKHl  or  lymph  chanuels 
(Fig.  142).  Siuce  the  tumor  it- 
self may  contain  new  and  badly 
formed  blood  and  lymph  vessels, 
and  its  structures  l>e  in  cIom^  con- 
tact with  the  vessels  of  the  tissue 
in  which  it  grows,  the  cells  of 
the  primary  tumor  may,  by  ul- 
ceration   through    or  by  atrophy        Fw.  141.— AnoduUrpolypoWiumoi-HlbromB— hanBlng 

of  the  walls,  readily  find  tlieir 

way  into  the  lunieu  of  the  vessel  and  Im'  swept  away  by  cnri-eiils  jis 
emboli,  and,  finding  lodgment,  prolifenvte  und  grow,  forming  sinrouthiry 
tumors;  or  the  proliferation  may  occur  in  the  vii.s«;uhir  eudothelinm 
itself,  when  the  formation  of  emboli  isesLsy  tonnderstaud.  When  carried 
through  the  lymph  vessels  the  tumor  cells  may  f<u'  some  tinu';  he  kcjit 
f i-om  the  larger  channels  and  from  general  diss«'mination  by  lodgment 
in  the  lymph-nodes,  whei-e  they  may  establish  indejieudent  tmimrs. 

The  tumors  in  which  mctu.-itasis  is  most  apt  to  occur  are,  iis  a  nilc, 
those  which  grow  rapidly,  are  vascular  and  succulent,  and  contain  many 
cells.     The  narts  of  the  body  in  which  metaslutic  luiuors  are  most  apt  to 
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form  depend,  of  course,  upon  the  situation  of  the  primary  tnmor  and  the 
distribution  of  the  vascular  chauuels  through  which  disseiaination  occni-s. 
Metastasis    affords   one    of    the    most 
noteworthy  examples  of  the  great  prolif- 
erative   capacity   of  the  cells   of  lualig- 
naut  tumors.     For   in  the   metastasis  of 
normal   tissue  cells,   such   as    not  iiifi-e- 
quently  occurs  after  injuries  to  the  boiie.* 
or  the   liver,    for  example — the  80-calle<l 
parenchyma  cell  emboli — the  transported 
cells  invariably  soon  die  and  are  disposeil 
of  as  foreign   bodies.      But  the  exalted 
proliferative  capacity  of  detached  tumor 
f L(i,  iffl.~A  tumor-cell  embolus,  ktowliw  '^"^  cuables  tUeiu  lu  spitc  of   adverse 
ISimMi*ii^L^a"nthe''m"Bl^''""  '"^  couditloiis  to  establish  and  maintain  fresh 
foci  of  vigorous  tissue  growth. 
The  Malignancy  of  Tnmon. — Not  less  variable  thau  the  size,  mode  of 
growth,  and  structure  of  tumors  is  their  significauce  in  the  organism. 
It  is  customary  to  classify  tumors,  for  practical  purposes,  as  mnUffnant 
and  benign,  and  for  a  long  time  malignant  tumor  and  cancer  or  cai-cinoma 
were  synouymous  terms.    Now  we  know  that  other  tumors  as  well  as  car- 
cinomata  are  inalignaut,  and,  furthermore,  coutrary  to  the  former  belief, 
that  malignancy  does  not  depend  upon  any  specific  extracellular  agent  in 
the  tumor.     By  the  malignancy  of  a  tumor  is  not  meaut  merely  the  gniv- 
ity  of  its  presence,  for  a  simple  fat  tumor,  by  pressing  on  the  trachea, 
may  lead  to  suffocation,  and  any  tumor  may  secondarily  cause  death  by 
luemorrhage.     The   real   elements  of  malignancy  in   a  tumor  are:   1. 
Invasion  of  iidjacent  tissues  bj'  eccentric  or  peripheral  growth.     2.  The 
tendency  to  local  recurrence  after  removal.     3,  The  formation  of  metas- 
tases.    4.  An   interference  with  the   nutrition  and  general  well  being 
of  the  body,  which  may  give  rise  to  a  condition  known  as  cachexia. 
The  modes  of  invasion  of  surrounding  tissues  and  the  formation  of  me- 
tasta-ses  have  been  considered  above.     The  tendency  to  local  recurrence 
after  removal  is  probably,  in -most  cases,  due  to  the  incomplete  removal 
of  the  iwriphcral  infiltrating  cells.     These  may  be  very  few  iu  number 
and  lacking  in  characteristic  structural  featui-es,  but  are  none  the  less 
endowed  with  the  capacity  of  jirolifenitiou  and  development  into  a  new 
and  similar  tumor  at  or  near  the  seat  of  the  one  extirpated.     The  iuSl- 
ttating  peripheral  cells  may  remain  doiiuant  for  a  long  time  after  an 
oi>eratiou,  or  may  immediately  commence  to  grow.     But  the  meiB  fact 
that  a  second  tumor  develops  in  the  place  of  one  removed  does  not  imply 
malignancy,  since  this  may  result  from  a  continuance  of  the  conditions 
which  induced  the  first. 

The  drain  upon  the  sjstem  by  the  i"apid  gi-owtli  of  a  tumor,  together 
with  the  absorption  from  it  into  the  body  of  deleterious  putrefactive  ma- 
terials, from  s]oughi]]g,  ulceration,  and  degeneration,  or  the  occurrence 
in  it  of  local  infection  with  various  micro-organisms  may  give  rise  to 
fever  and  other  constitutional  disturbances.     Or,  the  tumor  may  induce 
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feebleness,  aniemia,  and  that  general  impairment  of  the  nutritive  func- 
tions of  the  t«}dy  known  as  cachexia.  This  condition  is  frequently  ren- 
dered worse  by  the  mental  status  of  the  patient  in  the  presence  of  such 
a  traditional  object  of  alarm. 

It  should  be  remembered,  however,  that  so  long  as  they  are  loealii'^d 
and  have  not  undergone  degenerative  changes,  even  the  most  malignant 
tumors  do  not  usually  give  rise  to  a  cachexia,  since  the  drain  upon  gen- 
eral uutritiou  by  their  simple  growth  is  not,  under  ordinary  conditions, 
verj-  great.  When  the  system  is  deteriorated  by  the  absorption  of  septic 
materials  from  tissue  degeneration,  however,  this  may  become  a  veiy 
important  factor. 

This  condition  of  cachexia,  so  evidently  secondary  to  the  growth  and 
degeneration  of  Ihe  tumor,  was  fonuerly  termed  a  dyscrasia  or  diathesis, 
and  was  supposed  to  precede  and  induce  the  growth  of  malignant  tumors, 
particularly  cancers. 

It  is  further  to  be  noted  that  the  fragments  of  tumors  which  have 
found  access  to  the  vessels  may  act  as  simple  emboli  leading  to  immediate 
death,  or,  if  infected,  may  incite  metastatic  abscesses. 

It  was  formerly  supposed  that  the  cells  of  malignant  tumors,  particu- 
larly of  carcinomata,  had  a  characteristic  structure  and  appearance,  and 
that  by  the  examination  of  single  or  of  a  few  sepai-ate*!  cells  the  natuie 
of  the  tumor  could  he  determined.  From  the  above  considerations  it 
will  be  evident,  since  all  tumor  cells  have  their  prototypes  in  the  normal 
body,  that  there  is  nothing  pathognomonic  in  the  appearances  of  single 
cells.  It  is  by  a  study  of  the  general  structure  and  of  the  topography 
of  tumors,  as  well  as  of  the  characters  of  the  individual  cells,  that  we  are 
enabled  to  detenuine  their  nature.  And  even  then  we  must  often  bring 
to  our  aid  the  clinical  history  and  gross  appearances  of  the  growth  be- 
fore a  definite  conclusion  can  be  reached.  We  may  indeed  sometimes, 
aided  by  the  clinical  history  or  gross  ap|)earauces,  be  able,  by  the  micro- 
scopical examination  of  scrapings  from  a  tumor  or  of  fluids  from  au 
internal  canity  in  which  it  is  growing,  to  form  a  reasonable  conjecture 
regarding  its  nature.  As  a  rule,  the  peripheral  jrortious  of  the  more 
rapidly  growing  tumors  are  be-st  adapted  fQr  microscopical  examination, 
because  here  secondary  degenerative  changes  arc  less  likely  to  have  oc- 
curred than  in  the  central  parts. 

The  Transplantation  of  Tumors. — In  view  of  the  frequency  with  which 
fresh  foci  of  tumor  cell  growth  are  established  in  the  ssvme  individual  by 
metastasis,  by  transplantation  over  serous  surfaces,  or  on  apposed  mucous 
membranes,  and  stimulated  by  the  few  reeoi'ded  cases  in  which  tumors 
seem  to  ha^e  been  incited  in  another  individual  through  transference  of 
the  cells  by  contact,  it  is  not  surprising  that  a  great  deal  of  experimenlal 
work  has  been  done  upon  the  artificial  transference  of  tumors  by  I'arious 
forms  of  grafts  or  transplantations  from  man  to  the  lower  animals  and 
from  animal  to  animal  both  withiu  and  without  the  limits  of  species. 

The  scope  of  this  work  does  not  permit  a  review  of  these  iiitei-esting 
researches.     But  it  may  be  said  in  general  that  they  have  been  almost 
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always  uiisuccessfiil  save  in  a  verj-  few  iustauces,  witliiii  the  limits  of  tlie 
same  animal  species,  aud  e^'eu  here  the  uew  groTi-ths  at  the  seat  of  traos- 
plautatiou  hai-e  been  usually  trausitory  or  of  doubtful  eharaeter.  The 
transferred  tumor  tissue  is  usually  absorbed  as  foreign  bodies  commonly 
are,  aud  the  uew  tissue  growths  which  have  been  not  infrequently  de- 
scribed are  apparently  for  the  most  part  of  inflammatory-  nature. 

We  are  forced  in  all  these  experiments  to  recognize  subtle  physiologi- 
cal conditions  peculiar  to  even  closely  related  species  of  animals  without 
which  their  cells  cannot  flourish  or  long  exist.  Grafts  of  healthy  tissue 
from  individuals  of  the  same  species,  especially  of  epithelium,  may  in- 
deed, as  is  well  known,  grow  for  a  time  aud  form  foci  of  abundant  new 
cell  production;  but  in  such  cases  the  new  tissue  is  strictly  subordinated 
to  the  physiological  requirements  of  the  host  and  does  not  assume  the 
characters  of  an  autonomous  neoplasm.' 

The  Etiolc^y  of  Tumors. 

The  etiology  of  tumoi-s  is  one  of  the  most  complex  and  in  many  ways 
difficult  subjects  in  general  pathology,  and  with  the  limitations  which 
the  character  of  this  work  imposes  we  can  touch  only  briefly  upon  some 
of  its  more  important  aspects,  referring  to  more  extended  works  aud  to 
mont^raphs  for  a  vast  amount  of  statistical  and  experinieutal  data,  as 
well  as  for  the  many  more  or  less  plausible  hypotheses  which  have  been 
framed  in  (he  attempts  to  comprehend  these  auamalons  nmnifestatious 
of  cell  energy. 

General  ConditiouB. — We  shall  first  consider  some  of  the  general  con- 
ditions which  seem  to  have  a  tearing  upon  the  occurrence  of  tumors. 

Age. — M'hile  it  may  be  said  in  general  that  tumors  are  most  frequent 
in  adult  and  advanced  life,  it  is  notewoithy  that  tumors  of  the  connective- 
tissue  type  are  apt  to  develop  earlier,  while  the  epithelial  tuiuoi^  are 
more  fi-equent  in  the  later  periods.  Tluis,  in  one  thousand  and  sixtj'- 
tliree  cases  of  epithelial  tiimors  analyzed  by  Gallard,  only  six  occurred 
in  the  first  ten  yeai'S  of  life.  The  most  common  situation  of  tnmoi's  dif- 
ft'i"s  also  in  the  young  and  Jn  the  old.  Thus,  in  the  earlier  yeai"s,  as 
statistics  show,  the  most  frequent  seat  of  tumors  is  the  eyes  and  their 
aduexa,  the  kidneys,  bones,  and  testicles;  whereas  in  adults  and  the  aged, 
the  stomach,  uterus,  livei',  and  mamma  ai-e  most  commonly  involved. 

Ser. — Rex  is  also  a  significant  faetor  in  the  development  of  tumors, 
especially  of  those  which  are  malignant.  Thus,  in  general,  it  may  be 
said  that  the  statistics  indicate  malignant  tumors  to  be  about  twice  as 
frequent  in  females  as  in  males.    This  proportiou,  however,  does  not  hold 

'  The  rp$!iiltRof  experimenlal  tranapkntailon  of  tumors  have  been  well  SMmmarized 
— witli  bibliognipliy — itv  3fi:iictn'pr  in  Boncliiiixi's  "Tniite  dc  Pfttliologie  geQerale."  vol, 
iii.,  Partii.,  i),  752;  also  by  Sittfr.  Am,  Jour.  Mpil.  S<-ii-nce8,  vol.  rxx..  p.  190. 1900,  bibl. 
Ilk'c  fiirtiier  Aiehnlt.  Jour.  Boston  Soc.  Med.  S<ii'iiPea,  vdl.  v..  p.  34,  IBOO.  Consult  also 
for  llif  results  of  the  trail splantal ion  iif  ciiibrvtiual  ct'Usin  the  adult  animal's  body, 
Birch-IHTtehffld  and  Garten,  Zlegler's  Beltrilge.' Bd.  xxvi..  p.  183. 1899.  bililiography : 
see  Zrtrf,  Jour.  Mwi.  Research,  vi>l.  vl.,  p.  2S;  also  resume  by  Im^.  with  bibl.,  Jour. 
Am.  Med.  Assn.,  April  lltb,  IWW;  also  Puiteni;  .Medicine.  March.  1908. 
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good  for  tumors  of  the  iodividiial  orgatiB.  For  example,  tumors  of  the 
stomach  and  of  the  tongue  aud  lips  are  more  frequeut  iu  men  than  in 
women.  On  the  other  hand,  tumors  of  the  breast  are  far  more  common 
in  women  than  in  men. 

Heredity. — While  the  influence  of  hei-edity  is  difficult  to  estimrtte  ac- 
cnrately.  there  are  a  few  well -authenticated  instances  of  the  remarkable 
prevalence  of  malignant  tumors  in  families  witbiu  a  few  generations. 
The  general  facts,  however,  are  not  so  striking.  The  statistics  of-Wil- 
lianis  showed  that  in  two  hundred  and  thirty-five  cases  of  carcinoma  of 
the  uterus  or  breast,  about  nine  per  cent,  gave  a  history  of  carcinoma  in 
father  or  mother,  while  in  nearly  twenty  per  cent,  there  was  evidence  of 
carcinoma  in  the  family.  In  the  estimates  of  other  observers,  the  hei-ed- 
itarj'  influence  seemed  evident  in  about  one-third  or  one-fourth  of  the 
cases.  It  is,  however,  instructive  in  this  connection  to  note  that  in  a 
study  by  Snow,  of  seventy -eight  healthy  ]>ersons  there  was  evidence  of 
carcinoma  in  the  family  in  abont  one-flfth  of  the  cases. 

It  is  clear,  therefore,  that  while  such  statistics  are  suggestive  and  on 
the  whole  indicate  that  an  hereditaiy  predisposition  to  the  development 
of  tumors  may  exist,  this  does  not  in  any  way  account  for  the  inunediate 
incitement  of  the  growth  of  tumors,  and  is  indeed,  as  Meu(!'trier  has  urged, 
but  one  of  many  examples  of  hereditary  piedisposition  which  is  oliserved 
in  many  forms  of  disease,  snch  as  infections,  cerebral  apoplexy,  etc. 

The  influence  of  climate,  food,  race,  and  meial  condition  has  been  in- 
voked as  bearing  upon  predisposition  to  the  growth  of  tumors;  but  the 
evidence  is  not  convincing  tliat  these  are  very  significant  in  etiology. 

Local  PrediBpoiing  FactOTB. — When  we  turn  from  the  general  to  the  local 
conditions  bearing  upon  the  origin  of  tumors,  we  find  an  imposing  array 
of  instances  in  which  tumors,  and  especially  malignant  tnmors,  follow 
■  loco]  injuries,  either  mechanical  or  toxic,  or  are  associated  with  chronic 
inflammatory  processes.  Bruises  or  contusions,  particularly  those  in- 
volving the  bones,  are  not  infrequently  followed  by  malignant  tumors, 
and  it  is  noteworthy  that  these  tumors  are  most  apt  to  be  of  the  conuec- 
tive-tissne  type — sarcoma,  osteo -sarcoma,  chondroma,  etc.  Epithelial 
tumors,  on  the  other  hand,  are  more  freiniently  de\'eloped  at  the  seat  of 
repeated  injury  or  long-continued  irritation.  Thus,  epitheliomata  are 
common  in  the  month,  near  a  rough  ulcerated  tooth,  on  the  lips  of  pipe 
smokers,  at  the  edges  of  chronic  ulcers,  on  the  skin  of  workers  expose*! 
to  various  chemical  or  meclianical  irritants;  in  cicatrices;  at  the  orifices 
of  the  stomach  and  at  the  anus.  Finally,  the  fre((uent  occurrence  of  oar- 
ciiionia  of  the  liver  with  cirrhosis,  tliongli  less  easy  of  interpretation  than 
many  instances  of  the  association  of  tumors  with  chronic  inflammation, 
is  worthy  of  notice  in  this  connection. 

Before  concluding  this  brief  survey  of  the  relationships  of  tumors  to 
trauma,  prolonged  irritation,  and  chronic  inflammation,'  it  may  Ije  wise 
(o  remind  the  reader  that  nndue  significance  should  not  be  attached  to 
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this  oc(!asional  association,  since  in  tlie  great  majority  of  cases  Ihese 
coaditious are  uot  followed  by  tumors,  nor,  fiirtheimore,  bas  it  e^er  Iteeu 
possible  to  induce  genuine  tumors  experimentally  under  tbese  readily 
secured  conditions  in  animals.  Tbe  bearing  of  trauma  upon  tbe  origin 
of  tumors  is  to  be  held  in  mind  in  estimating  the  influence  of  sex,  since 
males  are  in  general  more  liable  to  injuries  than  females. 

Tbe  relatively  common  development  of  tumoi-s  in  pigmented  and 
other  nsevi  of  the  skin  illustrates  the  significance  of  tocal  vHdformationi 
as  predisposing  factors  in  the  origin  of  tnmois,' 

Several  cases  have  been  i«corded  in  which  through  injury  there  has 
been  a  mechanical  displacement  of  cells — heterotopia — from  which  in 
their  new  situation  tumors  have  developed.  These  cases,  which  have 
been  in  a  mesisure  paralleled  by  experiments  in  animals,  illustrate  an 
important  class  of  congenital  tumors,  often  cystic  in  character,  which 
arise  from  embryonal  cell  displacement,  or,  as  is  the  case  in  many  of  the 
tumors  of  the  neck  at  the  site  of  the  branchial  clefts,  from  an  imperfect 
closure  of  embryonal  openings. 

We  have  seen  that  such  evident  malformation  as  the  nsevi  of  the  skin 
may  form  the  starting-point  of  malignant  tumors.  We  know  that  in 
many  eases  cells  or  tissues  or  parts  of  oigans  displaced  during  embryonal 
life,  as  in  the  branchial  clefts  or  in  the  kidney,  may  later  develop  into 
tumors.  Cohnheim  has  gone  further  than  this  and  framed  an  hypothesis 
to  the  effect  that  all  true  tumors  are  due  to  faulty  embryonal  develop- 
ment. In  a^'cordance  with  this  hypothesis,  cells  which  in  the  course  of 
the  (le^■elopment  of  the  body  may  be  displaced  or  become  superfluous  or 
do  not  undergo  the  usual  changes,  may  remain  for  long  periods  unaltered 
but  liable  in  later  life,  from  whatever  reason,  to  commence  growing  with 
all  the  potencies  of  lowly  organized  cells  in  the  midst  of  the  mature  tis- 
sues. Tlic  noteworthy  influence  of  heredity  in  the  occurrence  of  some 
tumors,  the  congeiutal  nature  and  early  development  of  others,  their 
aty])ical  structure  iu  general,  and  the  tendency  of  many  forms  to  occur 
ill  situations  in  which  during  the  development  of  the  embiyo  consider- 
able complexity  exists,  as  well  as  their  frequent  primary  multiplicity — 
all  of  these  characters  of  tnmoi's  lend  considerable  plausibility  to  Cohn- 
heim's  hypothesis,  and  it  appears  to  be  applicable  in  certain  cases.  Bnt 
it  still  lacks  a  morphoI(^icitl  basis,  since  no  one  has  seen  tbe  postulated, 
strayed,  or  dormant  embryonic  cells;  again,  it  by  no  means  follows  be- 
cause tumors  often  deielop  at  tbe  seat  of  malformations  or  may  arise  in 
embryonal  heterotopias  that  all  tumors  are  thus  associated ;  and  finally, 
the  frequent  oiigin  of  epitheliomata  in  cells  which  have  been  formed  iu 
adult  life,  in  cicatrices,  for  example,  is  evidence  that  this  hypothesis  is 
not  in  any  e\ent  of  uuiversiil  ajiplication. 

I  It  slioiikl  be  rtmpiiilwrwl  tlml  many  of  the  complpx  tlssiifl  growths  often  reckoned 
among  tuHioin  anil  cnllet!  trriitniiititn  are  railly  embryonic  rudinienls  of  nnotlier  indi- 
vidual. Willie  sucli  ri  idi  men  tar  V  embryos  may  be  large  and  present  bucL  diversity  and 
arrangement  of  tissue  an  to  render  ihe  cliaracler  of  tlie  growth  obvious,  they  may,  on 
the  otlier  band,  be  very  simple  in  character,  as  in  aonic  of  the  ao-called  deniioid  cyats 
These  an-  all  to  be  regarded  rather  as  mulforiiuitious  than  as  senuiue  tumors. 
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We  have  now  reviewed  a  series  of  conditious  which  appear  more  or 
less  directly  to  bear  npou  the  origiu  of  tumors;  general  conditions,  such 
as  age,  sex,  hereditary  influences,  etc. ;  local  conditious,  such  as  congen- 
ital or  acquired  malformations,  injuries,  long  continued  irritation,  or 
inflammatory  processes.  But  when  all  these  are  taken  into  the  account, 
we  do  not  appear  to  have  gained  a  definite  clew  to  the  immediate  actual 
excitant  of  the  new  growths.  Given  any  or  all  of  the  varied  predispo- 
uant8,wbydo  the  cells,  which  under  any  of  these  favoring  conditions 
may  have  reiuaiued  long  inactive,  and  iudeed  usually  do  so,  presently 
begin  to  proliferate  and  continue  this  new  activity  beyond  the  limita- 
tions of  stnictural  types  or  pbysiolegical  correlation!  It  would  appear 
that  either  there  are  exterual  excitants  of  cell  growth,  as  yet  unknown  to 
us,  which  suddenly  become  active,  or  else  we  are  face  to  face  with  the 
fundamental  problem  as  to  the  nature  of  the  normal  physiological  im- 
pulses to  cell  growth  and  proliferation'  and  the  restraining  influences  to 
which  these  are  subject. 

Kicro-oi^anlBms  as  ExcitantB  of  Tumors. — It  is  not  surprising  that 
micro-oi^anisms  should  have  been  thought  of  as  possibly  direct  excitants 
of  tumors,  especially  in  view  of  a  certain  crude  analogy  between  some 
phases  of  tumor  growth  and  metiistasis  and  some  forms  of  iufection  with 
metastasis.  Bacteria  of  many  kinds  have  iu  fact  been  frequently  found 
in  tumors  of  many  soris;  but  there  is,  in  the  opinion  of  the  writer,  no 
conclusive  reason  at  hand  for  the  belief  that  they  are  ever  of  any  signifi- 
cance save  as  chance  contaminations  of  vulnerable  tissues  or  as  incitants 
of  secondary  and  complicating  lesions. 

A  great  deal  has  lecently  been  written  about  certain  structures  which 
are  not  infrequently  found  in  or  between  tumor  cells,  especially  in  the 
carcinomata,  and  have  been  hastily  assumed  to  lie  parasites.  These  cell 
"  inclusions  "  are  for  the  most  part  larger  or  smaller  rounded  bodies  (Fig. 
134);  with  or  without  nuclei;  sometimes  with  double  contours,  some- 
times not;  usually  sharply  outlined  against  the  cell  protoplasm  in  which 
they  lie;  often  crowding  the  nucleus  to  one  side,  often  situated  within 
the  nucleus,  or  apparently  replacing  it.  Some  of  them  are  invaginated 
epithelial  or  other  cells,  or  cell  nuclei  which  have  undergone  various 
degenerative  metamorphoses,  fragmentation,  etc. ;  some  of  the  question- 
able structures  appear  to  be  the  metamorphosed  nuclei  of  the  tumor  cells 
themselves.  They  may  be  single  or  there  may  be  several  in  a  cell. 
Similar  objects  are  to  be  found  in  other  than  tumor  tissues.  They  are 
readily  stained,  with  varying  degrees  of  intensity,  by  hicmotoxylin,  eosin, 
safranin,  or  fuchsin.  There  is  in  the  writers'  opinion  no  evidence  either 
that  these  are  living  oiganisms  or  that  they  have  anything  to  do  with  the 
origiu  of  tumors. 

Wliile  coceidia  or  allied  organisms  with  which  these  bodies  have  been 
compared  are  capable  of  inciting  the  growth  of  a  small  amount  of  new 
connective  tissue  and  sometimes  of  epithelium,  such  growths  ai-e  appar- 
ently inflammatory  in  character  as  are  those  other  new  ti.ssue  fomiatioub 
'  Consult  tlie  seeliou  on  Regfuc ration,  p.  94 
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indted  by  the  tubercle  bacillus,  the  lepra  ba«ilhis,  etc.,  which  have 
sometimes  beeu  classed  with  tumors  aud  called  infectious  granulamata. 
The  reader  is  referred  to  the  sectious  dealing  with  the  nature  of  the 
inflammatory  process  ill  general,  page  123,  and  to  the  iiitrodnctoryseotiou 
in  the  preseut  chapter  for  a  review  of  the  differences  in  the  conception 
of  the  inflammatory  processes  and  tumor  formation. 

Attention  has  recently  been  called,  in  connection  with  tumors,  to  cer- 
tain forms  of  yeasts  or  blastomycetes  as  excitants  of  new  tissue  growths, 
but  these  also  appear  to  be  inflammatory.  The  cultivation  of  yeasts  from 
the  tissues  of  malignant  or  other  tumors  is  of  no  more  siguiflcance  than 
the  cultivation  of  bacteria  under  siniilar  conditions. 

The  nearly  uniform  failure  in  the  attempts  to  transplant  tumors  from 
one  species  of  animal  to  another,  and  the  absolute  failure  to  cultivate. 


FIG.  1*3.— Epitheual-Ckll  "iNCLCSrONS"  TN  TmORS. 
BboHloK  various  lormB,    From  oirclnoiQB. 

either  directly  or  by  inoculation,  any  coustant  oi^uisms  from  them 
which  are  capiible  of  inducing  experimental  tumor  growths,  speak  with 
much  force  again-st  the  notion  of  the  parasitic  origin  of  malignant  tumore. 
Moreover,  the  gn-at  divei-sity  in  character  and  in  the  Incoustancy  of  oc- 
currence of  the  objects  which  have  been  regiirded  as  of  possible  signifi- 
cance in  tumore,  greatly  dimiuishes  the  plausibility  of  the  claims  which 
have  l)eeu  made  for  them. 

It  is  much  to  be  regretted  that  most  of  those  who  advocate  the  para- 
sitic nature  of  tumor  excitants  should  be  so  engrossed  with  the  alleged 
parasites  that  they  largely  ignore  the  dominant  charaeters  aud  the  life 
history  of  the  tumors  themselves,  especisilly  of  malignant  forms,  and  the 
fundamental  distinctions  between  these  and  such  intlammator>-  growths 
as  may  superficially  resemble  tumors  aud  which  are  undoubtedly  often 
incited  by  various  kinds  of  micro-organisms. 

We  do  not  of  course  assert  that  tumors  cannot  be  incited  by  i>arasites, 
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but  at  present  it  seems  to  us  that  uo  adequate  ground  exists  for  believing 
that  they  are.' 

It  is  indeed  not  improbable  that  a  local  predisposition  to  tumor 
formation  akin  in  nature  to  that  which  now  and  then  is  attributable  to 
trauma  may  be  occasionally  induced  by  miero-oiganisms.  But  this  it 
remains  for  future  researches  to  demoustnvte. 

The  Complexity  of  the  Problem  of  the  Etiolt^  of  Tomon. — It  seems  to 
the  writer  that  to  seek  for  a  single  external  excitant  or  group  of  ex- 
citants for  the  al)erraut  tissue  growths  which  we  call  tiuuors  is  to  ignore 
the  many  still  obscure  influences  which  are  at  work  in  all  tissue  growlli, 
especially  those  physiological  agencies  which  foster  cell  proliferation  and 
tend,  under  the  influence  of  lieredity,  to  specialization  in  form  or  func- 
tion. Ou  the  other  hand,  not  to  be  iguoi-ed  are  those  influences,  whether 
of  nutrition  or  pressure  or  exposure,  which  mould  the  cell  growth  under 
normal  coudilious  into  fixed  and  useful  forms.  It  is  rather  a  matter  for 
surprise  that  e\er-changing,  self- regenerating  living  tissue  does  not 
oftener  go  astray  in  its  aeti\ities  than  that  it  should  only  now  aud  then 
do  so.  This  latter  somewhat  inverted  point  of  view  may  be  useful  in 
calling  away  the  attention,  iu  discussing  the  etiology  of  tumors,  from  a 
too  close  regaitl  to  extraneous  factors,  and  directing  it  to  the  many  still 
unexplored  fields  in  cell  physiology  with  which  we  must  perhaps  become 
familiar  before  we  can  with  fair  hope  of  success  attack  the  serious  prob- 
lems of  both  the  excitation  aud  the  prevention  of  tumors, 

Xo  adequate  conception  can  be  gaiued  of  the  complexity  of  the  prob- 
lem involved  iu  the  origin  of  tumors  or  of  the  directions  in  which  the 
highest  promise  of  expei-imental  research  lies  without  a  recognition  of  the 
new  cell  lore  derived  from  a  study  of  the  lower  and  simpler  forms  of  life." 

The  more  commoidy  accepted  and  time-honored  view  of  the  imme- 
diate excitation  of  tumors  is  Hiat  they  are  due  to  some  stimulus — "forma- 
tive stimulus  " — by  which  the  proliferative  capacity  of  the  cells  is  in- 
creased. What  the  uature  of  this  postulated  stimulus  may  be  and  how 
,  it  is  brought  to  bear  upon  the  trausfonnatious  of  energy  which  through 
the  subtle  mechanism  of  the  cell  is  manifested  iu  proliferation,  is  in 
nowise  clear,  nor  does  it  seem  likely  to  become  so  until  we  gain  a  deeper 
insight  into  the  life  processes  of  the  cell  in  general.  It  is  possible  that 
recent  experiments  (referred  to  on  page  106)  on  the  artificial  excitation 
by  chemical  substances  of  cell  proliferation  aud  the  development  of  the 
embryo  in  certain  of  the  lower  animals  may  lead  to  a  wider  conception 
of  the  nature  of  the  conditions  under  which  tumors  are  formed. 

There  are  obvious  altei-ations  iu  the  character  of  the  cell  growth  in 
tumors  in  which  they  deviate  often  widely  from  the  norm.     It  has  beeu 

'  For  bibliographj-  relatin);  h>  the  alleged  parasitic  excitants  of  tumors,  consult 
Oildiritl,  Johns  Hopkins  Hospital  Reports,  vol,  i.,  p,  383,  1896;  also  Park,  American 
Journal  of  the  Medical  Sciences,  vol.  cxv,,  p.  518,  1888.  For  an  interesting  resume  of 
Ibe  factors  involved  in  the  origin  of  tumors  see  Adami,  vol.  vii.,  pp.  8(l»  and  843,  1901, 
or  Brit.  Med.  Jour.,  March  16th.  1901. 

'  For  a,  clear  and  compreliensive  summary  ot  the  new  lines  of  research  in  cytology, 
sec  WiUon,  "Some  Aspects  of  Biological  Itcsearch,"  The  Iniernalioccl  Monthly,  July, 
1«W. 
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suggested  by  HaDSemann '  and  others  that  these  alterations  may  be  due 
to  a  loss  of  differentiation  in  the  tumor  cells  and  the  assumption  of  a 
more  independent  existence.  This  condition  has  been  called  Anaplasia, 
and  vbile  the  term  characterizes  an  important  series  of  facts,  it  leaves 
them  tiDexpIaiiicd. 

Thos  it  is  still  iiucei'tain  whether  the  removal  of  mechanical  or  other 
restraiute  to  cell  growth  and  proliferation ;  or  the  acquirement  of  new 
capacities  through  retrograde  differentiation  or  reversion;  or  the  action 
of  some  as  yet  unknown  "formative  stimulus,"  are,  either  individually  or 
collectively,  and  if  so  iu  what  degree,  concerned  in  the  origin  of  tumors." 

A  more  subtle  and  pcrlmpa  more  coinprfhcnsive  view  of  tbe  agencies  wliicti  must 
be  taken  into  the  account  in  tiic  excitation  of  tumo's  is  that  especially  advocalcd  by 
Weigert  •  and  Rlhbcrt.'  Tbese  observers  and  those  in  sympatliy  with  their  views  do 
not  admit  a  new  formative  sUmtilua  into  tlieir  coDcepiion  of  tbe  origin  of  tumors,  but 
regard  the  usual  potencies  of  the  cells  lu  this  respect  to  be  sufHcient  if  the  natural  re- 
straints to  over  proliferation  be  in  any  way  diminished. 

Ribbcrt  Jias  pei'haps  more  definiitly  than  any  other  framed  a  working  hypothesEs 
along  these  lines  which  is  at  least  suggestive.  He  lays  stress  in  his  conception  of  the 
oiigin  of  tuniois  upon  the  intimate  associalioDS  of  the  cells  of  the  aonnal  body  as  parts 
of  an  organism,  wliosc  varied  capacities  are  normally  held  in  some  fashion  under  otuiual 
restraint  in  subservience  to  their  common  welfare.  This  mutual  rclalionship,  however, 
once  destroyed,  for  example,  by  the  separation  of  cells  or  cell  groups  from  their  organic 
associations,  they  assume  less  highly  differentiated  characters,  their  physiological  cnpac* 
{ties  are  no  longer  held  in  leash,  and  these,  if  tbe  nutritive  and  other  conditions  be 
favorable,  may  express  themselves  in  exaggerated  fasliion  by  excessive  growth  and 
proliferation. 

liibbert  explains  the  way  in  which  be  conceives  that  tbe  process  of  cell  disassocia- 
tion  and  release  from  restraint  may  occur.  Since  he  does  not  admit  a  primary  increase 
in  the  inherent  proliferative  capabilities  of  the  cells,  he  cannot  assume,  as  is  commonly 
done,  that  the  process  is  iniliatcd,  in  carcinoma  for  example,  by  the  epithelial  cells. 
He  assumes  that  the  process  may  start  in  the  connective  tissue,  which  is  liable  to  in- 
ci'case  in  amount  in  response  t«  a  variety  of  influences,  notably  those  which  involve 
trauma,  or  simple  inflammation,  or  replacement  hyperplasia.  In  the  starting  of  carci- 
noma of  the  stomach  or  intestine,  for  example,  Ribbert  asserts  that,  in  many  cases  at 
least,  the  new-formed  connective  tissue  cuts  off  cells  or  cell  groups  from  their  organic 
connections,  and  claims  that  in  this  way  alone  we  may  account  for  the  required  release 
from  the  restraints  of  tbe  organic  association  and  the  exuberant  aberrant  growth  which 

This  view  is  interesting  in  connection  with  the  frequent  association  of  carcinoma 
with  chronic  inflammation,  which  has  been  already  noted.  While  obviously  vague  and 
open  to  many  objections,  and  apparently  applicable  to  but  a  small  group  of  tumors, 
and  while  not  yet  confirmed  by  experimental  results,  this  view,  nevertheless,  perhaps 
indicates  the  lines  along  which  fruitful  research  may  be  expected. 

'  Ilantemaiin,  "  Die  mikroscopisclio  Diagnose  d.  bOsartigen  GflScbwOlsle,"  Berlin, 

1897.  see  also  resume  and  bibliography  by  Aic/urff,  Lubarseb  and  Ostertag's  "Ergeb 
nisse,"  .Tahrg.  v.,  1898,  p.  22. 

'  For  a  rfisume  of  some  recent  studies  on  atypical  mitosis  in  tumors  see  Farmtr. 
Mature,  Feb.  4tb.  1804;  &iso  Biiififurd  and  ifurraj/.  Vtoc.  Hoy.  8oc.,  January  31st,  1904. 

'Weigtrl,  "Neue  Fragestellungen  in  path.  Anat.,"  Deul.  med.  Wocbenschr.,  1886, 
p.  635. 

*  Ribbert,  Deut.  med.  Wochensehr..  1885,  Nos.  1.  2.  3,  and  4,  blbl.:  also  ibid..  1896, 
No.  80;  also  "Das  patliolog.  Wachsthum  der  Qewebe,"  Bonn,  1896.  See  for  opposing 
views  the  monograph  by  Lubar»eh.  "Zur  Lehre  v.  d.  GeschwDlsten  u.  Infectionskrank- 
heiten,"  Wiesbaden,  1899,  p.  306,  bibl. ;  also  Ziegiei;  MUnch.  med.  Wochen.,  March  8lb, 

1898.  p.  812.  See  aiso  bililiography  of  cell  regeneration  in  h^enl,  Ziegler's  Beiirage, 
etc.,  Bd.  xjiiv.,  p.  454.  1898,  and  reference  to  ,l»rfioJ" above. 
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Classification  of  Tamors. 

It  is  not  possible  to-day  to  make  a  satisfactory  scieutific  classification 
of  tumors;  but  the  fact  that  they  are  composed  of  structures  which  re- 
seuible  the  various  morphological  types  of  tissue  fouud  in  the  normal 
body  su^ests  a  grouping  of  the  various  forms  which  may  be  regarded 
as  a  usefnl  and  suggestive  catrJogue. 

It  should  be  remembered  that  the  usual  separation  of  the  normal  tis- 
sues iuto  groups  is  useful,  rather  because  it  facilitates  their  study  than 
because  it  expresses  absolute  aud  fundamental  distinctions;  and  the  same 
may  be  said  of  all  the  classifications  of  tumors.  An  increase  of  our 
knowledge  concerning  their  structure  and  genesis  will  doabtless  lead  to 
a  more  accurate  grouping  of  tumors ;  but  for  the  present  such  an  arrange- 
ment as  that  indicated  below  will  be  found  of  practical  value  for  the  pur- 
poses of  study.' 

OONKBCIITB-IIBSUE  17FE. 
Normal  Tintue.  Tvmon. 

Fibrillar  cODncctive  tissue.  Fibroma. 

Mucous  tissue.  Myxonia. 

Bmbrj'OEral  connective  tissue.  Barcoma. 

Eudotlielial  cells.  Eodothelioina. 

Fat  tissue.  Lipoma. 

Cartilage.  Chondroma. 

Bone.  Osteoma. 

Neuroglia.*  Glioma. 

KUSOLB-TIBSUB  TT7E-HT0ICATA. 

normal  Tiitue.  TumoTi. 

Smoolb  muscle  tissue.  Leiomyoma. 

Sttiatral  muscle  tissue.  Rbabdomyoma. 


■c  differentiated  in  tbe  piimary_  embryonic  layers  canuot  aealn  be  merged  In  type. 
Wbile  this  priociple  holds  good  in  general,  especially  for  lilgiily  differentiated  forms, 
certain  recent  studies  have  seemed  to  indicate  tbat  even  tliis  distinction  may  not  be 
inflexible.  However  this  may  be,  It  is  certain  tliat  the  cells  derived  from  one  embry- 
onic layer  may  under  special  conditions  come  soclosely  to  resemble  in  morphology  those 
of  another  layer,  that  a  structural  differentiation,  with  our  present  resources  at  least, 
is  not  always  pos^blc.  Wbile.  therefore,  this,  which  is  called  the  hUtogeiifHc  principle 
of  dimifintion.  Is  most  suggestive  and  may  be  useful  in  connection  with  other  data  in 
the  study  of  tumors,  it  seems  to  the  writer  that  it  is  wiser  for  the  present  not  to  base  our 
classification  loo  largely  upon  embryologlcal  data  in  several  particulars  still  subject  to 

Consult  in  this  connection  the  resume  of  Marehaml  on  "The  Relationship  between 
Pathological  Anatomy  and  Embryology,"  Verb.  <I.  deutschen  path.  Gesellschaft,  Bd.  ii., 
p.  8S.  IWO 

Seealso  the  admirable  address  by  Miiiot  on  "  The  Embryologicol  Basis  of  Patbology," 
Science,  starch  39tli.  1901.  In  this  paper,  p.  487,  the  tissues  are  classitted  in  accordance 
with  their  genetic  relationships. 

'The  neuroglia,  as  well  as  the  tumors  derived  from  it,  [iresents  marked  peculiari- 
ties in  structure.  While  the  neuroglia  is  closely  relale<l  in  cenesis  to  the  acrvoiis  sys- 
tem, being  of  ectodermal  origin,  its  structural  and  functional  alliance  witli  tlic  connec- 
tive tissues  of  the  mesoderm  seems  to  the  writers  U>  justify  for  ibe  present  purpose  its 
grouping  among  the  latter. 
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NEBVE-TISSUE   TTFE-NETTItOMATA. 
VASCXn.AB-TISS1JE   TTPE-ANOIOMATA. 

JfoT^nal  Tifttie.  Tiini'iri. 

Blood- vi-asc  Is.  Aogionia. 

Lymph- vt'ssels.  Lyrnplwngioma. 

EPITHELIAL-TISSUE  TTFE. 

Kormal  liKsile.  Tiimurt. 

Glands.  Ailenoma. 

Various  forais  of  I'pilticliai  culls  Carciuoina. 

and  associalnl  tIs,sut'S. 


Tumors  Formed  by  Varioiis  Combinations  of  Tissue  Types, 
Mixed  Tumors. 

Ill  a  cousideiablc  proportion  of  tiiiuoi's  iiioi-e  than  oue  type  of  tissue 
is  pi'eseut,  aud  it  is  custoiiiarj'  to  iiidi(^te  this  by  compound  names,  siieli 
as  osteo-sarctmia,  adenocarcinoma,  etc.  l>iscriuiiuation  is  iiecesHan.-  in  the 
ti»e  of  such  names,  however,  and  one  should  be  clear  as  to  what  he 
wishes  to  express  in  this^vay.  All  tumors  have  a  certain  amount  of 
fibrous  stroma  which  carries  the  blood  vessels  and  forms  a  sustatiiing 
fmuicwork.  In  the  early  stages  of  tumor  growth  this  matrix  may  be  the 
tissue  in  which  the  tumor  starts,  which  is  either  not  increased  in  amount 
or  is  hyperplastic.  Thus  in  carcinoma  of  the  stomach,  the  stroma  may 
be  fibrous  in  the  mucosa  or  composed  of  smooth  muscle  if  the  stomach 
wall  be  involved ;  but  such  growths  would  not  be  called  either  (ibro- 
carcinoma  or  myo-carcinonia.  It  is  only  when  the  new  tissue  ai^sumes 
the  characters  of  an  independent  growth  that  it  can  be  justly  indicated 
in  the  compound  name.  This  may  not  be  easy  or  always  possible  to  de- 
termine, but  the  desirability  of  doing  so  should  be  held  constantly  in 
mind.  ITnfortunately  the  compound  name  is  by  some  writers  used  to 
indicate  simply  the  seat  of  a  tumor  growth ;  in  this  sense  osteosarcoma 
means  sim])ly  sarcoma  of  the  bone  aud  not  an  association  of  osteoma  and 
sarcoma. 

It  should  also  l>e  i-emembered  in  this  connection  that  a  tumor  of 
mixed  type  does  not  always,  perhaps  not  often,  start  as  such,  but  may 
assume  this  character  by  nietapUiaia  within  the  limits  of  a  tissue  group. 
Thus  the  establishment  in  fibroma  of  bone  or  cartilage  growth  and  the 
assumption  by  the  a^lenomata  of  the  carcinomatous  type  are  common. 
Furthermore,  although  these  mixed  forms  of  tumors  may  arise  second- 
arily by  uietaplasisv,  the  more  or  less  distinct  forms  of  tissue  may  finally 
become  so  independent  of  one  another  that  some  of  the  metsistases  from 
such  a  mixed  tumor  may  show  only  one  tissue  type.  The  possibilities 
iu  tissue  metaplasia  should  be  taken  into  the  accouut  before  assuming, 
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as  is  too  often  done,  that  the  multiplicity  of  related  tieaue  fonuB  in  a 
tumor  point  toward  embryonal  origin. 


Complex  Congenital  Growths — Teratoma. 

These  are  tumors  which  frequently  coutain  a  great  number  of  differ- 
ent forms  of  tissue,  such  as  various  forms  of  fibrillar  connective  tissue, 
cartilage,  boue,  teeth,  hair,  skin,  muscle,  and  glands.  These  are  most 
frequently  found  at  the  lower  end  of  the  spine,'  about  the  head  aud 
neck,  or  in  the  generative  oi^ns.  Some  of  them  probably  arise  by  an 
inclusiou  of  portions  of  another  fcetus,  and  are  thus  rather  malfonnations 
tlian  tumors  in  the  limited  technical  sense.  Among  these  are  sometimes 
classed  other  and  simpler  congenital  malformations,  such  as  dermoid 
cysts,  congenital  angiomata,  and  the  so-called  pigmented  ntevi  or  moles. 

Special  Tumor  Types. 

There  are  types  of  tumors  which  are  not  readily  brought  into  the 
usual  geueral  classifications,  since  they  are  formed  of  special  kinds  of 
tissue.  These  have  received  distiuctive  names.  Thus  tbereare  peculiar 
tumors  formed  of  placental  tissue  called  d&nduoma ;  of  tissue  resembling 
the  adrenals,  hyper-nepkroma,  etc. 

Lnt»r«ch'a  Orouping  of  Tumora  for  Practical  Furpoa«s. 

Lubarsch  lias  suggested  the  following  groupiog  of  tumora,  for  practical  purposes, 
without  special  reference  either  to  their  hiaiogenetic  or  histological  characters: 

1.  Tumors  which,  although  dUTcring  from  the  tissues  In  wbtch  they  originate  in  the 
arrangement  of  their  elements,  usually  increase  in  size  but  slightly  or  temporarily.  In 
this  group  are  the  teratoid  growths  and  those  originating  in  embryonic  displacements, 
Eucb  as  congenital  neevl,  certain  giand-llkc  tumors,  myoma,  flhroma,  lipoma,  chondroma, 
and  osteoma.     Sucli  tumors  are  usually  of  little  piiicttcal  importance. 

3.  Tumors  wLicii,  although  conforming  in  general  to  the  uornial  tissue  type  in 
growth  and  structure,  still  reveal  a  considerable  Independence  of  their  surroundings: 
such  are  larger  myomata,  adenomata,  angiomata,  lipomata,  which  may  grow  slowly 
and  with  interruptions,  and  may  when  growth  ceases  through  degenerative  processes  ot 
necrosis'  undergo  retrogression  or  even  disappear  altogether. 

8.  Tumors  which  seem  to  be  largely  emancipated  from  the  usual  physiological  con- 
trol of  normal  tissues,  both  in  the  rapidity  and  extent  of  growth  and  in  tlie  fixity  of  the 
cell  type  in  form  and  function.  In  this  class  are  the  tumors  which  are  destructive  and 
invasive  in  their  growth,  especially  the  sarcomata  and  carcinomata. 

These  three  classes  may  in  reality  be  considered  to  represent  only  stages  in  the 
growth  of  tumors  in  general;  since  the  more  destructive  forms  may  in  early  stages  con- 
form to  the  characters  of  the  other  groups,  while,  on  the  other  liond,  tumors  of  the  less 
aggressive  types  may  assume  the  autonoioy  and  signiflcance  of  the  malignant  forms. 
These  classes  of  tumore  are  not  of  course  distinct,  and  many  intermediate  types  may 
occur,  but  this  grouping  seems  to  the  writer  fairly  lo  indicate  a  real  difference  in  char- 
acter and  signiflcance  in  tumors  as  a  whole  which  it  is  of  practical  advantage  lo  recog- 
nize, and  which  is  often  lost  sight  of  in  the  more  technical  tlassiQ  cat  ions. 

'Fora  critical  summary,  with  bibliography,  of  tumors  of  the  sacral  legion,  BceBont, 
Craitr&lbL  f.  Pathologie,  Bd.  is.,  p.  449,  ISm. 
20 
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CystB. 

These  Btmctnres,  for  the  sake  of  eoDveuieuce,  are  often  classed  amoug 
the  tumors,  although  io  general  characters,  structure,  and  geoesis  they 
are  usually  of  entirely  differeut  nature. 

They  may  be  divided  into  two  classes: 

I.  Cysts  which  develop  from  pre-existiug  cavities. 

II.  Cysts  which  originate  independently  as  the  result  of  pathological 
changes. 

I.    OTSTS  WSICH  DETELOF  FBOV  PBE-EZIBTINO  CATTtlSS. 

1.  Retention  Cysts. — These  are  chiefly  formed  by  the  accumulation  in 
glands  or  their  excretory  ducts  of  the  more  or  less  altered  secretion  of 
the  gland.  They  usually  occur  as  the  result  of  a  hindrauce  to  the  nor- 
mal discharge,  as  from  inflammatory'  contractions,  pressure,  etc  Tlie 
contents  of  such  cysts  are  usually  mucous,  sebaceous,  serous,  or  of  a 
mixe^  character.  Their  walls  are  the  more  or  less  altered  walls  of  the 
original  structui^  To  this  class  belong  comedones,  milium,  atheroma, 
chalazion,  rauula,  the  ovula  I^abothj,  milk  cystt^  and  certain  serous  cysts 
of  the  ovaries.  Fallopian  tubes,  gall  ducts,  and  uriniferous  tubules. 

2.  Transudation  Cysts. — These  arise  usually,  though  uot  always,  as 
the  result  of  a  chronic  inflammatory  process  in  lymph  8x»i*^^  <"'  serous 
sacs,  and  among  them  are  to  be  classed  the  so-called  ganglia,  hydrocele, 
etc.  Certain  of  the  so-called  hiematoceles,  in  which  blood  is  extrava- 
sated  into  closed  cavities,  fonn  a  variety  of  the  cysts  of  this  group. 

n.  CTSTS  WBICH  OBiaiNATE  IinSEFENSENTLT  AS  THE  BBBTTLT 

OF  PATHOLOGICAL  CHAKOES. 

1.  Cysts  Formed  by  the  Softenii^  and  Disint^ration  of  Tissue. — Such 
cysts  may  at  first  be  small  and  have  very  me^re  contents  and  no  well- 
defined  wall.  A  wall  may  finally  be  present  either  as  an  entirely  new- 
formed  structure,  or  the  more  or  less  modified  capsule  of  the  or^n  in 
which  they  occur  may  partly  or  entirely  form  tlie  wall.  The  contents  of 
such  cysts  are  usually  the  more  or  less  altered  detritus  of  the  tissue  by 
whose  disintegration  they  are  formed.  Such  cysts  are  very  apt  to  occur 
within  true  tumors,  particularly  those  which  are  succulent  and  of  rapid 
growth,  since  these,  as  above  stated,  are  very  liable  to  degeneration.  Old 
abscesses  may  change  into  well-defined  cysta  of  this  kind. 

2.  Cysts  Formed  around  Foreign  Bodies. — The  inflanuuatory  reactiou  in- 
duced by  the  presence  of  foreign  bodies  of  various  kinds,  parasites, 
masses  of  extravasated  blood,  etc.,  frequently  results  in  the  formation  of 
well-deflued  encapsulated  cysts. 

3.  Cysts  Formed  by  a  Hew  Growth  of  Tissues  in  whose  Spaces  Varioos 
Kinds  of  Fluid  Accumulate.— These  spaces  may  or  may  not  be  lined  with 
epithelium  and  have  something  of  the  glandular  character.     Such  forms 
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are  exemplified  in  some  of  the  compound  ovariati  cyste — the  BO-oalled 
ovariau  cystomata;  but  theee  are  really  adenomata. 

4.  Congenital  Cysts. — These  are  of  various  forms,  and  their  mode  of 
origin  is  in  most  cases  bnt  imperfectly  understood.  Some  of  them  are 
properly  grouped  among  the  teratomata.  The  so-called  dennoid  cysts  of 
the  sul>cutaneous  tissue  (Fig.  144)  and  ovary  are  marked  examples  of 
this  class.     Certain  congenital  cysts  of  the  kidney  and  other  internal 


Thb  Bmall  c;st  b«DeaUi  the  ikln  ibove  ibe  eyebrow  Is  llaed  Willi  epithelial  cells.  Id  places  mboMal  In 
IiirTd  but  mnstly  merged  iDto  on  Irreffulari^ll  mus.  The  flbrous-walled  rygt  conlAlned  &  cICBr  Buld  aod  a 
BBIe  Knnular  cell  delrltii*. 

OT^us  are  conveniently  grouped  here,  although  it  is  quite  probable  that 
some  of  them  at  least  originate  during  fcetal  life  in  one  or  other  of  the 
above -described  ways,  and  hence  are  not  essentially  different  in  nature 
from  some  of  the  cysts  of  other  classes.  For  the  mode  of  formation  of 
certain  cysts  of  the  neck  see  page  526. ' 

Various  ZfBsions  Sometimes  Descrited  as  Tumors. 

There  are  certaio  enlargemenia  of  the  lymph-Dodes  which  are  in  reality  hyper- 
plasias, sometimes  inOammatory  id  cliaracter  and  sometimes  Dot,  and  which  are  often 
grouped  among  the  tumors  as  lymphomata.  Tliey  arc  not  true  tumors,  and  will  be  cod- 
.sidered  under  the  lesions  of  the  lymph-nodes.  In  tlie  same  group  are  often  classMl  the 
enlargemeDts  of  the  lympb-nodes  id  leukemia  aDd  in  other  general  diseases,  irhicb  are 
considered  in  another  part  of  this  book. 

Another  group  of  tumors  sometimes  eallei)  lymphomata  are  iu  reality  sarcomata, 
and  these  will  be  described  under  the  latter  heading. 

There  is  alsoa  group  of  nodular  new  formatioDS,  the  so-called  iiifectiregranalotiuita, 
which  in  earlier  days  were  classed  among  the  tumors.  These  are  found  Jd  tubereulosis, 
lupus,  leprosy,  syphilis,  glanders,  and  actinomycosis.  They  are,  however,  inflamma 
tory  new  formations,  and.  as  o\ir  knowledge  regarding  them  has  increased,  many  o( 
them  have  been  proven  to  be  iDcile<l  by  plant  parasites  (see  section  devoted  to  Infectious 
Diseases).     In  the  case  of  syphilis  the  absolute  proof  is  still  lacking. 

'  Consult  for  consideration  of  ciliated  and  other  cysts,  IJe»s,  Ziegler's  Beitr.  zur  path. 
Anat..  Bd.  viii.,  p.  88,  1S80;  also  Ztihn.  Virchow's  Archiv,  Bd.  exliii.,  p,  170,  1896.  For 
later  general  bibliography  of  cysts  see  Aee/i</ff,  Lubarschand  Ostertag's  "Ergebnisse," 
Jahrg.  ii.  for  1896,  p.  456. 
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Techniiiue  of  Fixation  and  Hardening. 

Id  general,  tumors,  like  all  tiasuee  for  microscopical  study,  should  be  cut  into  email 
pieces  before  immersing  tkem  iu  tbe  preservative  fluids,  and  the  sooner  they  can  be 
placed  In  these  after  removal  tiie  better  will  be  tbe  preservation.  In  some  cases  much 
may  be  learned  from  large  sections  of  tumors  together  with  their  surrounding  tissues. 
In  this  case  tiie  suitable  portion  of  the  tumor  must  be  preserved  whole,  and  is  best  har- 
dened in  strong  alcohol- 
It  is  often  important  in  the  study  of  tumors  to  eiamlne  not  only  tbe  fully  devel- 
oped or  mature  tumor  structures,  but  also  those  portions  in  which  the  new  growth  is 
forming  and  in  which  it  is  encroacliing  on  adjacent  parts. 

So  that  In  selecting  portions  of  tumors  for  preservation  and  study,  it  is  not  wise  lo 
snip  ofF  a  small  piece  at  random,  but  a  careful  selection  should  be  made,  liberal  por- 
tions being  saved,  from  the  centre,  from  the  periphery,  and  from  such  surrounding 
tissues  as  are  available.  For  the  ordinary  routine  hardening  of  tumors,  Orth's  fluid 
followed  by  alcohol  may  be  recommended. 


Special  Forms  of  Ttunors. 

FIBROMA. 

The  fibromata  are  composed  of  fibrillar  coDtiective  tissue,  vhich,  as 
in  the  physiological  type,  is  sometimes  dense  and  firm,  FibroTita  dunim, 
aud  sometimes  loose  in  texttire  and  soft,  Fihr&ma  molle.  They  are  usu- 
ally sharply  circtuuscrlbed  aud  are  frequently  encapsulated,  but  they 
may  be  diffuse  and  mei^  imperceptibly  into  the  surrounding  tissue. 
They  are  frequently  small  and  insignificant,'  but  occasionally  grow  to  an 
enormous  size.  Some  fibromata  consist  almost  entirely  of  intercellular 
Bnbstanc«,  coutaiuing  but  fewflattenedor  spindle-shaped  cells  (Fig.  145); 
others  contain  very  many  variously  shaped  cells  (Fig,  146).  The  cells 
are  often  more  abundant  in  one  part  of  the  tumor  than  u  another  The 
denser  varieties  usually  contain  but  few  blood- 
vessels, although  they  are  occasionally  quite 
vascular.  Many  of  the  softer  varieties  are 
very  vascular.  Nerves  are  occasionally  pres- 
ent. '  The  course  and  arrangement  of  the 
fibres  in  the.se  tumors  are  usually  irregular, 
often  crossing  and  interlacing  iu  a  most  com- 
plex manner.  The  fibromata  are  usually  of 
slow  growth,    but   exceptionally   they  grow  ^^         " 

rapidly.     Thev  are  beuieu  lumors,   but  by       _ 
pre-'isure  on  jmportaut  organs,  by  ulceration,       bd  u         w        f  br  m 
or  by  changing  into  other  varieties  of  tissue,  " 

they  may  become  of  serious  import.      Pure      i^"  ]n,res''»re""'"  Rc^!*MLera 
fibromata  do  not  form  metastases,  but  they     >»  u  lenRtbwiM 
are   often   multiple,    and   when   so   are   fre- 
quently congenital.     They  may  recur  wheu  not  fully  removed. 

It  seems  probable  that  in  the  multiple  fibromataof  the  skin  (Fibrmna 
■licular  tissue  in  tumors  see  Baldiein,  "Vaughan  Anni- 
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moRiuKtim)  the  new  growths  occur  io  some  special  form  of  counective 
tissue,  as  that  of  the  nerves,  blood-vessels,  or  glands.  Some  of  them  are 
congenital.  There  is  often  a  growth  of  very  cellular  tissue  just  beneath 
the  epithelium.     Such  tumors  resemble  sarcoma. ' 

While  the  fibromata  are  commonly  nodular  iu  form,  when  they  de- 
velop on  the  skin  or  mucous  membranes  they  frequently  form  papillary 
outgrow-ths  covered  more  or  less  thickly  with  epithelium,  and  are  then 
eanedjuipillomaia  (Fig.  147).  Common  warts  of  the  skin  are  papillomata 
with  excessive  production  of  surface  epithelium.  ,  To  the  papillomata 
also  beloug  some  of  the  so-called  condylomata. 

The  so-called  Cheloid,  composed  of  very  dense  fibrous  tissue  with  few 
cells,  often  develops  rapidly  in  old  cicatrices,  or  elsewhere,  in  the  skin, 


forming  flat  or  slightly  lobulated  tumors.  It  is  not  iu  all  cases  clear 
whether  cheloids  should  be  regarded  as  tumors  or  as  inflammatory  new 
formations. 

Fibromata  are  frequently  combined  with  other  kinds  of  tissue  to  form 
complex  tumors.  The  looser,  softer  varieties  not  infrequently  become 
cedematotis,  when  they  may  closely  resemble  myxomata  (Fig,  li6). 
Fibromata  are  liable  to  calcification  and  to  fatty  and  mucous  degenera- 
tion. By  metaplasia  they  may  partially  change  to  form  fibro-cbondroma, 
fibro-lipoma,  fibro-sarcoma,  or  fibro-osteoma.  The  latter  transformation 
frequently  occurs  when  they  form  in  the  periosteiun. 

Developing,  as  they  do,  in  the  connective  tissue,  fibromata  occur  in 
the  various  parts  of  the  body:  in  the  skiu  and  subcutaneous  tissue;  in 
intermuscular  tissue  and  fascia ;  in  periosteum ;  in  the  nerve  sheaths  and 
intrafascicular  connective  tissue ;  in  the  dura  mater,  the  interstitial  tissue 
of  oi;gans,  and  in  the  mucous  membranes.     Some  of  the  so-called  polypi 


'See  QiichrUt,  Johns  Hojikins  Hospital  Reports,  vol.  i,.  p,  349,  1896. 
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of  the  mucons  membraDes  (see  Fig.  148)  and  some  psammomata  are  forma 
of  fibroma,  the  former  are  ofteu  soft  and  cedematoiis. 


OccasiouaUy,  iu  the  ducts  of  glande,  fibrous  polypi  grow  to  ao  enor- 
Dious  extent,  their  epithelial  covering  keeping  pace  in  growth  with  their 


Fia.  148.— MPC0C8  POLTP  0»  TBI  NOM. 

Tlie  MCtloa  ihows  Ihe  epitlwllal  corerliiK  ot  me  nev  growtli.  u  well  u  lU  numeroiu  Uood-Ti 
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development,  until  they  form  very  large,  Irregular,  loosetextured  tnmora, 
which  often  finally  ulcerate.  Such  forms  are  seen  iu  the  mammary 
gland,  where  they  are  sometimes  mistaken  for  carciuomata.  They  are 
called  Intracanalicular  fifrromato  (see  Fig.  463,  page  707). 

It  is  often  difficult  to  distinguish  between  genuine  fibromata  and  in- 
flammatory or  other  connective-tissue  hyperplasias,  such  as  elephantiasis ; 
and  perhaps  the  fuller  knowledge  of  the  future  will  show  that  the  dis- 
tinctions are  not  as  definite  as  our  classifications  indicate. 


Macons  tissue  is  essentially  an  embryonic  tissue,  for  in  the  normal 
adult  it  is  present  only  in  a  very  imperfect  and  atypical  form  in  the 


Fin.  Its.— MTXOMA  or  rat  Larynx. 

Sbowlns  tbe  dllTiue  tMniaS  ot  Ibe  [nucla.c<inlaliiliiR  nram&  wllb  bsmmUxyUn. 

vitreous  of  the  eye,  and  perhaps  exceptionally  in  small  amount  about 
the  heart,  kidneys,  and  medulla  of  boue. 

The  myxomata  are  thus  essentially  embryonic-tissue  tnmors.  These 
tumors  consist,  in  their  most  typical  foims,  of  a  homogeneous  or  finely 
fibrillated,  soft,  gelatinous  basement  substance,  in  which  are  embedded  a 
variable  number  of  spheroidal,  fusiform,  branching,  aud  often  anas- 
tomosing cells  (Fig.  149).  They  may  contain  few  or  many  blood-vessels 
and  sometimes  nerves.  By  tbe  addition  of  acetic  acid,  mucin  may  be 
precipitated  from  the  basement  substance.  In  sections  it  is  usually 
stained  with  heematoxylin.  The  very  soft  forms  which  contain  compara- 
tively few  cells  and  much  translucent  basement  substance  are  called 
Myxoma  gelatinosum  or  M.  motte.  The  presence  of  many  cells  renders 
them  more  consistent  and  gives  them  a  whiter  and  more  opaque  appear- 
ance ;  such  forms  are  called  M.  meduUare. 

Pure  myxomata  are  not  common.  The  myxomata  are  very  apt  to  be 
pombined  with  fibrillar  connective  tissue  a&  jibro-myxoma ;   or  with  fat 
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tiasue,  Upomyxonut ;  and  they  very  frequently  become  sarcomatous,  or 
lake  pait  in  the  formation  of  verj'  complex  tnmors.  They  may  t>e  dif- 
fuse or  encapsulated  with  fibrillar  connective  tissue ;  they  are  frequently 
very  large,  and  may  be  multiple.  Owing  to  the  character  of  the  base- 
ment substance,  the  blood-vessels  not  infrequently  rupture,  giving  rise 
to  larger  or  smaller  bieinorrhages  withiu  the  tnmor,  or  to  the  formation 
of  cysts.     The  cells  are  liable  to  undergo  fatty  degeneration. 

Id  Hie  ttbrous  lissiic  of  maay  tumors.  !□  chroaic  iDflammtitioi)  of  the  mucous  mem- 
branes, variously  abfliiocl  smell  cells  occur  wliose  bodies  contain  few  or  many  well- 
defined  basopliile  granules  which  are  not  infre(|UCDtly  mistaken  for  cocci.  Such  cells, 
called  "mast  cells."  occur  in  varEous  parts  of  the  normal  body.  The  nature  of  tbc 
gi^anules  lias  not  been  detlnilely  dolermined. 

Composed,  as  they  are,  of  a  type  of  tissue  from  which  fat  tissue  ia 
developed  in  the  embryo,  the  relations  of  myxomatato  fat  tissue  are 
very  intimate.  They  are  most  frequently  developed  in,  and  probably 
directly  from,  tat  tissue.  They  are  also  found  in  the  subcutaneous,  sub- 
mucous, and  subserous  tissue,  in  the  marrow  and  periosteum;  in  the 
brain  and  cord;  iu  the  sheaths  and  intrafascicular  tissue  of  peripheral 
uerves;  iu  intermuscular  septa ;  and  in  the  interstitial  tissue  of  glauds, 
such  as  tbe  manmia  and  parotid. 

The  niyxomata  are  in  geueml  benign ;  yet  they  are  very  prone,  espe- 
cially the  lipomatous  forms,  to  local  recurrence.  They  sometimes  grow 
very  rapidly,  and  sometimes,  though  ^'ery  rarely,  form  metastases.  In 
tbe  not  infre<iueut  combination  with  sarcoma  they  may  exhibit  tbe  most 
marked  malignancy. '  Some  of  the  polypi  of  Qiacons  membranes  are 
apparently  myxomata  or  fibro-myxomata.  On  the  other  band,  many  of 
the  so-called  mucous  polyps,  those  of  the  nose  for  example,  are  simply 
(edematous  hyperplasia  of  the  mucosa.' 

(Edematous,  loose,  and  cellular  forms  of  fibrillar  connective  tissue 
so  closely  re.semble  some  of  the  forms  of  mucous  tissue  that  certain 
observers  consider  them  identical.  So  prone  are  many  tumors  to  un- 
dergo mucous  degeneration,  and  so  frequent  are  the  combinations  of  the 
myxomata  with  other  forms  of  tumors,  that  it  is  often  difficult,  some- 
times impossible,  to  say  whether  tbe  mucous  tissue  in  a  giyen  composite 
tumor  is  primary  or  secondary.  i 


SABCOUA. 

These  tumors  are  formed  on  the  type  of  connective  tissue,  but  they 
are,  as  a  rule,  largely  compased  of  cells;  the  basement  substance,  though 
a  constant  and  important  factor,  being  much  less  conspicuous  than  in 
adult  connective  tissue.  They  more  closely  resemble,  in  general,  the 
developing  connective  tissue  of  the  embryo  or  the  grauulation  tissue  of 
infiammation. 

The  cells  of  the  sarcomata  are  most  varied  in  size  and  shape.  Tbey 
'  See  reference  to  Wright,  p.  467. 
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may  be  flat,  fnsiform,  spheroidal,  or  braacbed,  and  even  cnboidal  or 
cylindrical ;  they  may  be  niultinnclear  and  very  large,  or  they  may  be 
very  small  and  spheroidal,  resembling  leucocytes.  The  fibrillar  base- 
ment substance  may  be  present  in  such  small  quantity  as  entirely  to  es- 
cape a  superficial  observation,  covered  as  it  may  be  by  the  abundant 
cells;  or  it  may  be  so  abundant  as  to  give  the  tumor  the  general  appear- 
ance of  a  fibroma.  It  may  be  intimately  intermingled  with  the  cells  in 
fascicles,  or  it  may  be  iu  large  open-meshed  networks,  giving  to  the 
tumor  an  alveolar  appearance.  The  cells,  however,  always  stand  in  an 
intimate  relationship  to  the  basement  substance,  which  they  sometimes 
reveal  by  fibrillar  processes  continuous  with  it.  Blood-vessels  also  form 
a  constant  and  important  structural  element  in  these  tumors,  being  in 
some  of  them  so  predominatiug  a  factor  that  they  give  structural  outline 
and  general  character  to  the  growth.  They,  too,  as  in  the  normal  con- 
nective tissue,  are  intimately  associated  with  the.ba8ement  substance  and 
with  the  tumor  cells. 

Sarcomata  are  most  frequently  found  in  the  stin,  subcutaneous  tis- 
sue, fasciie,  subserous  connective  tissue,  the  marrow  or  periosteum,  and 
in  the  choroid.  They  may  also  occur,  though  more  rarely,  in  the  dura 
mater;  brain  and  cord ;  lymph-nodes;  in  the  adventitia  of  blood-vessels, 
and  in  nerve  sheaths;  in  submucous  tissue;  in  the  uterus  and  ovary, 
and  in  the  kidney.  In  the  liver  and  lungs  and  heart  they  may  occnr  by 
metastasis. 

They  are  most  ^mmon  early  in  life.  The  cellular  character,  the 
rapid  growth,  the  vascularity  and  succulence  of  many  forms,  the  marked 
tendency  to  local  recurrence,  and  the  formation  of  metastases,  stamp  the 
sarcomata  as  mali^iant  tumors.  But  in  this  they  vary  greatly;  while 
some  of  the  forms  belong  iu  every  sense  to  the  most  malignant  of  tumors, 
others  grow  slowly,  are  very  dense,  and  may  remain  localized  and  harm- 
less for  years.  Their  tendencies  in  this  respect  will  be  mentioned  under 
the  special  forms. 

Intimately  related  as  they  are  to  the  blood-vessels,  metastasis  is  more 
apt  to  occur  through  the  blood  than  through  the  lymph  channels,  and 
consequently  adjacent  lymph-nodes  are  much  less  apt  to  be  involved  than 
in  some  other  forms  of  tumor,  notably  the  carcinomata.  The  richly  cel- 
lular and  vascular  forms  of  sarcoma  are  especially  prone  to  luemorrhages, 
d^eneration,  and  ulceration. 

A  single  form  of  cells  is  often  so  predominant  as  to  furnish  a  suitable 
qualifying  name  for  the  tumor,  but  in  many  cases  the  cell  form  varies 
greatly  In  the  same  growth.  It  may  be  said,  in  general,  that  there  is  a 
tendency  to  reproduce  iu  these  tumors  some  of  the  special  characteristics 
of  the  tissues  in  which  they  originate.  Thus,  sarcomata  of  the  bones  are 
apt  to  be  osteo-sarcomata ;  those  of  pigmented  tissue,  like  the  choroid, 
are  apt  to  be  pigmented  sarcomata.  It  will  be  more  convenient  for  our 
present  purpose  to  describe  briefly  the  more  common  forms  one  after 
another  than  to  attempt  any  systematic  classification  of  them.  It  should 
be  remembered,  however,  that  the  various  forms  are  not  sharply  defined, 
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bat  are  apt  to  merge  into  one  auother  and  to  intermingle  in  various 
ways. 

Spindle-celled  Sarcoma. — The  cells  in  these  tumors  ma;  be  large — large 
vpmdle-cdled  8.  CFig.  150) ;  or  they  may  be  small — gmall  gpindie-eetled  S. 


Tia.  ISO,— LAHOE  SriNDLI-CKLUU)  BjlKCOHl. 

(Fig.  151).     They  may  consist  largely  of  cells,  or  may  contain  so  much 
Intercellular  fibrous  tissue  as  to  be  appropriately  called  Jibro-mrcotm. 
The  cells  are  frequently  arranged  in  fascicles,  whi<d>  surround  the  blood- 
vessels, and  these  fascicles  may  cross  and  interlace.     These  tumors,  espe- 
cially the  small-celled  forms,  are,  as  a  rule,  denser  and  firmer  and  less 
malignant  than  other  forms  of  sarcoma,  but  to  this  there  are  many  ex- 
ceptions.    They  may  be  encapsulated  or  infiltrating.     To  this  class  be- 
long the  growths  formeily  described  as  fibroplastic  tamorsand  recurrent 
fibroids.     Tbey  frequently  occur 
in  the  periosteum,  subcutaneous 
tissue,  and  muscle;  iu  the  uterus, 
and  in  various  glands,  notably  in 
the  mamma,  testicle,  thyroid,  etc. 
These  forms  are  among  the  most 
frequent  of  the  sarcomata. 

Ronnd-celled  Sarcoma. — Of 
these  there  are  two  classes— 1, 
small  round-celled  sarcomata  and, 
2,  large  round-celled  sarcomata. 

1.  The  small  round-celled  sar- 
comata consist  of  cells  of  about 

the  size  and  appearance  of  mononuclear  leucocytes  (Fig.  152),  and  may 
have  much  or  little  intercellular  substance,  which  may  be  irregularly  dis- 
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posed  or  arranged  id  lai^  meshes  resembling  alveoli.  In  many  cases,  so 
small  is  the  quantity  of  intercellular  substances  that  it  is  difficult  of  detec- 
tion without  special  modes  of  preparation.     These  tumors  often  contain 


many  blood-vessels,  and  may  be  very  soft  and  snocnlent.  Their  growth 
is  sometimes  rapid  and  they  are  often  xery  malignant. 

They  most  frequently  occur  in  the  connective  tissue  of  the  muscles 
and  fascite,  in  bone,  and  in  lymph-nodes  (lymphosarcoma).  They  also 
occur  in  the  internal  oi^ns,  not  infre<iuently  in  the  brain,  associated 
with  glioma  as  gtiosareoma. 

2.  In  the  large  round-celled  sarcomata  (Fig.  154)  the  cells  vary  in 
size,  but  are  usually  very  much  larger  than  in  the  lafit  variety.  Their 
nuclei  are  usually  large  and  coutniu  prominent  nucleoli.  They,  too,  are 
oft«D  very  vascular,  and  contain  a  variable  quantity  of  basement  sub- 


stance.    They  are  occasionally  alveolar  in  character.     They  are,  :is  a 
rule,  less  soft  and  malignant  than  tlie  small-celled  varieties. 

■elano-Sarooma. — These  tumors  consist  most  frequently  of  polyhedral 
cells  of  various  sizes.  They  are  characterized  by  the  presence  in  the 
cells,  and  less  frequently  in  the  intercellular  substance,  of  larger  and 
smaller  particles  of  brown  or  bliick  pigment  (Pig.  155).  The  pigment 
is  usually  quite  irregularly  distributed  in  patches  or  streaks.  They  arise 
most  frequently  in  the  skin  (Fig.  153)  and  iu  the  choroid.     Pigmented 
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moles  of  the  ekin  ofteu  form  their  startiiig-polDts. '     They  belong  to  the 

most  malignaDt  of  tumors.     They  very  readily  form  metastatic  tumors  in 

various  parts  of  the  body,  which  are,  like  the  parent  tumor,  pigmented. 

Various  forms  of  tumors  may  coutaiu  brownish  pigment  deposited  in 


them  by  the  degeneration  of  the  heemoglabin  from  extravasated  blood; 
these  should  not  be  mistaken  for  melanotic  sarcomata.' 

Kyeloid  or  Oiant-celted  Saiooma. — Tumors  of  this  class  are  usually 
formed  chiefly  of  spheroidal  or  fusiform  cells  of  variable  size,  but  their 
characteristic  feature  is  the  presence  of  larger  and  smaller  multiuuclear 
cells,  called  giant  cells.     These  are  closely  intermingled  with  the  other 


cells,  and  may  be  very  abundant  or  very  few  in  number  (Fig,  156). 
Giant  cells  may  occasionally  occur  in  other  tumors,  but  are  most  abun- 
dant and  characteristic  in  these.  These  tumors  are  chiefly  formed  in 
connection  with  bone,  and  may  originate  in  the  marrow  or  in  the  peri- 
osteum.    They  are  sometimes  very  soft  and  vascular,  and  subject  to 

'For  bibl.  of  multiple  melsno-Barcomata  ofibe  akin,  gee  Wiltim  and  KalUger,  Am. 
Jour.  Med.  Sci.,  vol.  cxxvi,,  1908,  p.  751. 

'  On  tbe  occurrence  of  melanitrift  in  cases  of  melano-aarconia  consult  T^aeher. 
TransoclioDS  New  York  Patliologital  Society,  1888,  p.  105. 
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iDterstitial  luemorrhages.  Some  of  these  vascular  sarcomata  were  for- 
merly classed  together  with  other  kinds  of  vascular  tumors  as  fungus 
beematodes.     Some  of  the  forms  of  epuUa  are  giant-celled  sarcomata. 


Ito.  IW.— giint«bli.i:d  Barcoua  or  bonc 

When  these  tamors  originate  in  the  marrow  of  the  long  boues,  which 
is  a  favorite  place  for  tliem,  they  are  apt  to  cause  resorption  of  the  boue ; 
and  although  the  tumor  may  be  for  a  long  time  enclosed  by  a  shell  of 


new-formed  boue,  which  enlarges  with  the  eulai^ug  tumor,  it  usually, 
sooner  or  later,  breaks  through  this  and  infiltrates  adjacent  tissues. 
They  are  liable  to  form  metastases  and  frequently  grow  to  a  very  great 
size.     The  periosteal  forms  are  apt  to  be  firmer  in  texture,  and  are  prone 
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to  the  development  of  irregular  masses  of  new  bone  within  them,  thns 
forming  one  of  the  varieties  of  osteosarcoma. 

Osteo-Sarcoma. — These  are   spindle  or  round-celled  tumors,   usually, 
but  not  always,  connected  with  bone,  in  which  irregular  masses  of  bone 


tissue  are  present.  The  bone  is  usually  of  irregular  atypical  structure, 
the  regular  lamellatiou  and  typical  Haversian  canals  being  usually  ab- 
sent (Fig.  157).  They  may  form  metastases  whieh  present  similar  char- 
acters. 

Anglo-Sarcoma. — In  many  of  the  sarcomata  in  various  parts  of  the 
body  the  blood-vessels  form  so  prominent  and  important  a  feature  as  to 
give  special  character  to  the  growth,  not  alone  by  their  size  and  general 


One  of  ibe  b1«od-v«iBe]a  w 

prominence  (Fig,  158),  but  sometimes  by  the  peculiar  arrangement  which 
their  pi-esence  gives  to  the  cells.  While  in  most  of  the  sarcomata  the 
blood-vessels  have  a  very  important  influence  in  determining  the  topog- 
raphy of  the  tumor,  in  most  of  the  denser  and  in  many  of  the  softer 
varieties  this  influence  is  not  easily  traced.  In  many  forms,  however, 
particularly  those  which  are  soft  and  very  cellular,  the  cells  are  closely 
groni>ed  around  the  vessels,  developing  in  their  adventitise  and  forming 
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sheaths  around  Ibem  (Fig.  158  aad  Fig.  159).  The  masses  of  cellB  UiaB 
formed,  with  a  blood  vessel  for  a  centre,  may  be  closely  packed  tc^tber 
in  long  strings  with  more  or  less  frequent  anastomoses  or  they  may  be 
arranged  in  ronnded  groups,  giving  to  the  tumor  an  alveolar  appearance 
(Fig,  160).     Such  tumors  are  called  angio-sarcomata.     Simple  \ 


ity,  although  this  he  extreme,  does  not  make  of  a  tumor  an  angio- 
ssii-coma. 

Alveolar  Sarcoma. — Sometimes,  as  above  stated,  the  basement  sab- 
slance  of  the  sarcomata,  particularly  in  some  of  the  round-celled  varie- 
ties, is  quite  abundant  and  arranged  in  a  wide-meshed  net,  in  the  meshes 
of  which  the  cells  lie.  These  spaces  are  called  alveoli,  and  this  variety 
of  .structure  has  acquired  importance  from  the  general  resemblance  which 
these  tumors  have  to  the  well-defined  and  ebaracteristie  alveolar  structure 
which  many  of  the  carcinomata  exhibit.  It  is  true  that  occasionally  the 
resemblance  is  very  close  indeed,  but  usually  the  sarcomata  present  a 
more  or  less  intimate  relation  between  the  cells  and  t>asement  substance. 
The  cells  usually  do  not  simply  lie  in  the  cavities,  but  are  often  attached 
to  the  intercellular  substance,  which  not  seldom  sends  finer  trabeculie 
into  the  alveoli  between  the  cells.  Sometimes  a  careful  shaking  of  sec- 
tions in  water  is  necessary  to  reveal  the  characters  of  the  reticulum. 
The  cells,  moreover,  are  usually,  though  not  always,  distinctive  in  char- 
acter. This  form  of  tumor  is,  in  some  cases  at  least,  determined,  as 
alKtve  stated,  by  the  new  formation  and  peculiar  arrangement  of  the 
blood-vessels.  Tumors  of  this  kind  are  not  common,  but  may  occur  in 
the  skin,  lymph-nodes,  bones,  and  pia  mater.  They  are  usually  very 
malignant.  Many  of  these  tumors  are  doubtless  more  properly  classed 
among  the  endotheliomata. 

■ixed  Formi  of  Sarcoma. — In  addition  to  the  above  more  or  less  well- 
defined  forms  of  sarcoma,  there  exist  various  modifications  which  have 
received  special  names.  The  sarcomata  in  which  cysts  form,  either  by 
the  softening  of  tissue  by  degeneration,  or  by  the  dilatation  of  gland 
ducts  by  pressure,  or  by  the  new  formation  of  tissue  in  gland  ducts  or 
alveoli  which  dilate  with  the  growth  of  the  tumor,  have  received  the 
name  of  q/do- sarcomata. 
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Miicons  degeneration  is  frequent  in  tlie  varioos  forms  of  sarcoma.  A 
combination  of  myxoma  and  Barooma— myxosarcoma — is  common  (see 
Fig.  161). 

Combinations  of  sarcoma  with  fat  tissue,  Hpo-sarooma ;  with  glaudu- 


FlO.  Ifll.— HTI04ABCOMA  OF  TBI  PlROTID- 

lar  structure,  aSeno-sarcoma  (Fig.  162) ;  with  cartilage,  chondro-mrconw ; 
with  muscle  tissue,  myo-garcoma ;  and  with  various  other  tissues,  are  of 
frequent  occnrrence.  Some  forms  of  pmmmoma,  or  "  brain  sand, "  found 
chiefly  in  the  dara  mater,  are  fbro-sareomata  which  have  undergone  cal- 
cification, the  lime  being  deposited  in  lamellated  masses  of  various  shapes 
within  them. 

Some  of  the  soft  papillomata  and  warts,  and  occasionally  the  polypi 


of  the  mucous  membranes,   belong  to  the  type  of  sarcoma  or  myxo- 
sarcoma. 

The  so-called  cMormiata,  which  have  been  found  in  a  variety  of  places 
in  the  body,   bnt  are  rare,  are  apparently  forms  of  sarcoma.     Chlor- 
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oma  is  characterized  by  a  greeuUh  color,  the  nature  of  which  is  not 
knomi.' 

ENDOTHELIOHA.    (Endotheli&l  Sarcoma.) 
L'uder  the  name  endothdial  sarcomata  or  endotheliontata  are  grouped  a 


1  the  reticular  e 


nomber  of  tumors  which  on  the  one  liaud  are  closely  related  to  the  sar- 
comata in  genesis,  and  in  some  cnses  iu  appeai-aiice,  while  on  the  other 
'  For  tlie  relationship  of  cliloroma  to  leukiemia  see  J>ock,  American  Journal  of  the 
Medical  Scleoces,  August,  1893,  bibliography. 
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hand  some  of  them  so  closely  resemble  some  forms  of  carciuoma  as  to  be 
with  dlMculty  distinguished  from  tliem.  The  eDdotbeliomata,  origiDOte 
iu  that  form  of  couoective-tissue  cells  called  endotbelitun,  lining  blood 
and  lymph  vessels  or  lymph  spaces,  and  develop  by  a  proliferation  of 


Fio.  us.— Endotkeuohi  or  AMncH. 
TblB  complex  lonn  of  eadotheHoma.  resembling  types  of  wlenoDi*,  not  lalrequently  occurs  In  the  avur, 

these  cells  (Figs.  163  and  164).     Sometimes  the  cells  of  the  endotheliomata 
resemble  closely  the  normal  endothelium ;  sometimes,  however,  they  differ 
ooDsiderahly  from  them,  being  occasionally  very  large,  often  thick  and 
irregnlai'  in  shape,  and  even  nearly  cylindrical  or  cuboidal  like  certain 
forms  of  epithelium  (Fig.  165).     They  are  associated  with  a  more  or  less 
abundant    vascular    stroma, 
which    may  be    alveolar    in 
formation.     In   this  case,  as 
in  alveolar  sarcoma,  it  may 
often  be  seen   that  the  cells 
have  an  intimate  relationship 
to  the  trabecule  of  the  stroma. 
Developing   from  the  en- 
dothelium of  the   vessels   or 
lymph   spaces,  these   tumors 
sometimes  exhibit  a  structure 
closely    simulating    that     of 
no.  igo.-endotkelioua  or  ncHEBrs.  tubular    glands     lined    with 

T.T)c  resembling  anRiiMttTOnnB.  more  Or  Icss  cuboidal  epithe- 

lium or  papillary  angio-sar- 
comata  (Fig.  166).  It  is  in  many  cases  difficult  to  decide  from  the 
structure  iu  the  fully  de\eIoped  parts  of  a  tumor  whether  it  is  an  en- 
dothelioma, an  adenoma,  or  a  carcinoma.    In  such  cases  a  careful  study  of 
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the  peripheral  portions  of  the  tumor  and  parts  into  which  it  is  extending 
may  reveal  early  phases  of  proliferatioa  in  th<t  endothelium  of  lymph 


fIS.  ler.— ENDOTHRLIOII^  (ENnOTBEUAL  BxacovA) 


Fio.  lea.— EHDOTHBI.IOiri  Of  PLKCB*. 

Bbowlim  Qw  formatloD  o[  mueua  vltblu  Ihe  endoUielliil  celluiani«;  tbemucuBbsIaliiHl  wlih  li»inBtoiTUi>> 
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vessels  or  spaces.  In  this  case  its  genetic  relationship  may  throw  light 
ou  the  nature  of  the  tumor,  however  similar  it  may  be  in  morpholep-  to 
carcinoma. 

Sometimes  the  cells  of  the  eudotheliomata  are  packed  together  ia 
dense  concentric  masses  (Fig.  IB* ),  which  may  have  a  glistening  ap{iear- 
ance,  and  such  tumors  are  sometimes  called  eholeaUatomata.  Although, 
for  the  moat  part,  the  peculiar  glistening  appearance  of  these  tumors  is 
due  to  the  closely  packed  thin  cells  which  compose  them,  they  not  infre- 
quently contain  crystals  of  cholesterin,  which  may  share  in  producing 


FlO.  IMt.— ENIHJTHILIOXA  of  rpPBB  JAW. 

BbcTlng  torniitioa  ol  m 


this  characteristic  appearance.  But  the  cholesterin  may  be  absent,  or 
present  in  small  amount. 

The  stroma  of  the  eudotheliomata  may  undergo  various  forms  of 
alteration,  developing  hyalin,  myxomatous,  or  cartilaginous  or  very 
dense  fibrous  characters  (Fig.  164) ;  or  it  may  atrophy,  leaving  the  pro- 
lifei-ated  endothelium  and  the  blood-vessels  as  the  chief  structural  ele- 
ments. Ou  the  other  hand,  hyaliu  and  mucous  degeneration  of  the  endo- 
thelial cells  may  occur  (Fig.  168),  and  considerable  collections  of  these 
materials,  free  from  the  cells  but  surrounded  by  the  cell  masses,  may 
give  a  cystic  character  or  lend  a  glandular  appearance  to  the  growth. 

Such  tumors— in  which  homogeneous  or  striated  cylinders  of  hyalin 
or  mucoid  material  (Fig.  16fl),  often  closely  surrounded  by  layers  of 
cuboidal  or  flattened  cells  (Fig.  165),  form  a  striking  feature — have 
sometimes  been  called  cylindromata.     The  stroma  of  the  endotlielioiiut 
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may  become  sarcomatoaB  aad  thus  a  mixed  tumor — a  sarcomatous  eodo- 
thelioma — niaj  be  formed. 

The  eudotheliomata  may  be  single,  nodular,  and  of  considerable  size; 
or  (faey  may  be  multiple,  numerous  small  tumors  being  scattered  over 
the  surface  of  the  part  in  which  they  grow.  They  may  even  form  a 
thick  or  thin  pellicle  over  surfaces,  or  o^use  adhesions  between  adjacent 
ot^us.  They  may  form  metastases.  They  occur  in  the  dura  mater  and 
pia  mater,  in  the  pleura  and  peritoueum,  and  have  been  described  iu  the 
skin,  boue,  gums,  lymph-nodes,  ovary,  liver,  brain,  testicle,  glandula 
carotica,  and  salivary  glands.' 

It  is  possible  that  as  our  knowledge  of  these  tumors  widens  we  may 
be  able  to  differentiate  a  group  formed  from  the  cells  lining  the  great 
body  cavities — peritoneum,  pleura,  and  pericardium — which  are  usually 
called  endothelium,  but  might,  as  is  ui^^  by  Minot,  on  account  of  their 
origin  and  in  distinction  from  the  endothelium  of  the  blood  and  lymph 
vessels,  etc,  be  more  appropriately  designated  mesothelium,* 


Llpomata  are  tumors  formed  of  fat  tissue.  The  fat  tissue  occurs  in 
lobules  and  is  similar  to  normal  fat,  except  that  the  cells  and  lobules  are 
usually  lai^r  and  less  regularly  arranged.  There  may  be  little  connec- 
tive tissue  in  the  tumors,  when  they  are  very  soft,  almost  fluctuating — 
lipoma  moUe—ot  there  may  be  so  much  as  to  give  the  tumor  considerable 
firmness— ^/Jftro-HjMWMi.  They  may  be  iu  part  transformed  into  mucous 
(issue — myxo-lipitma.  Cartilage  not  infrequently  develops  in  them,  or 
they  may  undei^o  partial  calcification. 

Occasionally  the  blood-veaaels  are  very  abundant  and  dilated — angio- 
lipoma.  They  are  usually  sharply  circumscribed,  but  may  infiltrate  sur- 
rounding tissues.  They  are  not  infrequently  pediculated.  They  some-  * 
times  grow  to  enormous  size  and  may  ulcerate. 

They  are  usually  isolated,  but  may  be  multiple.  They  are  common 
tumors,  occurring  usually  in  the  subcutaneous  or  other  fat  tissue.  They 
may  occur  iu  the  mucou^ membrane  of  the  gastro- intestinal  canal,  in  the 
peritoneum,  more  rarely  in  the  dura  mater,  kidney,  liver,  and  lungs. 
They  are  benign  tumors,  not  forming  metastases ;  but  they  may  be  dele- 
terious by  ulceration  or  gangrene,  and  when  not  fully  removed  may  ex- 
hibit local  recurrence.     They  may  become  sarcomatous. 


sli..  p.  1. 


Duutscli.  Zeits,  f.  Cliimrgie.  Bd. 


hibaTKh,  "Brgebnisse  d.  allg.  Path.,"  Jalirg.  i.,  Abtli.  2,  p.  360;  also  "Endothe- 
liom.."  t^if..  Jahrg.  ii..  p.  593. 

For  embrj-ologica)  c<)DSiderations  bearing  on  the  subject  see: 

Oloekatr,  Zeita.  f.  Heilkunde.  Bd.  xviii.,  p.  200.  18»T. 

Jtarehand,  Verb,  der  deutsclicu  path.  Gesellschaft,  Bd,  H.,  p.  38,  IBOO. 

Un  tbc  occuireDcc  of  giant  cells  and  rella  with  very  large  ouclei  in  eDdothelioma,  see 
Gloekner.  Ziegler's  Beitr..  Bd.  xxv).,  p.  73,  IBOO. 

'  For  a  eonslderation  of  the  relatiuiisbip  between  endothelium  aud  meBothelium  gee 
Mimt,  Science,  March  39tb,  1901,  p.  4H0. 
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These  tumore,  composed  of  either  of  the  fonns  of  cartilage,  are  nsaallj 
hard,  but  sometimes  quite  soft.  The  cells  do  not  preseut  the  same  nnl- 
formity  iu  size,  shape,  number,  and  relative  position  tJiat  they  do  in  nor- 
mal cartilage  (Fig.  170).  Sometimes  they  are  very  large,  spheroidal,  and 
grouped  iu  masses,  and  again  small  and  far  apart  They  are  frequently 
fusiform  or  branching.     Fibrillar  connective  tissue  in  varying  quantity 


Fib.  170.— Chondroma  of  Fiihdii- 

18  usually  present  in  the  chondromata,  either  as  a  capsule  or  running  in 
bands  between  the  nodules  of  cartilage,  or  passing  in  fascicles  into  them. 
The  cartilage  may  change  to  mucous  tissue,  {onaiag  mj/xochondroma, 
the  cells  may  undergo  fatty  degeneration  or  they  may  calcify  or  ossify. 
Chondromata  frequently  form  a  part  of  mixed  and  complex  tumors. 
Metaplasia  plays  an  important  part  in  the  development  of  cartilage 
•  tumors  of  mixed  type. 

Tbey  may  form  in  connection  with  bone  or  cartilage,  and  are  often 
traceable  to  irregularities  in  foetal  development.  Or  they  may  occur  in 
soft  parts  where  cartilage  is  not  normally  present,  as  in  the  parotid,  tes- 
ticle, mamma,  and  ovaries,  where  they  are  apt  to  be  mixed  with  other 
tissue ;  or  iu  subcutaneous  connective  tissue  and  fascia. 

They  are  in  general  benign  tumors,  but  metastas^  sometimes  occur,' 
most  frequently  in  the  lungs,  sometimes  in  the  heart. 

Small  hyperplastic  growths  ou  the  surfaces  of  cartilages  are  called 
ecchondruses. 

OBTEOXA. 

The  formation  of  bone  in  the  body  in  abnormal  places  occurs  quite 
frequently  and  under  a  great  variety  of  conditions.  It  is  on  this  account 
not  easy  to  define  the  term  osteoma,  and  it  is  frequently  difficult  to  de- 
cide whether  or  not  a  given  mass  of  new -formed  bone  should  be  thus 

'8  in  cliODdroma  see  Ernst.  Ziegler's  Beitr.,  Bd.  xxviii.,  p 
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desigoated.  Bone  tissne  often  occurs  in  tumors  of  the  connective-tissue 
gronp  as  a  secondary  or  complicating  structure — osteo-Jibroma,  o^eo-chon- 
droma,  osteo-aarcoma,  etc.  It  may  occur  in  muscles  as  a  result  of  certain 
exercises,  or  as  a  result  of  a  peculiar  inflammatory  process,  or  it  may 
occur  in  connection  witb  chronic  inflammation  in  a  variety  of  tissues.  A 
circumscribed  mass  of  abnormal  bone,  not  of  inflammatory  origin,  may 
be  called  an  osteoma.  Small  masses  of  new-formed  bone  of  various 
shape,  projecting  from  a  bony  surface  and  freqnently  of  inflammatory 
origin,  are  usually  called  osteophytes.  Bony  tumors  projecting  from  the 
suiface  of  bones  are  frequently  called  exostoses. 

An  osteoma  may  be  loose  in  texture,  consisting  of  bone  tissue  similar 
to  cancellous  tissue ;  or  it  may  be  very  hard  aud  dense  like  ivory,  so- 
called  ivory  exostoses.  The  difference  between  these  forms  lies  chiefly 
in  the  varying  number  and  size  of  the  vascular  and  medullary  spaces 
which  they  contain.  The  growth  of  the  osteomata  is,  as  a  rule,  slow. 
They  are  benign  tumors,  and  are  not  infrequently  multiple. 

Osteomata  may  develop  in  connection  with  the  bone  or  periosteum, 
which  is  most  frequently  the  case,  or,  independently  of  bone,  in  soft 
parts. 

Kew-formed  bone  has  been  found  in  the  soft  parts  of  the  body ;  In  the 
brain  substance,  dura  mater,  and  pia  mater;  in  the  pleura,  diaphra^^, 
aud.  pericardium ;  in  the  skin,  choroid,  air  passages,  ludgs,  aud  penis, 
and  in  other  places.  To  what  extent  some  of  these  t>one  formations  may 
have  been  due  to  inflammatory  action  it  is  not  possible  to  say. 

Odontoma. — Tnmors  are  sometimes  formed  from  the  pulp  during  the 
development  of  the  teeth.  When  these  contain  dentin  they  are  called 
odontomata. 


The  gliomata  are  developed  from  the  characteristic  framework  of 
nerve  tissue,  the  neuroglia,  which  in  structure  many,  though  usually  not 
all,  of  its  cells  closely  resemble. 
Small  cells  with  inconspicuous 
bodies  and    numerous    delicate 
branching    processes    are  most 
chai-acteristic ;  but  iu  connection 
with   these   there   is   usually  a 
greater  or  less  number  of  smaU 
spheroidal  cells  with  proportion- 
^ly  large  nuclei  (Fig.  171).    It 
is  usually  necessary  to  shake  sec- 
tions in  water  or  carefully  tease  f,^_  iTL-GLLoni  o?  BHiiN. 
fr^meuts  of  the  tumor  in  order 

to  see  the  characteristic  neuroglia  or  so-called  "spider"  cells  (Fig.  172). 
These  tumors  may  contain  very  numerous  aud  frequently  dilated  thin- 
walled  blood-vessels.  They  may  be  very  soft  or  moderately  hard ;  and, 
espeeifdly  when  occurring  in  the  substance  of  the  brain,  are  frequently 
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not  sharply  outlined  agaioat  the  adjaeeut  normal  tissue.     They  usually 

occur  singly,  -and  are  comparatively  slow  in  growth. 

They  are  frequently  associated  with  other  tiunor  tissue,  forming  ffUo- 

myxvma,  glio-sarcoma,  etc  Owing  totheabuudauee  of  thin- walled  blood- 
vessels and  the  softness  of  the 
growth,  they  are  liable  to  inter- 
stitial hemorrhages,  and  may 
then,  when  occurring  in  the 
braiu,  readily  be  mistaken  for 
ordinary  apoplectic  clots.  They 
are  liable  to  fatty  degeneration. 
They  usually  occur  in  the  brain, 
spinal  cord,  and  in  the  optic  and 
other  cerebral  ner^'cs.  The  so- 
called  gliomata  of  the  retina  are 
usually  small  spheroidal -celled 
sarcomata. 

?ia.     ITS.— NiuROflLiA  OR  "SriDEB"  Cells  rROM  „  ,-  .  •       - 

GuoMi  or  THJi  BiAiN.  Pure    gliomata    are    benign 

Teiued  spedmeo.  tnmors,   though   in   their    most 

common  combination  with  sar- 
coma they  may  be  very  malignant.  Their  usual  situation,  however,  is 
such  as  to  make  them  almost  always  significant,  although  technically  they 
are  benign  tumors.' 


Tumors  composed  of  muscle  tissue  are  of  two  kinds,  following  the 
two  normal  types  of  muscle,  the  non-striated  and  the  striated. 

L  Leiomyoma,  Myoma  LeviceUulare. — The  characteiistic  elements  of 
these  tumors  are  fusiform,  smooth  miLscle  cells,  with  elongated  or  rod- 
shaped  nuclei.  These  are  packed  closely  together,  frequently  interl^ing 
and  running  in  various  directions,  and  are  intermingled  with  a  variable 
quantity  of  more  or  less  vascular  fibrillar  connective  tissue  (Fig.  173). 
When,  as  is  not  infrequently  the  case,  the  connective -tissue  elements  are 
present  in  targe  amount,  the  tumor  is  called  Jibro-myoma  (Fig,  174).  It 
is  not  always  easy  in  sections  to  distinguish  between  these  tumors  and 
certain  cellular  fibromata,  but  the  characteristic  shape  of  the  isolated 
cells  aud  their  uuclei,  together  with  their  uniformity  in  size,  will  usually 
suffice.  These  tnmors  are  frequently  infiltrated  with  lime  salts,  and, 
owing  to  their  density  and  lack  of  blood-vessels,  they  not  infrequently 
degenerate,  fonning  cysts  or  becoming  gangrenous.  They  may  occur 
singly  or  be  multiple,  are  usually  of  slow  growth,  may  be  lai^  or  small, 
and  are  benign.  They  may  occur  wherever  smooth  muscle  tissue  exists. 
They  are  most  frequently  found  in  the  uterus,  where  they  are  ofteu  mul- 

'  Our  knowledge  of  the  noraial  neuroglia  is  still  too  meagre  to  permit  us  to  under- 
stand very  tboroughlj  tins  class  of  tumora,  and  to  separate  it  as  precjselj  as  could  be 
wished  from  certain  of  ita  allies  among  tlic  abnormal  couucrtive-lissuc  growths.  See 
foot-uote.  p.  303. 
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tiple.     Tbey  may  oc«ur  in  the  wail  of  the  gastro-tntestiDal  canal,  aud 
Lave  been  seen  in  the  kidney,  in  the  bladder,  and  in  the  skin.     The  so- 


FlO.  ITS,— MVOKA  Of  THE  UTKRIH. 
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called  hypertrophies  of  the  prostate,  so  frequent  in  advanced  life,  are 

sometimes  considered  leiomyomata  of  the  interstitial  moscle  tissue  of  that 

gland. 

n.  Myoma    BtrionlliilKre,  or  Rhabdomyoma. — lu   these  rare  tumors 

striated  mnscle  fibres  are  the  characteristic  elements.     They  very  rarely 
compose  a  great  part  of  the  tumor, 
,i":>^  ,^i;;,'».      but  are  intermingled  with  other  ele- 

ments, fibrillar  connective  tissue, 
spindle-shaped  aud  spheroidal  cells  of 
various  forms,  which  often  appear  to 
I>e  incompletely  developed  muscle 
cells.  They  are  not  infrequently 
associated  with  sarcomatous  tissue. 
Blood-vessels  and  sometimes  nerves 
lire  also  present.  The  mnscle  fibres 
differ,  as  a  rule,  from  normal  striated 
inii.scle  fibres  in  their  arrangement, 
which  is  usually  quite  irregular,  and 
also  in  size,  beiug  in  genci'al  smaller 
than  normal  fibres,  although  varying 
greatly.  The  sareolemma  is  either 
absent  or  incompletely  developed. 
These  tumors  are  usually  small  or 
of  moderate  size,  and  are  supposed  to 
originate  from  inclusions  of  cells 
destined  to  form  muscle  tissue  in 
places  where  they  do  not  belong. 
Iq  tlie  heart  and  certain  other  muscular  parts  small  circumscribed 
s  of  striated  muscle  tissue  have  been  described,  and  are  sometimes 
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called  lumologfMs  rluMmnyomaia.  But  genuine  heterologous  rhabdomyo- 
mata  are,  in  almost  all  cases  thus  far  recorded,  confined  to  the  genito- 
urinary oi^ans,  kidney,  ovary,  and  testicles.  The  writer  has  described 
an  exceptional  case  of  rhabdomyoma  occnrriiig  in  the  parotid  gland.' 

These  tumors,  when  not  associated  with  other  and  malignant  tumors, 
are  benign  and  are  of  much  greater  theoreticfd  than  practical  interest 


irZTIBOMA. 

A  tme  neuroma  is  a  tumor  con^ning  new-formed  nerve  tiBsne.  Such 
tumors  are  comparatively  rare.  Tumors  developed  in  the  connective 
tissue  of  nerves  and  composed 
usually  of  fibrous  or  mucous 
tissue  are  common,  and  are  fre- 
quently called  neuromata,  hut 
they  should  be  called  fibromata 
or  myomata,  etc. ,  of  the  nerves, 
or  false  neuromata.  The  tme 
neuromata  are  of  two  kinds, 
ganglUmic  or  caviar  neuromata 
and  JibriUar  neuromata,  depend- 
ing upon  the  character  of  nerve 
Fio.  176.-HEDR01IA  Ganglion  iFoitMK.  tlssue     which     they     Contain. 

secuon  from  ■  lumor  of  Uie  adrenal.  The    ganglionic     neuromata — 

neuroma  ganglionif orme  —  in 
which  new-formed  nerve  cells  are  present  (Fig.  176),  are  found  asso- 
ciated with  other  structures  in  certain  of  the  teratomata  iu  the  ovaries, 
testicles,  and  in  the  sacral  region ;  they  also  occur  in  the  gray  matter  of 
the  brain.     They  have  been  found  in  the  adrenals. 

The  fibrillar  neuromata  are,  according  to  Virchow,  of  two  kinds,  mye- 
linic and  amyelinic,  depending  upon  whether  the  nerve  fibres  which  they 
contain  are  nieduUated  or  not.  The  nettromamyelinicum  is  the  more  com- 
mon and  the  best  understood.  The  mediillated  nerve  fibres  in  these 
tumors  are  associated  with  fibrillar  connective  tissue,  and  are  osually 
curled  and  intertwined  in  a  most  intricate  manner.  They  are  either  sin- 
gle or  ninltiplc  on  the  peripheral  nerves.  They  may  occur  in  consider- 
able numbers  as  nodular  tumors  on  the  branches  of  a  single  nerve  trunk, 
or  they  may  form  an,  irregular,  difi'nse,  nodulated  enlai^ment  of  the 
nerve  branches — 'plexiform  neuroma.  These  neuromata  may  or  may  not 
be  painful.  They  not  infrequently  form  at  the  cut  ends  of  the  ner^'es 
iu  amputation  stumps.  They  are  benign  tumors,  never  forming  metas- 
tases. 

The  false  neuromata  are  myxomata,  or  fibromata  (Fig.  176),  or  some- 
times my xo -.sarcomata  of  the  nerve  sheaths  or  intrafascicular  connective 
tissue,  and  may  be  single  or  multiple.  Iu  the  latter  case  they  may  aflect 
th  ■  branches  of  a  single  ner^-e  truuk  (Fig.  177),  or  they  may  be  found 

:xxv,.  p.  4S8.  1883.     For  later 
,  p.  438,  18fl8. 
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ou  nearly  all  the  cerebro-spiual  peripheral  nerves.     The  writer  has  de- 
scribed a  case  (F^s.  177  and  178),  in  whicb  more  than  eleveu  hundred 
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le  h  looH  In  leibire  and  In  places  cedenuloiB.  ao  Uwt  muy  o(  ttae  oerra  flbni  pan  Ibinu^ 


and  eighty-two  distinct  tumors  were  found  distributed  over  nearly  all 
the  peripheral  nerves  of  the  body,' 

The  nerve  fibres  in  these  tumors  may  be  crowded  apart  by  the  new 
growth  and  considerably  atrophied ;  or,  in  cases  in  which  the  tumor  is 
composed  of  soft  tissue,  as  in  myxoma  or  the  soft  fibroma,  they  may 


Tia.  ITT.— IIDLTIPLX  FiBKOHiTA  (FALSI  NuTBOHiTi)  OF  PNECUOaAffrftii:  NiHTi.    One^juaner natural 

.   From  Uie  same  caw  ae  tbax  Iroai  wUcb  Uie  pbotograpblc  repivductloa  at  Fig- 118  Is  made. 

pass  through  or  around  the  tumor  entirely  unchanged.     The  multiple 
false  neuromata  are  in  many  cases  congenital.' 

ANOIOKA. 

Angiomata  are  tumors  consisting  in  latge  part  or  entirely  of  new- 
formed  blood-  or  lymph-vessels  or  cavities.  In  many  tumors  of  various 
kinds  the  new-formed  or  the  old  blood-  and  lymph-vessels  may  be  very 
abundant  or  prominent  by  reason  of  their  dilatations;  the  vessels  of 
otherwise  normal  tissues  may  also  be  largely  dilated,  thus  simuhiting 

'  iVMrfden,  American  Journal  nf  tlie  Medical  Sciences,  vol.  Ixxx.,  p  134.  1880, 
Consult  also  Predlt  and  Bektam,  Trans.  Assn.  Am.  Pliys.,  vol,  xv.,  p.  470.  1900,  bibl, 

*Por  association  of  these  tumors  with  sarcoma  see  Larkin,  Jour.  Med.  RcsearcL. 
vol  ix..  1903, 
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vascnlar  tumors.  These  are,  however,  not  true  angiomata,  although 
souietimes  reckoned  auioug  them,  and  iu  many  cases  closely  allied  to 
them.     Such  are  the  so-ealled  arterial  varix,  or  cirsoid  aneurisms,  and 


TMi  aettlon  la  Iroin  *  vmrular  nffvus.  "Btniwberry  mark,"  at  [be  sIiId. 

heemorrhoids,  and  various  lyiiiphectiisite.  True  angioiuata  are  of  two 
kinds— I.  Hiemaugioma,  aud  II.  Lymphangioma. 

L  Hamangioma. — These  turaoi-s  are  of  two  types;    1.  Those  formed 
largely  of  capillarj-  blood-vessels  with  either  thiu  or  thickened  walls, 
embedded  in  a  loore  or  less  abundant  connective -tissue  stroma.     These 
are  called  simple  angiomata  or  anffioma  tdanffkctoiAes  (Fig.   170).     The 
walls  of  the  vessels  in  these 
tumors  are  fretiuently  dilated 
or  pouched,  aud  usnally  form 
a  tangle  of  curled  and  inter- 
twined vessels.     They  occur 
most  frequently  in   the  skin 
or  subcutaneous  tissues,  usu- 
ally about  the  face,  aud  may 
project  above  the  general  sur- 
face or  be  on  a  level  with  it. 
Snch  are  the  so-called  r««ci(- 
lar  jwrri,  or  gtravberri/  marks, 
which  are  usnally  congenital. 
They  are  sometimes  sharply 

cirenmscribed,  and  sometimes  tig,  ii».-a.ioioma  CiVKRNoarM  op  livib. 

merge  imperceptibly  into  the  tws  section  sboH-sttefmiresniBii  tumor. 

surrounding     skin.       They 

sometimes  occur  in  the  nincons  membranes,  in  the  mamma,  bones,  aud 
brain.  They  are  benign  tumors,  never  forming  metastases,  but  may  be 
associated  with  sarcomata. 

2.  The  second  form  of  hemangioma,  called  angioma  cavernoaum  (Fig. 
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180),  consists  lately  of  a  seriee  of  iutercommunicating,  irregnlar-sliaped 
larger  and  smaller  blood  spaces  liued  with  endothelium,  and  sarrounded 
by  a  variable  quantity  of  fibrillar  connective  tissue,  which  may  contaiu 
smooth  muscle  cells.  They  resemble  the  erectile  tissue  of  the  corpora 
cavernosa  of  the  penis  and  clitoris.  They  are  apparently  formed  by  a 
dilatation  of  old  and  new-formed  capillaries  and  veins.  They  are  some- 
times erectile  and  sometimes  pulsating,  and  are  not  infrequently  multi- 
ple. They  may  be  seated  in  the  skin  and  subcutaneous  tissne  forming 
the  ao-called  projecting  ntevi,  or  in  internal  organs.     They  are  often 


FIG.  IHl.— CONaKNITAL  LTHPHANOIOHA    FROU  ARM  OF  CHILD. 

found  in  the  liver  and  less  frequently  in  bone,  the  brain,  spleen,  utems, 
kidney,  intestines,  bladder,  and  muscles.  They  are  usually  of  little  sig- 
nificance, though  they  may  give  rise  to  hemorrhageB. 

H  Lymphangioma. — These  tumots  consist  of  dilated  lymph  channels, 
which  cither  preserve  approximately  the  general  shape  of  the  original 
lymph- vessels,  or  are  distinctly  cavernous  in  character  (Fig,  181)  or  even 
cystic.  They  probably  originate  in  part  in  new -formed,  in  part  in  old 
lymph  channels.  A  strict  distinction  between  tumors  formed  by  a  dila- 
tation of  preformed  and  new-formed  lymph  channels  is  not  possible, 
owing  to  the  very  primitive  character  of  some  of  the  ultimate  lymph 
spaces  and  our  lack  of  knowledge  of  their  exact  relations  to  adjacent 
parts. 

In  the  lymphangiomata  there  may  be  much  or  little  connective  tissue 
between  the  dilated  channels,  which  are  usually  filled  with  a  translucent 
or  milky  fluid  resembling  normal  lymph.  These  tumors  are  usually  con- 
genital, but  are  sometimes  acquired.  They  usually  occur  in  the  skin  as 
soft,  sometimes  considerably,  sometimes  but  slightly  elevated  growths, 
and  may  occur  in  the  tongue — some  forms  of  so-called  ntacroglossia. 
Tliey  are  benign  tumors,  but  may  rupture,  giving  rise  lo  serious  lym- 
phorrhoia. 
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Tumors  in  Wbich  Epithelial  Cells  are  Predominant  or  Char- 
acteristio  Elements— Epithelial  Tumors. 

I.  ASEirOMA.     H.  OASCINOMA. 

GenenU  Considerations  Regarding  I^pHhelUd-CeU  Tumors. 

While  in  the  main,  in  the  normal  body,  the  general  distinctions 
between  epithelial  and  other  tiseues  are  fairly  well  marked,  there  are 
iustaiices,  especially  those  in  vhich  epithelial  tiasues  are  iu  process  of 
physiological  growth  or  rejuvenatioD,  iu  which  the  distinctions  are  quite 
ill-defined.  When  we  remember  the  rapid  growth  of  many  tumors,  the 
tendency  to  incomplete  formation  of  their  cells,  their  diverse  seats,  aud 
the  various  complicating  couditions  under  which  they  originate  and  de- 
velop, it  does  Dot  seem  strange  that  the  exact  limitations  of  this  class  of 
tumors  are  not  easy  to  fis,  nor  that  they  seem  sometimes  to  merge  into 
one  another  and  into  tumor  tissues  belonging  to  other  classes.  If  epi- 
thelial cells,  under  all  circumstances,  had  a  definite  and  characteristic 
structure,  or  if,  ou  the  other  hand,  we  could  always  know  whether  a 


FKi.  ISE,— Carcinoha  or  thk  Btohach— Hiduli.ary  Cabcinohi  or  Carcinoua  Holli. 

given  cell  group  originated  iu  epithelium  or  not,  the  matter  of  distin- 
guishing l>etween  tumors  of  this  and  other  classes  would  be  simple  aud 
easy  enough.  As  it  is,  insome  cases  both  morphological  and  histogenetic 
criteria  fail  us,  and  the  clinical  history  aud  gross  appearance  are  not 
characteristic.  Such  instances — which  are  indeed  rare — suggest  the 
possibility  that  the  facts  at  our  command  do  not  justify  snch  definite 
distinctions  between  epithelial  and  certain  other  tumors  as  ou  both  the- 
oretical and  practical  grounds  we  should  like  to  command.  WTiile 
these  diificalties  in  special  cases  must  be  acknowledged,  the  distinctioiis 
are  in  the  main  definite  enough,  and  very  useful  both  for  clinical  and 
scientific  purposes. 
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Epithelial  tamors  always  contaiu,  in  addition  to  the  more  or  less 
characteristic  cellular  elemeuts,  a  connective-tissue  stroma  which  gives 
them  support  and  carries  the  vessels  (Fig.  182).  This  stroma  may  be 
sparse  or  abundant,  may  contaiu  few  or  niauy  cells,  is  sometimes  ar- 
ranged in  irregular  fascicles  or  bands,  and  very  frequeutly  forms  the 
walls  of  well-defined,  variously  shaped  spaces  or  cavities  called  aheoli, 
iu  which  the  epithelial  cells  lie.  The  epithelial  cells,  iu  most  cases,  lie 
along  the  walls  of  the  alveoli  without  an  iutimate  connection  with  them. 
They  are,  moi-eover,  packed  together  without  more  intercellular  substance 
than  the  usual  cementing  material  common  to  epithelial  ceil  masses.     In 


this  lack  of  fibrillar  intercellular  substance  within  the  alveoli,  and  iu  the 
loose  relationship  between  the  cells  and  the  alveolar  walls,  lie  in  many 
cases  the  chief  morphological  distinctions  between  certain  carcinomata 
and  alveolar  aarcomata. 

In  certain  of  the  epithelial  tumors  there  is  a  reproduction  of  typical 
gland  tissue  of  various  kinds,  depending  upon  the  seat  and  conditions  of 
gi-owth  of  the  tumor.  Such  tumors  are  called  adenomata  (Fig.  183).  A 
simple  hypertrophy  of  a  gland,  or  an  increase  iu  its  size  by  excessive 
growth  of  its  interstitial  tissue,  does  not  constitute  an  adenoma.  There 
must  be  an  actual  new  formation  of  more  or  less  typical  gland  tissue. 
This  is  not  always  or  frequently  of  exactly  the  same  character  as  the 
gland  tissue  in  which  it  originates,  and  always  exhibits  a  certain  lack  of 
conformity  to  the  t>'pe  in  structure  and  mode  of  growth.  The  alveoli 
and  ducts  usually  have  a  lumen  an<l  sometimes  a  membrana  propria,  but 
the  cells  may  differ  in  shape  from  one  another  and  from  those  of  the 
gland  from  which  they  spring. 

Epithelial  tumors  in  which  there  is  no  close  conformity  to  a  glandu- 
lar type,  but  an  independent  and  atypical  growth  of  epithelial  cells  in 
the  meshes  of  an  old  or  new-foi-med  connective-tissue  stroma,  are  called 
carcinomata  (Fig.  182). 

It  will  readily  be  seen  that  there  must  be  a  border  region  between 
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tho  adenomata  aud  carcinomata,  where  couformity  to  the  glandular  type 
merges  into  the  lawlessness  of  growth  characteriBtic  of  carcinomata.  In 
this  border  region  a  certain  degree  of  individual  bias  must  be  permitted 
in  assigning  a  name  to  the  new  growth.  lu  some  cases  a  sharp  distinc- 
tion cannot  be  made ;  or  the  tumor  may  share  in  the  characteristics  of 
both,  and  then  we  very  properly  make  use  of  the  term  adeno-camnoma 
or  carcino-adenoma. 

I.    ASZNOUA. 

The  structure  of  tlie  cellular  elemeuts  of  these  tumors,  and  their  ar- 
rangement into  acini  and  ducts,  vary  even  more  than  do  those  of  the 
normal  glands  whose  types  they  follow.  The  acini  usually  possess  a 
more  or  leas  well-defined  lumen  and  membrana  propria  (see  Fig.  183). 
The  adenomata  sometimes  merge  into  the  surrounding  tissue,  or  are  con- 
tinuous with  the  gland  tissue  in  which  they  originate ;  sometimes  they 
are  distinct  in  outline  and  encapsulated.  The  interstitial  tissue  is  some- 
times abundant,  sometimes  sparse,  and  may  contain  few  or  many  cells. 
The  irregularities  of  their  growth  often  lead  to  the  stoppage  of  the 


lamina  of  their  ducts  and  the  formation  of  cysts.  They  may  undei^o 
mucous  metamorphosis  and  may  become  sarcomatous. 

Adenomata  occur  in  the  mamma,  ovar>',  liver,  tidney,  thyroid,  sali- 
vary and  lachrymal  glands,  and  in  the  caruncle;  in  the  mucous  mem- 
brane of  the  nose,  pharynx,  stomach,  intestine,  and  uterus;  and  o<^'ca- 
sionally  in  the  set)aceou8  and  sweat  glands  of  the  skin.  The  so-called 
multilocular  cystomata  of  the  ovary  are  among  tlie  moat  important  of  the 
adenomata. 

There  are  numerous  papi!Iar>'  and  polypoid  growths,  in  gland  ducts 

and  on  mucous  membranes,  in  which  there  is  an  actual  new  formation 

of  glaud  epithelium ;   but  this  is  usually  secoudarj-  to  a  primary  growth, 

beneath  the  epithelial  layer,  of  some  other  tissue,  such  as  fibrous  or 
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mucous  tissue,  and  the  new  growtli  of  gland  epithelium  stmpty  keeps 
pace  with  the  growth  of  the  stroma  which  it  covers.  Such  growths  are 
sometimes  classed  among  the  adenomata,  but  do  not,  strictly  speaking, 
belong  there. 

Many  of  tte  adenomata  are  benign  tumors,  being  slow  of  growth 
and  localized,  but  there  are  very  important  exceptions.  Some  of  the 
adenomata  of  the  stomach  and  intestines  belong  to  the  most  maliguaut 
of  tumors  in  rapidity  of  local  extension,  in  the  formation  of  metasta^ies, 
and  the  development  of  cachexia.  Certain  of  the  adenomata  of  the 
ntems,  mamma,  and  thyroid  are  also  very  malignant.  It  should  be  re- 
marked, however,  that,  as  a  rule,  the  malignant  adenomata  are  those 
which,  in  structure,  lie  close  upon  the  border  line  between  tumors  of 
this  class  and  eareinoniata  (see  Fig.  184),  and  by  .such  observers  as  in- 
cline to  lay  more  stress  upon  clinical  than  morphological  disttuctioiis 
they  are  usually  classed  among  the  latter. 

n.     CAACINOMA. 

The  tumors  of  this  highly  important  class  are  composed,  as  above 
stated,  of  a  connective-tissue  stroma,  forming  more  or  less  well-defined 
communicating  spaces  or  alveoli,  in  which  lie  variously  shaped  epithelial 
cells  arranged  in  an  atypical  manner.  The  stroma,  containing  few  or 
many  cells,  may  be,  especially  in  the  advancing  portions  of  the  tumor, 
composed  largely  of  the  old  coimective  tissue  of  the  part.  It  may,  how- 
ever, be  entirely  new  formed.  The  cells  which  lie  in  the  spaces  or  alve- 
oli sometimes  bear  a  very  close,  but  sometimes  only  a  general  resem- 
blance to  epithelium  (Fig,  182). 

Within  the  last  twenty  years  the  opinion  has  found  general  aeeept- 
auce  that  new  epithelial  cells  in  tumors,  as  well  as  under  otiier  conditions, 
normal  and  pathologicsil,  arise  after  embrj'onic  life  exclusively  from  old 
epithelium. 

The  apparent  occurrence  of  primary  epithelial  tumoi-s  in  parts  of  the 
body  in  which  epithelium  is  not  normally  present,  as  in  bone  and  the 
lymph-nodes,  has  been  recorded;  but  these  may  have  l>een  metastatic 
tumors,  in  which  the  primary  growth  was  small  and  overlooketl,  or  they 
may  have  been  displiiced  embryonic  remains,  which,  according  to  Cohn- 
heim's  hypothesis  (see  page  298),  would  explain  their  heterologous  oc- 
currence. These  possibilities  of  erroi-  should  be  taken  into  the  account 
in  the  appaiently  exceptional  cases,  and  it  is  to  be  remarked  that  they 
are  becoming  less  and  less  as  our  knowledge  increases  and  our  technical 
facilities  for  research  improve, 

A  considei-able  number  of  the  tumors  formerly  described  as  heterolo- 
gous priniari'  careinomata  are  now  known  to  be  formed  by  proliferation 
of  endothelium,  or  mesothelium, '  and  hence  to  belong  to  another  clatss — 
endothelioniiv — although  sometimes  considerably  resembling  the  carei- 
nomata in  structure. 

'  See  retL'renw  Minot,  p.  303. 
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A  great  practical  difficulty  iu  the  description,  and,  to  bejjiniiera,  in 
the  I'ecogiiitioii,  of  the  carciiiomnta  aud  their  \'arieties,  lies  iu  the  great 
divei-sity  in  shape  which  their  cells  present.  It  should  be  always  borne 
in  mind  that  the  shape  of  cells  depends  in  part  npon  their  inherited  ten- 
dencies in  growth,  which  we  cannot  see  tp^di'  the  niicroscoi>e ;  bnt  to  a 
greater  degive  npon  the  varying  conditiotis  of  nnfriroent.  and  pressure 
iu  whicli  tliey  ai-e  placed  dniing  life.     In  llie  normal  body  these  eoudi- 


Fre,  18.1— Cabcinojia  of  thk  Hand. 
Tlilanimorlsof  tbeepllliellomBloua  type  Bud  prtsmua  larg?,  roiiRli,  ulcerolcil  KiirfaM. 

tions  conform  to  a  certain  sliuidard,  so  that  cells  of  a  given  kind  at  a 
given  stage  of  development  are  approximately  similar. 

In  tumors,  liowe\ei',  the  lawlessness  and  hick  of  fixed  conditions  in 
growth  are  sneli  that  we  may  have  many  yonng  and  atypical  so-called 
indiflfereut  forms  of  cells ;  while  even  the  iulnit  forms  may  depart  widely 
from  normal  shapes.  Thns,  in  cylindrical-celletl  caix'inomata  there  am 
many  fully  developed  cells  which  are  never  cylindrical ;  tlieiv  are  many 
others  not  fully  develoi>cd  which  are  qnite  indifferent  in  f<n'm,  looking 
just  like  many  other  young  celLs.  Finally,  there  may  Ik  in  such  tumors 
Inflammatory  processes  tbrongh  which  young  connective-tissue  cells  are 
fomieil,  not  to  be  distinguished  individually  from  the  atypical  forms  of 
epithelium.  Thus  it  is  that  there  is  no  morphologically  chai-acteristic 
"cancer  cell,"  as  was  formerly  supposed.  Some  of  them  are  typical  and 
some  not,  aud  the  more  typical  may  resemble  nonnal  epithelial  cells, 
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and  the  atypical  may  look  like  youiig  connective-tissue  cells  or  even 
lymphocytes.     It  Is  in  the  topography,  together  with  the  general  charac- 


CKLLS  I.-iFlLTRATINO  THK  TISSUE  SPACSS  IN  TBI  V1C[N[TT  Or  A  TCHOR  Of  THI 

Mamma. 

From  rBrr[Doma  mammffi.    Somewbat  (llagremmiitic. 

ters  of  the  cells  and  the  situation  of  the  growth,  that  we  mnst  seek  for 
the  evidences  of  the  nature  of  snch  tumors. 

Tlie  carcinomata  are  verj'  prone  to  local  extension,  the  advaucii^ 
tumor  cells  in  the  periphery  making  their  way  through  the  lyuiph  spaces 
and  forming  new  foci  (Fig.  186).     Metastasis  is  of  frequent  occurrence 


id  <:arried  aloDg  the  vewel.  fonnlnE  metuuses. 


ill  some  forms,  and  lakes  place  JiieHy,  though  not  exclusively,  through 
the  lymph-vessels  (Fig.  1ST),  frequently  involving  adjaceut  or  remote 
lyniph-iiodes  vFig,  188).     The  growth  of  the  timior  cells  In  the  lymph- 


D.g.tized  by  Google 


Is,  either  in  the  immediate  viciuity  of  the  original  tumor  or  follow- 
ing metastasis  in  a  distant  part  of  the  body,  may  disteud  these  so  that 


Pin.  188.— tliTASTATic  Cakcisom/l  (EfitBELIOKa)  in  a  LTMI'II-NOIIE. 
Tbe  prlmitrT  tumor  was  In  tbe  TanliiB.    Tbe  iO'rtlan  sbowg  tt  (be  rJsl>t  a  smull  "epElbeLliil  paarL" 

on  free  surfaces  like  the  pleura  and  peritoueum  they  form  a  whitish, 
elevated  network.  Transverse  sections  of  such  disteude<l  lymph-vessels 
are  shown  in  Fig.  189.  Secondarj'  tumors  are  in  the  main  similar  in 
general  structure  to  the  primary  foci,  but  may  differ  from  them  in  vas- 
cularity aud  the  abundance  of  the  stroma,  or  in  the  shape  of  the  cells. 


FlO.  Iffl.— MRTASTATIC  CiHCNVOMA    IN    LVIIPH-VKSSKLS    OF  IHF  PLErRA, 

I&e  prImuT  tumor  vu  Id  tbe  liver.    Tbe  Bub-plfiiral  lymphatlra  are  wldfly  dIsU'Dded  u'llh  the  lumor-rell 
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The  carcinoiiiatn  are,  as  a  rule,  malignant  luniors,  but  the  different  formg 
vary  miieh  in  this  respttt. 

Carciiioiiiata  are  liable  to  falt.v,  colloid,  mucous,  aud  amyloid  deg:en- 
enitiou,  aud  are  esi>eciall\  prone  to  ulceration  (see  Fig.  185),  to  hieuior- 
rhage  aud  iutlammatiou  (Fig.  lilO),    They  niay  become  partially  calcified. 


FlU.   190.— EXCDATITK  INFLAUMATIOK   IN  €ArtC[NO)IA. 

SbnnluB  1ruc-oryli4  In  IhP  atromn  snil  In  the  *^pllh<'l)iiin.  The  '■pUhrUum  b>  dlalnMireUDg.  and  In  On 
mall  i¥gion  Bhuwn  In  Ihe  cm  Ihp  kfimicytes  am  apparenlli  actlntt  as  pbagwj'Us  In  Ih«  H)(i«nlDi[  sod  re- 
moval uf  the  ilbiutrtlTollhK  evllhelluiu. 

and  are  not  infi-eqiiently  combined  with  other  forms  of  tissue  ia  the 
mixed  tumoi-s. 

They  are  iiioi'e  frequent  in  the  middle-sijUKl  and  eldeily  than  iu  the 
young,  but  they  may  occur  at  any  age.'  Multiiile  primary  careinumata 
have  been  oecasioually  ri'poHed.' 

Forms  of  Carcinoma. 

Iu  certain  carcinomata  of  the  skin  aud  mucous  membranes,  the  cells, 
following  the  tyi>e  of  eiiitliclium  fi-oni  which  they  arisi',  as  they  grow 
older  are  apt  to  l)ecome  Hattcucd  or  sipiauiotis;  these  tumors  are  called 
S'lMtimoint  or  Flatcellid  (iiiciiiomata,  or  simply  EpitheUomata.  In  auothcr 
cla.ss  of  tumors,  such  as  frecjnently  0<^'cur  in  the  gust ro-int est inal  canal 
and  uterus,  the  cells  are  more  or  less  cylindnc-al  in  shape,  forming  a 
pal isiulc -like  lining  to  the  irregular  alveoli;  such  tumoi-s  are  called 
Ci/limiricalcflhd  Carciiwmata,  although  here  iig.iiu  many  of  the  cells  are 
iiot  cylindrical  at  all,  but  may  have  a  gi-eat  variety  of  forms.  There  is 
a  third  and  very  common  foiin  of  tumor,  in  which  the  epithelial  cells 

'  For  a  Ktntisliml  siimnmrv  "f  cnrcinnmii  cases,  witli  bibl.,  see  ItifcMmann.  BitI.  kl. 
'.VtH-lu-Tisclir..  Aiifc'iist  4lli  utici  lltli,  1003. 

'See  Winlhii,.  Jour.  Am,  Mvil.  Assn.,  May  Gtli,  1899.  bibliography. 
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have  no  constant  characteristic  sliai^e,  but  vary  as  much  as  do  the  cell 
forms  ill  the  various  glands  of  the  body.  Sncli  tiimoi-s  are  coin-eniently 
classed  together  as  Carcinonut  simptej-. 

Ill  addition  to  these  forms  there  ui-e  seveml  others  which  depend  for 
their  cliaracteriatics  upon  vaiions  metamorphoses  or  degenerations,  or 
upon  the  prei>oiHlcraitoe of  one  or  other  of  the  anatomical  constituents  of 
the  growth.  It  will  be  most  convenient  to  give  a  brief  description  of 
these  viirious  kinds,  oue  after  another,  with  the  uuderstanding  that  they 
are  not  absolute  si>eciflc  forms,  but  are  simply  varieties  which  it  is  coii- 
veuient  to  i-eiiognize  foi'  clinical  as  well  as  anatomical  i)urpose5. 

Epithelioma. — These  timiors  occur  in  the  skin  and  in  theiuucous  mem- 
branes which  are  covered  with  stjimmons  epithelium.  The  cells  pi-eseiit 
all  of  the  various  fonns  which  normally  exist  in  these  jmrts — the  cuboidal 
and  polyhedral  cells  of  the  i-ete  Malpighii,  as  well  as  the  more  superficial 
flattened  forms  (Fig.  191).  Fi-efjiiently  the  spiiied  cells,  or  so-called 
"prickle  cells,"  are  lai^ly  i-eproduced.  Having  to  a  certain  extent  the 
same  life  history  as  the  wlls  in  wliich  they  originate,  many  of  the  tumor 


FIfi.  191.— EPITHKLTOMi  0¥  THE  NKCK. 
Sbows  eplIbPliHl  penrla.  aplowl  cells.  BD(1  rellcular  maK>es  o[  varluusly  shaped  epltbellal  cella. 

cells  become  dry,  thin,  and  homj-,  like  (lie  epidermis  cells,  as  they  grow 
older;  and  since  their  growth  and  changes  often  occur  within  the  old 
lymph  spaces  of  the  affected  tissue  or  in  the  new-formed  alveoli,  the 
cells  are  sometimes  packed  together  in  .spheroidal,  concentric  iniis.%s 
called  "epithelial  pearls  "  (Figs.  192  and  193),  which  may  sometimes  be 
Been  with  the  naked  eye  upon  or  neai-  the  surface  of  the  growth. 
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The  new  epithelial  cell  groups  may  be  large  or  smalt,  may  be  sepa- 
rated by  much  or  little  Btroma;  often  form  reticular  masses  (Fig.  X94}, 


no.  1B3.— EPITHRLIOMI  OP  TBK  SKTN.  SHOWISO  MA9BB8  OF  EPITHELIAL  PSAELS. 
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Mid  may  infiltrate  the  tissues  deeply  or  remain  near  the  surface;  or  may 
project  above  the  surface,  forming  wart-like  or  papillarj'  growths.    These 


FlQ.  IM.— EPITHELIOUA  or  SRtN. 

SbowJDB  reticular  mntnini  of  epIIhellB]  cellg  wltb  flbroiu  atnmu. 

ttunors  frequently  olcerate  on  the  surface  (Pig.  185),  and  the  skin  about 
thera  is  apt  to  become  thickened  (Fig,  195). 

Epitheliomata  are  most  apt  to  occur  iu  the  skin,  especially  in  those 
parts  in  which  it  becomes  continuous  with  mucous  membranes — lips,  ex- 
ternal uasal  openings,  eyelids,  labia,  aud  glaos  penis — and  are  frequent 
in  the  mouth,  cesopbagus,  vagina,  aud  about  the  cervix  uteri.  They 
may  develop  iu  congenital  ufevi  of  the  skin,  such  as  that  shown  in  Fig. 


rta.  IM.— EriTRELioMA  OF  Back  or  HtNO, 

The  flat  tumor  oecupleit  neerly  the  enilre  bMk  of  the  hand,  and  was  ulcprating  at  llie  surfHce,    The  Og- 

are  Bbowa  Uie  edm  of  Ute  tumor  and  a  porUoa  of  tee  ulcer.    The  papilliv  ot  ihc  sklD  uvcr  llie  edge  of  (He 

growth  are  hypertnipbled.  Md  the  Unue  about  Is  InBltrated  with  small  spUeruldal  cella.    Fig.  1»2  shows  a 

•ectkid  tram  a  DwUiIstlr.  tumor  ot  the  ulllarr  lymph-node  In  UilB  case.    Tli<9  tumor  presented  the  grou 

n  in  (he  photograpblc  reproduetluu  In  FIe.  185. 
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19ti.  This  occurrence  illustrates  a  eongeuital  local  predisposition  to  tn 
luor  format  ion.  Hiiuple  congenital  lueri  are  sometimes  mistaken  for  epi- 
tlieliomata  because  of  similarity  in  the  gi'oss  appearance  of  certain  forms. 


A  CONOE.VITAL  KiiVT'S  OF  IHE  SKIN. 

Lhellomiua  and  ocraslonHllr  ullonl  h  sUirtliiK'poInt  tor  it 


There  are  also  carcinomata  of  the  skin,  composed  of  cnboidal  cells  ar- 
ranp^d  in  tubules  or  niiisses,  which  do  not  follow  the  tyi>e  of  the  epithc' 
Hum  of  the  skin,  but  rather  that  of  the  sweat  glands  or  sebaceous  glands.' 


F](i.    IBT.— SHALL  EPITflXLEOHA  OF  THE  SKJS    OK  TUB  FACI. 

These  tnnioi-s  aic  fdunil  most  fivqucntly  on  the  nose  aud  eyelids,  some 
of  them  rescnihlc  cndiitheliomata  (Fifj.s.  1<)7  and  188). 

Bonietinies  certain  of  tlie  cells  in  an  epithetioma  apiH?ar  to  coalesce, 
forming  a  lai^'e  multinnclear  mass.  This  variety  of  epithelioma  is  some- 
times called  i/iant-crU  <j}ith<'lioma. 

Flexiicr"  has  dfscrihctl  a  mre  tumor  arising  from  the  epithelial  layers 
of  tlie  i-etina,  which  he  calls  a  ncnro-i-fuihi-Uonw. 

Kpithcliomata  ai-e  npt  to  recur  if  not  thoroughly  i-emoved,  and  may 

'  For  a  study  of  gliiini-like  <.-|'itlitli(imota  of  thi:  skiu  see  Kromiitdiei;  Zioglcr's 
Ikilr..  B(l.  xxviii.,  11,  1,  1900. 

'  Fh:r,„-i:  ~A  Pcciiliiir  Glioma  ((leuro-t'pitbelinmu)  of  the  Hetiuu,"  Johns  Jlonkius 
Hospitul  Uiilletiii.  Au^'usl,  18U1. 
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fonn  metastases,  but  in  geiiei-al  they  are  the  least  malifrnaiit  of  the  «ir- 
ciiioiuata.  Some  of  the  smaller  forms  may  exist  fo?'  years  with  no  evi- 
dent tendency  to  gi-owtli  (Figs,  197  and  198). 

Cylindrical-celled  Carcinoma. — These  timiors,  closely  allied  to  some 
forms  of  adenoma  (see  Fig.  1S4),  occur  in  flie  stomach,  iiitestiues,  and 
litems.  The  cells  may  be  only  in  part  cylindrical,  tlie  remainder  having 
various  shapes,  and  all  being  loosely  or  closely  packed  in  larger  or  smaller 
alveoli.  They  may  have  much  or  little  straniii.  Thcymei^e  impercept- 
ibly into  the  ne\t  chiss: 

Carcinoma  Simplex.— These,  which  are  by  far  the  most  frequent  of  the 
carcinoniatn  of  internal  pjvrts,  are  characterized  by  the  alveolar  structure 
and  by  the  absence  of  any  special  characteristic  sliape  iu  the  cells,  which 


may  be  spheroidal,  pohhcdral,  fusiform,  or  cuboidsvl.  They  may  or 
may  not  resemble  the  epitlielinm  of  the  gland  in  which  they  originate. 
They  are  usually  no<lular  tumons,  and  may  be  Imi-d  or  soft.  If  the  new- 
formed  stroma  is  abundant  and  dpi:se,  and  prepondemtes  over  the  cellu- 
lar elements,  the  tumor  is  usually  hard  and  is  called  scii-rhiis  or  fibi-o- 
carcinoma  (Fig.  199).  If,  on  the  other  hand,  the  cellular  elements  largely 
preponderate,  the  tumor  is  usually  soft,  and,  if  it  do  not  contain  too 
many  blood-vessels,  may  have  a  genei-al  resemblance  to  brain  tissue,  and 
is  then  called  cneephaloid  or  viedullary  cancer ;  or,  better,  Cardnomu  inoUe 
(Fig.  182).     These  are  among  the  most  malignant  of  the  carciuomata. 


FlO.  198,— FiBHO-CAHCINOHA  or  CARCINOUA    DI'RCU  (S(?]RRH['S  CARCI.NOIUI. 

The  intercellular  tissue  in  these  carciuomata  may  become  so  abundant 
as  nearly  to  obliterate  the  cellular  elements,  but  it  is  doubtful  if  they 
ever  nndergo  spontaneous  cure  in  this  way.  These  tumors  may  be  hard 
in  one  portion  and  soft  in  another.  They  may  contain  many  blood- 
vessels, C.  telanffiectoides.     They  occur  as  primary  tumors  in  the  mamma. 
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Btomach,  liver,  tliyroid,  salivary,  and  prostate  glitiids,  in  tbe  pancreas, 
kiduey,  testicle,  aud  ovary,  and  may  occur  elsewhere. 

Oelatinoni  Carcinoma. — The  cells  of  certain  carcinomata,  especially  o{ 
the  gastro- intestinal  canal,  may  develop  a  translucent  gelatinous  material 
whose  nature  is  not  well  understood,  which  accumulates  within  the  cells. ' 
In  some  cases  this  accumulation  is  moderate  when  the  protoplasm  of  the 
cells  may  be  more  or  less  encroached  upon  by  the  translucent  droplets  of 
the  gelatinous  material ;  but  in  other  cases,  over  large  areas  the  cells  are 
partially  or  entirely  destroyed,  and  replaced  by  the  new  material  so  that 


HQ.  aott.    Carcinoma  Gklatinosiim  — "Colloid  Canckii." 
From  n  iuinor  of  tbe  atomsRh. 

the  aJveoli  of  the  tumor  are  distended  by  it,  and  their  walls  appear  very 
distinct  in  the  midst  of  the  gelatinous  substance  (Fig.  200).  In  snch 
cases  the  alveolar  structure  of  tbe  tumor  is  sometimes  very  evident  to  the 
naked  eye,  and  these  tumors  are  therefore  often  called  alveolar  carcinoma. 
Sometimes  only  a  part  of  the  tumor  is  aifected  in  this  way. 

Carcinoma  Hyxomatodes. — The  cellular  elements  of  carciuomata  may 
suffer  mucous  softening,  and  thus  lar^r  and  smaller  cysts  containing  a 
mucous  tluid  are  sometimes  formed.  To  this  type  of  metamorphosed 
tumor  the  above  name  is  sometimes  applied,  but  it  more  properly  belongs 
to  carcinomata  in  whicli  the  stroma  is  composed  of  mucous  tissue  (Fig. 
201).  Such  tumors  are  most  fre- 
quently found  in  the  gastro-intesti- 
nal  canal  and  mamma. 

Helano-CarciiLoma.  —  Tumors  of 
this  class  are  rare,  and  are  character- 
ized by  the  presence  of  a  variable 
quantity  of  black  or  brown  pigment 
particles  either  iu  the  stroma  or  in 
the  cells.     They  are  usually  soft  and 

malignant,  and  most  frequently  oc-  ^     „,    „ 

."  '  ,  .  ^  ■'  Fio.  sol-Carcinoma  Htxoxatodu. 

cur  m  the  skin. 

From  a  tumor  of  Ote  nuunnw. 

Moi.n;M:t:M  coktagiopim  is  tbe  desig- 
nation of  amflU  soft  niulliple  growilis  of  tlie  skin,  most  frequent  on  tlie  face,  arms,  and 
"  Lut  the  material  wbich  chatsctcr- 
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cliest,  und  r.n  the  external  genital  organa,  Tlity  are  Inbulated  and  contain  cells  similar 
to  tbose  of  tLe  rete  MalpigLii.  WitLin  tiie  cells  Hud  iTondiiig  the  nucleus  to  one  side, 
or  free  among  tlie  cells,  are  rounded  or  ovoid  bodies  wbicli  arc  believed  by  many  to  tie 
protozoan  parasites. 

Adamantinoma  (Oystadenoma  adamantinum ;  Epitbelioma  adamaDliuum), — This 
group  of  tumors  is  of  occnalonal  occurrence  in  tlie  jaws  cither  on  the  surface  beneatli 
tlie  mucous  membrane,  or  in  the  depth  of  the  bone.  They  appeal-  to  be  derived  from 
llie  enamel  organs  of  developing  teeth.  They  arc  frequently  cystic  from  ilie  softening 
and  absorption  of  their  tissues  and  while  in  general  benign  may  infiltrate  the  Jaw,  in- 
ducing its  alropby.  They  are  most  apt  to  form  during  tlic  period  of  the  development 
of  the  teeth.  They  consist  in  general  of  a  fibrillar  connective -tissue  stroma  in  which 
ramify  irregular  and  complex  masses  of  epithelial  cells.  These  epithelial  cell  masses  - 
are  made  up  of  rows  of  cylindrical  cells  or  of  superimposed  layers  of  cylindrical,  )>oly- 
liedral,  and  flattened  ceila.  Frequently  these  luniellee  of  epithelial  cells  enclose  a  cen- 
tral mass  of  branching  cells.  The  situation  of  these  tumors,  their  period  of  formation, 
and  the  resembUncc  of  the  structure  to  tliat  in  various  phases  of  the  evolution  of  the 
enamel  organ,  indicate  their  origin  in  some  abnormality  in  the  development  of  tlie  teeth. 
There  is  frei|uently  a  recurrence  after  the  removal  ot  these  tumors  and  the  growtL  may 
t)ccomc  sarcomatous.' 

Bibliographjr  of  Tumon. 

The  most  extensive  and  imporiant  work  on  tumors,  containing  a  vast  store  of  in- 
formation, is  tliat  of  Rudolph  Virrlioir',  "Die  ItmnkliaftCQ  GeschwDlste."  It  is  not  com- 
pleted and  is  somewhat  old,  but  is  still  invaluable  as  a  work  of  reference.  A  valuable 
bibliography  and  digest  ot  recent  observations  on  tumors  will  be  foun<l  in  Zieglrr'a 
"l*hrbueh  der  path.  Anat.,"  Bd.  i.,  last  edition.  An  important  resume  on  the  malig- 
nant tumors  in  childhood,  by  Stern,  may  he  found  in  the  neiitscliemcd.  Wochenschrift, 
June  3d,  1803,  p.  494.  "An  iDtroduclion  to  General  Pathology,"  by  Sittton,  contains 
many  suggestive  facts  about  tumors  drawn  from  comparative  pathology.  Current 
addiiiona  to  the  subject  may  be  found  in  the  files  of  Lubarsch  and  Ostertag's  "  Ergeb- 
ntsse, "  see  particularly  Lubarteh,  Jahrg.  1 ,  p.  289,  for  a  comprehensive  summary ;  also 
for  newer  bibliography  to  1899,  Aichoff.  Jahrg.  5,  for  1868.  p.  78.  Bwirf's  "Lehre  v.  d. 
QeschwQIsten,"  \Wi,  is  a  valuable  work  with  many  excellent  illustrations:  bibl. 

i.  CJiibret,  Arcli.  de  Med.  exp,. 
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CHAPTER  X. 

THE  LESIONS  INDUCED  BT  POISONS. 
Forms  of  Poisons. 

A  poisoy  has  been  coninionly  considered  to  be  a  substance  which 
when  introduced  into  the  body  from  witliout  is  capable  of  inducing,  by 
meaits  other  than  mechanical,  patliological  altenitions  of  function  or 
structure,  or  both.  But  this  conception  of  poisous  as  extraneous  pre- 
formed substances  has  recently  been  greatly  modified.  For  it  has  been 
learned  that  poisous  may  be  formed  within  the  body,  either  throngii  tlie 
action  of  micro-organisms  upon  its  organic  coustitueuts  or  thmngh  the 
metabolism  of  the  body  cells  themselves. 

It  is  thus  convenient  in  considering  the  lesions  induced  in  the  lK>dy 
by  poisons — toxic  lesions — to  place  in  one  group  those  due  to  preformed 
extraneous  poiso lis — exogenous  poisons — and  in  another  group  those  due 
to  sutjstances  formed  within  the  body — endogettom  poisons. 

It  has  furthermore  been  found  convenient  to  make  three  classes  of 
the  endogenous  poisons.  First,  thase  which  are  formed  under  the  in- 
fluence of  micro-organisms  in  the  course  of  the  acute  infectious  diseases 
and  whose  efl'ects  are  most  appropriately  studied  in  that  connection. 
These  may  be  called  endogenous  poisons  of  infectious  origin.  Second,  those 
which  arc  formed  under  the  inflnence  of  miero-oi^nisms  in  the  gastro- 
intestinal ciinal  or  elsewhere  and  absorbed  into  the  body  fluids.  Third, 
those  which  are  formed  by  the  metabolism  of  the  body  cells  themsehes. 

To  endogenous  poisoning  induced  by  either  of  the  latter  two  classes 
of  agents,  the  term  auto-iiitoxieafion  has  been  most  commonly  and  most 
appropriately  applied. 

As  we  have  already  studied  the  toxic  lesions  of  the  infectious  diseases, 
we  have  only  to  consider  here; 

First,  the  lesions  induced  by  preformed  or  extraneotis  poison — ex- 
ogeiioim  poisons ;  and  second,  those  due  to  the  endogenous  poisons  which  are 
concerned  in  the  so-calletl  aitio-intoxicatioas. ' 

'The  limitation  of  tlip  termanto-iutoxicatlonnsit  is  lierc  ustd  13  adopted  from  .Wnr 
ti'M.  wlio  lifts  wvitli'n  most  ck-arly  ami  sugKfsiivtlv  iijimi  tUe  subject.  See  Martim, 
'  rathogeufsi-  iniierer  Krankbcit*)!,"  Ht-ft  1  aiiU  3.  1898-lBOO. 
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The  Lesions  Induced  by  Exogenotis  Poisons.' 

Btilphuric  Acid. 

ThceSccUoniiiBpoisonvary  wilh  the  amount  taken  and  nith  itsstrenglli.  Death 
usually  occurs  in  frum  two  tn  twenty-four  liours  after  tbe  iiigestion  of  ilic  codccd- 
tretetl  Rcid.  A  cast-  of  deatli  wilbin  an  liour  is  recorded.  When  the  poison  is  less  con- 
ceDlratcd  or  its  effects  are  less  intense,  the  patient  may  survive  for  montlis. 

Tbe  akin  of  the  face  about  the  mouth  may  be  blackened  and  ebarrcd  by  the  acid. 

Tbe  moutb  and  pharynx  are  of  a  graylali  or  blackish  color,  or  arc  covered  with  a 
whitish  layer,  while  the  deeper  tissues  are  reddened.  Sometimes  these  regions  escape 
the  action  of  the  poison. 

The  Inryiu:,  trnrhea,  nud  bings  are  sometimes  softened  an<l  blacktfoed  by  the  acci- 
dental passage  of  tlic  acid  into  them.  This  may  take  place  even  when  the  acid  does 
not  pa%  into  the  (esophagus. 

The  'enuptiufp/*  seldom  escapes.  It  is  colored  grayish  or  blackish,  softened,  and  the 
mucous  membmne  comes  off  in  stiieds.  If  life  is  prolonged,  cicatrices  and  strictures 
are  formed.  The  gUnifieh  may  contain  a  blackish,  pulpy  fluid,  due  to  the  action  of  the 
acid  on  mucus,  blood,  etc.  It  is  coated  on  its  internal  surface  with  a  black,  sticky 
layer,  beneath  which  the  mucous  membrane  is  reddened.  The  mucous  membrane  may 
be  blackened  in  patches  or  stripes.  The  organ  may  be  contracted  and  the  mucous 
membrane  corrugated.  Sometimes  perforation  tnkes  place  and  tbe  acid  blackens  and 
softens  the  adjoining  viscera.  In  protracted  cases  cicatrices  arc  formed  and  the  organ 
Is  contracted.     If  the  poison  is  dilute  there  may  be  only  the  lesions  of  chronic  gastritis. 

Theblood  is  sometimes  thickened,  syrupy,  acid,  and  may  form  thrombi  in  tlie  vessels. 

Fatty  degeneration  of  the  renal  epithelium  is  mentioned  by  some  authors. 

The  body  niay  be  partially  preserved  from  decomposition,  owing  to  the  action  of 
the  acid  upon  the  tissues. 

The  solution  of  indigo  in  sulphuric  acid,  commonly  known  as  sulphate  of  indigo, 
produces  (he  same  lesions  as  sulphuric  acid,  and  also  stains  the  tissues  with  which  it 
comes  in  contact  of  u  dark-blue  color.  It  is  stated  that  an  indigo-blue  tint  is  often 
found  in  the  mucous  membranes  after  poisoning  by  pure  sulphuric  acid. 

Nitric  Acid. 

Death  may  occur  very  soon  after  the  taking  of  the  poison,  but  is  not  usual  until 
the  lapse  of  several  hours,  and  may  not  ensue  tor  several  days  or  weeks, 

Tbe  surface  of  the  mucous  membrane  of  the  moulh,  plmryiii,  and  teftpJiagfii  is  cov- 
ered with  yellow  eschars  wherever  the  acid  has  touched  it.  Dencath  and  around  tlie 
eschars  the  tissues  are  congested  and  re<l.  The  poison  may  reach  the  oesophagus 
without  acting  on  the  moulh.  The  stomach  contains  a  viscous,  sanguiuolent,  yellow 
or  greenish  fluid.  The  mucous  membrane  is  congi'Sted,  red,  swollen,  softened,  and 
ecchymotic.  It  is  rarely  perforated.  The  diiodfnum  may  be  inflamed,  and  the  inflam- 
mation extend  to  its  peritoneal  coat.  The  rest  of  the  intestines  usually  escapes  the 
action  of  tbe  acid. 

The  liirynx  Is  very  frequently  acted  on  hy  tbe  acid.  There  arc  yellow  eschars. 
congestion  and  swelling  of  the  mucous  membrane,  sometimes  o'dema  of  the  glottis. 
The  tradiea  may  be  inflamed  and  llie  liin^t  congested. 

If  the  patient  survive  the  first  effects  of  tbe  jioison.  chronic  iiiflannnalion,  cicatriza- 
tion, and  contraction  may  occur. 

Tlie  acid  nitiale  of  mercury,  if  taken  in  a  concentrated  form  into  tlie  stomach,  may 
induce  the  same  lesions  as  nitric  acid. 

3  be  taken  in  the  post-mortem  examination  in  cases  o7 
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Hydrochloric  Add. 

In  fotat  coses  death  occimon  theaveragc  in  about  twenty-four  hours.  The  lesioiu 
are  in  gcntral  similar  to  iliose  produced  by  Bulpburic  and  nitric  acids,  except  that  the 
eschars  are  usually  of  a  wbitisli  color  at  first,  becoming,  after  a  time,  discolored  and 
disintegrated.    It  is  also  more  common  to  find  false  membrtmesoa  the  ioflamud  surfaces. 

OxaUc  Acid. 


In  fatal  cases  death  may  occur  witliin  ten  minutes  (in  one  case  it  occurred  in  three 
miDUtes)  or  it  may  be  delayed  for  two  or  three  neeks.  The  period  of  death  docs  not 
depend,  aa  do  in  general  the  symptoms,  upon  tlie  amount  and  concentratioo  of  tbe 

The  mucous  membrane  of  the  movtfi,  pharyiu,  and  caopluigvs  is  usually  white  and 
shrivelled,  and  easily  peeled  oS,  and  may  be  covered  with  brownish  vomit  from  tbe 
stomach.  Tbe  oesopliagus  may  be  much  contracted.  The  ttomadi  is  usually  contracted 
and  contains  a  dark -brown,  acid,  mucous  fluid.  The  mucous  membrane  of  tlie  stomach 
may  be  pale,  soft,  and  easily  delacbed.  sometimes  looking  as  if  it  had  been  boiled  in 
water.  Sometimes  it  is  red  and  congested:  sometimes  bUckened  and  gangrenous; 
sometimes  peeled  off  in  patches.  Perforation  is  of  rare  occwrrence.  If  life  be  pro- 
longed the  whitened  condition  of  the  mucous  membrane  is  succeeded  by  congestion  and 
inflammation.  The  mudl  inteMinea  may  be  inltamed.  Inflammation  of  the  pleura  and 
peritoneum,  and  congestion  of  Che  luiig*,  are  of  occa^onal  oi 
death  from  oxalic  acid  there  arc  no  well-marked  lesions. 

Potassium  oxalate  produces  the  same  lesions  as  oxalic  acid. 

Tartaric  Acid. 

Tills  acid  is  seldom  used  a 
lesions  in  tbe  cases  observed  wer 
of  the  gaatro- intestinal  canal. 

Potash,  Soda,  and  their  CarboTtates. 

These  sulistances  are  not  commonly  use<l  as  poisons  with  suicidal  or  homicidal  in- 
tent, but  may  be  taken  by  mistake.  They  may  cause  death  in  a  few  hours,  or  life  may 
be  prolonge<l  for  scveriii  weeks. 

The  mucous  membrane  of  the  mouth,  pliarynr.  OKophaffos.  and  ttomneh  is  softened, 
swollen,  congested,  and  inflamed,  or  may  be  peeled  off.  It  may  be  blackened  from  local 
changes  in  tbe  blood.  The  mucous  membrane  of  the  larynt  and  trn(hea  may  alsc  be 
swollen  and  inflamed. 

If  life  is  prolonged  for  some  time,  cicatrices  and  strictures  of  the  a»ophagv*»aA 
ttomnrk  are  apt  to  be  produced  as  a  result  of  the  reparative  inflammation. 


The  vapor  of  strong  ammonia  may  cause  death  from  inflammation  of  the  larynx 
and  air  pas.suges.  The  strong  solution  of  ammonia  produces  lesions  similar  to  those  of 
potash  and  soda.  The  Uiryiix,  traclwi,  and  broiichi  are  frequently  inflamed,  and  may 
be  covered  with  false  membranes.  Fatal  inflammation  of  th^  rectum  and  colon  lias 
been  produced  by  an  enema  of  strong  solution  of  ammonia. 

Potaasium  Nitrate. 


Accidental  poisoning  sometimes  occurs  from  large  doses  of  this  salt.  In  the  ob 
served  cases  there  were  intense  congestion  and  inflammation  of  the  ttomaeh  and  inta 
tinet,  and  In  one  case  a  small  perforation  of  the  stomach  existed. 
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For  the  efiecta  of  several  infrequeatly  employed  salts  of  the  alkalies  and  alkaline 
earths,  which  for  the  most  part  produce  simple  iaflammatioa  of  the  gastro-intestinal 
caoal,  we  refer  to  special  works  on  toxicology. 

Fhoaphonu. 

PoiaoniDg  by  phosphorus  is  much  more  coniraOD  in  France  and  Germany  than  In 
this  coUDtry.  Some  of  the  forms  of  rat  poison,  of  which  this  is  a  frequent  Ingredient, 
and  the  ends  of  mat^'hes,  are  common  media  for  its  administration.  It  is  more  often 
used  with  suicidal  than  with  homicidal  intent. 

The  post-mortem  appearances  vary  according  to  the  length  of  time  which  elapses 
before  death,  which  may  be  from  a  few  hours  to  several  months. 

If  death  takes  place  in  a  few  houra  the  only  lesioos  may  be  those  produced  by  the 
direct  local  action  of  the  poison.  Tlie  mouth,  phsryor,  and  cesopbagus  usually  escape. 
The  Blomach  may  be  only  slightly  reddened,  or  lliere  may  be  patches  of  inflammation 
and  erosion.  The  contents  of  the  stomach  are  often  mixed  with  blood  and  msy  have 
the  peculiar  smell  of  phosphorus.  There  may  be  little  bits  of  wood  present  when  llie 
poison  has  been  taken  from  the  heads  of  lucifer  matches.  It  is  said  that  the  mucous 
membrane  of  the  stomach  may  emit  a  phosphorescent  light  in  tlie  dark. 

It  death  does  not  ensue  until  after  several  days  the  lesions  are  more  marked.  The 
body  is  usually  jaundiced.  There  may  be  ccchymoses  beneath  the  pericardium,  pleura, 
and  peritoneum,  in  the  lungs,  the  kidneys,  the  bladder,  the  uterus,  the  muscles,  and 
the  subcutaneous  connective  tissue,  and  bloody  fluid  in  the  visceral  cavities. 

Cliromatolysis  of  tlie  ganglion  cells  may  occur. 

The  heart  atui  Totuntar}/  mu»cle».  the  walls  of  the  bloo(l'Ve»»eU.  and  the  epithelium 
of  the  pulmonary  airvcslcles  may  be  in  tlie  condition  of  fatty  degeneration.  The  blood 
is  usually  dark  and  fluid. 

The  »tvnuich  sometimes  presents  no  very  striking  changes.  There  may  be  small 
drcumacribed  spots  of  inflammation,  erosion,  or  gangrene,  and  occasionally  perforation. 
The  most  constant  change  is  albuminous  and  fatty  degeneration  of  the  cells  which  line 
the  gastric  follicles.  In  consequence  of  this  the  mucous  membrane  appears  thickened, 
opaque,  of  white,  gray,  or  yellow  color.    The  irniall  intentitie  appears  normal  or  Is  con- 

The  liver  is  found  in  different  degrees  of  albuminous  and  fatty  degeneration,  and 
is  often  stained  yellow  from  the  jaundice.  It  is  usually  increased  in  size  and  of  a  gray- 
ish-yellow or  light-yellow  color,  unless  stained  by  the  bile.  Less  frequently  the 
centres  of  the  acini  are  congested,  or  the  entire  liver  is  congested,  or  there  are  small 
hcemoiThages  in  the  liver  tissue.  The  liver  may  lie  soft,  flabby,  and  smaller  than  nor- 
mal. In  the  Interstitial  tissue  of  the  livei-  and  along  the  branches  of  the  portal  vein 
there  may  t>e  marked  infiltration  with  small  spheroidal  cetU, 

The  kidveyi  often  present  albuminous  and  fatty  degeneration  of  the  epithelium. 
The  mtienterie  lymph-juidet  may  be  soft  and  swollen  from  hyperphisia. 

This  poison  is  very  frequently  employed  with  suicidal  intent.  Death  may  occur 
in  a  longer  or  shorter  time  from  the  direct  irritative  effects  of  the  poison  upon  the 
gastro-intcsliDal  canal,  with  the  symptoms  which  usually  accompany  the  ingestion  of 
irritant  poisons;  or  it  may  occur  with  symptoms  o(  collapse,  or  coma,  or  shock;  or  the 
symptoms  may  resemble  those  of  cholera.  The  average  time  of  death  in  acut«  fatal 
cases  is  about  twenty  hours,  but  death  has  occurred  in  twenty  minutes  and  has  been 
prolonged  for  two  or  three  weeks. 

The  trunith,  pharyja,  and  aaophagua  may  be  inflamed,  but  are  more  frequently  un- 
altered. The  ttamndi  may  be  empty  or  contain  mucus  mixed  with  blood.  The  arsenic, 
in  substance,  may  be  found  adherent  to  the  mucous  membrane  or  mixed  with  the  con- 
tents of  the  organ.  It  has,  in  rare  cases,  been  found  enc}'sted  in  the  stomach  in  consid- 
erable quantity.  When  invisible  to  the  naked  eye  a  microscopical  examination  of  the 
23 
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stomacb  contents  will  not  infrequeotlj  reveal  cliftracteristlc  crystals  of  arsenioua  acid 
or  some  of  its  compounds.  The  slomach  may  be  cuatractcd  and  iU  mucoua  meinbraiie 
corrugated.  Tbe  entire  inuer  surface  may  be  red  and  iutlamed,  or  there  may  be  patches 
or  streaks  of  iaQammation  or  deep  congestion.  The  intlamed  and  congested  patches 
may  be  thickened  and  covered  with  false  membrane  mixed  with  larger  and  smaller 
particles  or  masses  of  the  poison.  Ulceration,  ptrforalioa,  and  gangrene  are  rare. 
Blood  may  be  extravasated  into  tbe  mucosa  and  aubraucosa,  and  with  tbe  congestion 
give  the  mucous  membrane  a  very  dark-red  or  brown  appeaisnce.  Frequently  the 
mucous  membrane  is  studded  with  small  petechife.  Sometimes  the  arscuic  is  converted 
in  the  stomach  into  the  yellow  sulphide.  There  may  be  acute  gastritis,  even  when  tbe 
poison  is  absorbed  by  the  slcin  or  otherwise  and  not  introduced  into  the  stomach.  Tbe 
epitiielium  of  tbe  gastric  glands  may  undergo  granular  and  fatty  degeneration. 

The  entire  length  of  the  iitteHiiie  may  be  congested  and  innamed.  but  the  action  of 
tbe  poison  does  not  usually  extend  beyond  the  duodenum.  In  some  cases  the  totitarj/ 
lymph  nofliiU*.  Peyer's  jmtdie*,  and  the  metotteric  jiedet  arc  swollen.  Inflammation  of  the 
bladder  and  peHtonenm,  and  congestion  and  cedema  of  tbe  brain,  have  been  observed. 
but  are  neither  frequent  nor  in  any  way  characteristic.  Fatty  degeneration  of  the 
mugclei,  liter,  kidnegii.  blood-tt«»eh,  and  rmcular  epithelium  of  the  Utngi  and  ehromatoly- 
ais  of  tbe  ganglion  celU  may  follow  arsenical  poisoning. 

Alterations  in  tbe  spinal  cord  indicative  of  acute  myelitis  have  been  described  by 
Popon'  as  occurring  in  dogs  poisoned  with  arsenions  acid. 

The  walls  of  the  stomach  and  intestines  and  other  parts  of  the  body  may  be  pre- 
served from  decomposition  for  a  long  lime  after  death  by  arsenical  poisoning. 

It  should  always  be  borne  in  mind,  in  examining  cases  of  suspected  arsenical  poi- 
soning, that  death  may  be  produced  by  arsenic  and  its  compounds  without  any  appre- 
ciable lesions.  While  in  general  it  may  be  said  that  in  tbe  cases  in  which  no  lesions 
are  discovered  death  has  probably  occurred  soon  after  the  ingestion  of  the  poison,  it 
should  be  remembered  that  death  without  lesions  may  exceptioiwlly  take  place  long 
after  tbe  usual  time  at  which  inflammatory  changes  commence. 

Compounds  of  arsenic,  such  as  the  chloride  and  sulphide,  and  the  arsenite  (Sclieele's 
green,  Paris  green),  are  sometimes  used  for  suicidal  purposes,  and  produce  lesions  simi- 
lar to  those  of  araenious  acid.  Riris  green  is  a  favorite  article  in  New  York,  particu- 
larly among  Oemians,  for  suicidal  purposes.  It  is  usually  taken  in  considerable  quan- 
tities, and  is  often  found  in  tbe  stomach  after  death.' 

Oorrosive  Sublimate. 

The  mucous  membrane  of  tbe  mouth  and  Giroat  may  be  swollen,  inflamed,  or  have 
a  grayish -white  appearance,  Tbe  wiophagug  may  be  swollen  and  white,  or  congested, 
or  unaltered.  The  mucous  membrane  of  the  vtomaeh  is  usually  congested  or  inflamed, 
or  there  may  be  patches  of  softening,  ulceration,  or  gangrene.  Perforation  is  of  rare 
occurrence.  Small  eccbymoses  in  the  mucosa  are  not  uncommon.  Sometimes  there  is 
little  or  no  change  in  the  stomacb.  Sometimes  the  mucous  membrane  of  the  stomach 
is  slate-colored  from  the  deposition  of  metallic  mercury  from  the  decomposed  salt.    The 

'  P'ipnii,  "tJeber  die  Verftnderungen  im  RQckenmarke  nach  Vergiftung  mit  Arsen," 
etc..  Virch.  Arch.,  Bd.  xciii.,  p.  a-il, 

'  It  ia  advisable,  in  cases  of  suspected  arsenic  poisoning,  particularly  if  the  body 
has  lain  for  some  time,  as  in  exhumations,  to  preserve  not  only  all  of  the  internal  organs 
entire  for  the  clieinist,  but  also  portions  of  the  muscles  (ba'ck.  thigh,  arm,  and  abdo-  ■ 
men),  and  also  one  of  the  long  bones,  preferably  the  femur,  since  arsenious  add  and 
its  compounds  are  quite  difi'usible.  and  may  be  present  in  proportionately  larger  quan- 
tity in  other  parts  tlian  in  the  gastro -intestinal  canal.  It  is  desirable  to  save  tbe  whole 
of  the  internal  organs,  and  to  weigh  the  muscle  and  bones  as  well  as  tbe  whole  body  at 
the  autopsy,  in  onler  that  the  calculations  of  the  chemist,  in  ease  arsenic  be  found,  may 
rest  upon  a  definite  basis,  and  be  as  little  as  possible  dependent  upon  estimates,  whose 
value  may  be  questioned  by  lawyers  shoidd  the  case  come  into  the  courts. 

An  interesting  article  on  arsenic  as  a  poison,  with  various  collateral  data  by  PelitK, 
will  be  found  in  Hamilton's  "System  of  Legal  Medicine,"  vol,  i.,  p.  349. 
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inttftiaet  may  appear  Dormal,  or  iJiere  may  be  pau^lies  of  congestion  and  cccbymosis. 
The  liiryiir  and  trnchen  may  be  congealed.  The  kidiifyt  may  show  albuminouH  and  fatty 
degeneration  of  the  epithelium. 


The  ditferent  preparations  of  lead  may  prove  fatal  either  from  the  immediate  effect 
of  large  doses  or  from  the  gradual  effects  of  repeatt-d  smtill  doses.  Although  there  may 
t>e  marlied  symptoms  during  life,  the  post-mortem  lesions  are  few  and  variable. 

There  may  be  chromatolysis  of  tlie  ganglion  cells. 

I.Arge  doses  may  produce  acute  gastritis,  and  sometimes  a  whitening  of  the  mucous 
membrane.  The  intestines  are  generally  coutracle<l.  and  there  may  be  fatty  degenera- 
tion of  the  renal  epithelium:  very  frequently  there  are  no  appreciable  lesioas. 

[q  chronic  lead  poisoning  the  Intestines  may  be  contracted,  the  voluntary  muscles 
flabby  and  light  colored,  or  partially  replaced  by  connective  tissue,  and  there  may  be 
chronic  meningitis. 

Acute  poisoning  by  salts  of  coppter  is  not  very  common,  but  It  ts  of  occasional  acci- 
dental occurrence,  and  the  salts  are  infrequently  used  with  suicidal  intent.  The  sul- 
phate and  scelate  arc  the  roost  important  salts  in  this  respect.  Soluble  salts  of  copper 
,  may  be  formed  In  the  use  of  copper  cooking  utensils,  and  accidents  most  frequently 
occur  in  this  way. 

The  post-mortem  appearances  are  somewhat  variable.  The  pharynt  and  ampkagut 
may  be  somewhat  inflamed  or  unclianged.  The  mucous  membrane  of  the  ttomneh  and 
iiile»tine»  may  be  inflamed,  ulcerated,  or  gangrenous,  and  perforation  and  peritonitis 
may  occur.  The  mucous  membrane  may  have  a  diffuse  greenish  color,  or  particles  of 
the  salt  may  be  found  adhering  to  it. 

Tartar  Emetic. 

This  preparation  of  antimony  may  prove  fatal  when  administered  in  a  single  large 
dose  or  in  repealed  small  doses.  The  post-mortem  lesions  are  not  conslant.  In  eases 
of  chronic  poisoning  there  are  usually  no  appreciable  lesions. 

lu  cases  of  acute  poisoning  there  may  be  evidence  of  acute  inllammation  of  the 
mcphngut,  ttomnch,  iiitutinit,  and  periU/neiim.  Sometimes  the  stomacli  exhibits  no 
lesions,  while  the  intestine  is  involved.    Tbe^ir^nxand  ^in^^maybe  deeply  congested. 

Veg«tabls  IrritantB. 

Aloet,  (oliKgnih,  gniaboge,  jalap,  teaminoiiy,  mria,  eroton  oil,  eolchtciim,  reraliia.  heUe- 
bore,  daterium,  and  turpentine. 

All  these  drugs  may  produce  poisonous  etfecis.  The  post-mortem  lesions  are  con- 
gestion, inflammation,  and  sometimes  ulceration  of  the  gastro -intestinal  raucous  mem- 
brane; but  these  lesions  are  sometimes  present  and  somelimes  absent. 

Oantharidea. 

This  substance  may  be  given  in  powder  or  tincture.  The  entire  length  or  only  a 
portion  of  the  alimentary  caiial  may  be  congested  or  inflamed.  There  may  be  patches 
of  gangrene  of  the  mucous  membrane  of  the  utomaek.  When  the  poison  has  been  taken 
in  substance  a  microscopical  examination  of  the  contents  of  the  alimentary  canal  or  at 
the  mucous  membrane  may  reveal  the  glistening  green  and  gold  particles  of  the  fly. 

The  kxAneyt,  vrtter*.  and  Miidiler  may  be  congeste<l  and  inflamed.  There  is  some- 
times congestion  of  the  brain  and  Us  membisncs. 
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Opium  and  Korpbin. 
The  post-mortem  appeanuices  in  persons  who  have  died  from  opium  or  morphine 
poisoning  are  inconstant  and  not  cliaracteristic.  Congestion  of  the  brain  and  its  mem- 
branes, with  serous  effusion  in  the  membmnes  and  ventricles,  and  congestion  of  the 
lungs,  are  changes  occasionally  seen,  but  they  arc  frequently  entirely  absent,  and  when 
present  are  not  characteristic  of  death  from  this  poison. 

Poisonoua  Fungi. 

The  action  of  these  substances  varies  greatly,  and  the  post-mortem  appearances  are 
Inconstant  and  not  cbaTHC (eristic.  lu  genera),  when  any  lesions  are  present  they  are 
those  of  gastro- Intestinal  irritation  or  of  venous  congestion,  or  t>ath. 

Microscopical  examination  may  reveal  characteristic  fragments  of  fungi  in  the  con- 
tents of  the  alimentary  canal. 

Hydrocyanic  Acid. 

This  poison  in  fatal  doses  may  destroy  life  in  a  very  short  time.  The  post-mortem 
appearances  are  inconstant  and  not  characteristic.  The  skin  may  be  livid  and  the  mus- 
cles contracted.  The  liontach  may  be  congested  or  normal.  The  most  frequent  internal 
appearances  are  those  of  general  venous  congestion.  Under  favorable  conditions  the 
odor  of  prussic  acid  may  be  detected  in  the  stomach  or  blood  or  brain,  or  other  parts  of 
tlie  body.  It  may  be  absent  in  the  atomach  and  present  lu  other  parts  of  the  body.  If 
the  patient  have  lived  for  some  time  the  odor  may  be  absent  altogether. 

Cyanide  ofpotasHum  may  produce  the  same  lesions  as  hydrocyanic  acid,  and  there 
Is  the  same  inconstancy  in  their  occurrence, 

Nitrobenxol. — This  substance  produces  general  venous  congestion,  and  the  odor  of 
the  oil  of  bitter  almonds  may  be  more  or  less  well  marked  in  the  body  after  death. 

CarboUo  Acid. 

When  this  poison  is  taken  into  the  stomach  the  mucous  membrane  of  the  mouth. 
Kftophagug,  and  ttamach  may  be  white,  corrugated,  and  partially  detached  in  patches,  and 
the  edges  uf  the  affected  parts  may  be  hypertemic  or  there  may  be  patches  of  extrava- 
sation. Brownish,  shrunken  patches  may  be  present  about  tlie  mouth.  The  brain  and 
meninge*  may  be  congested.  There  may  be  congestion  and  cedema  of  the  litngt.  and 
congestion  of  the  liter  and  »pteen.  The  blood  is  usually  dark  and  fluid,  Tiie  urine  is 
commonly  of  a  dark  or  greenish  color.  The  odor  of  the  poison  may  be  evident  in  the 
body  and  io  the  urine, 

Alcobol. 

The  different  preparations  of  alcohol,  when  taken  in  concentrated  form  or  in  large 
quantities,  sometimes  produce  sudden  coma  and  death  in  from  half  an  hour  to  several 
hours.  In  acute  poisoning,  if  death  have  followed  soon  after  the  Ingestion  of  tlie  poison, 
the  body  may  resist  decomposition  for  an  unusual  length  of  time.  The  stomach  and 
tissues  may  even  have  a  more  or  less  well-marked  alcoliolic  odor.  The  stmnaeh,  and 
even  the  <rs(/phagiis  and  dvodenum.  may  be  of  a  deep-red  color.  There  may  be  puncti- 
form  ecchymoscs  in  the  gastric  mucous  membrane.  In  many  cases  the  stomacb  is  ap- 
parently quite  normal.  There  is  apt  to  be  venous  congestion  In  some  of  the  inteinal 
organs,  bu  t  this  is  not  constant.  There  are  frequently  congestion,  and  sometimes  extrava- 
sation of  blood  in  the  brain  and  its  Membranes,  and  cedema  of  the  membranes  or  of  the 
brain  substance,  or  both.  There  may  be  a  serous  effusion  in  the  ventricles  of  the  brain. 
also  chroniatolysis  of  the  ganglion  cells. 

In  chronic  alcohol  poisoning  death  may  ensue  from  some  other  disease,  or  after  a 
debauch.  In  the  latter  case  there  may  be  delirium  tremtru,  or  the  patientdies  exltaualed 
Chronic  alcoholism  Is  not  infrequently  mistaken  clinically  for  meningi- 
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Us.  The  post-mortem  lesions  are  sontetimes  marked,  sometimee  abseDt.  There  may  be 
chroDJc  pachymeniDgitis,  resulting  in  tbickening  of  the  dura  maltr  and  its  close  adiier- 
eoce  to  the  skull.  The  jnii  vuiler  may  be  thickened  and  <Bdemstoua,  The  brain  may 
be  normal  or  cedematous  or  atrophied  and  show  cliromatotyals  of  tlie  ganglion  cells. 
The  lungthK  frequently  congested.  The  heart  may  be  thickly  covered  with  fat,  and 
its  walls  may  be  flabby  and  fatty.  The  ttrnnadi  fretjucntly  presents  the  lesions  of 
chronic  gastritis.  The  iittr  may  be  cirrhotic,  with  or  without  fatty  infiltration.  The 
kidneg*  may  present  the  lesions  of  albuminous  or  fatty  degeneration  or  of  chronic  dif' 
fuse  nephritis. 

It  should  always  be  remembered,  however,  that  all  or  a  part  of  the  above  lesions 
may  be  absent  in  the  bodies  of  drunkards,  and.  furthermore,  that  the  same  lesions  may 
be  due  to  other  causes, 

Ohlcnrofbrm. 

Chloroform  may  cause  death  when  it  is  taken  in  fluid  form  into  thestomach  or  when 
inhaled.  Death  from  swallowing  liquid  chloroform  is  rare,  and  its  immediate  cause  is 
usually  uncertain.  The  post-mortem  changes  arc  variable:  sometimes  there  are  no 
lesions.  Li  some  cases  there  is  simple  reddcuing  of  the  gastric  mucous  membrane;  oc- 
casiooally  there  is  acute  gastritis  or  ulceration  of  the  mucous  membrane.  The  odor  of 
chloroform  may  or  may  not  be  evident.  Discoloration  and  softening  of  the  mucous 
membrane  of  the  pharynx,  cesophagus,  and  duodenum  have  been  observed.  There  may 
be  general  venous  congestion  i  the  heart  may  be  flabby.  Bubbles  of  gas  have  been 
frequently  seen  in  the  blood,  but  this  is  not  characteristic.  Death  from  inhalation  of 
chlorofonn  is  a  not  infrequent  accident  in  surgical  practice.  After  death  from  inhala- 
tion the  reaulta  of  the  examination  ore  usually  quite  negative. 

Xther. 
The  inhalation  of  ether  occasionally  causes  death.    The  post-mortem  examina- 
tion is  negative.     The  ingestion  of  fluid  ether  may  induce  inflammation  of  the  stomach. 
The  odor  of  ether  may  be  perceptible  if  tlie  autopsy  is  made  soon  after  death. 

Chloral  Hydrate. 
There  are  no  characteristic  post-mortem  appearances  after  death  by  chloral.    Hy- 
peremia of  the  brain,  and  the  odor  of  the  drug,  have  been  noticed. 

Strychnin— Nux  Vomica, 

The  post-mortem  appearances  after  poisoning  by  these  drugs  ore  not  characteristic 
and  are  inconstant.  The  body  if  usually  relaxed  at  the  time  of  death,  but  the  rigor 
mortis,  as  a  rule,  comes  on  early  (.ud  remains  long.  Tliere  may  be  cungestioa  of  ttic  brida 
<uid  tpinaleord,  and  sometimes  of  the  luiig*  oxiAUoimu-.h.  Cliromstolysisoftbe  ganglion 
cells  is~  recorded. 

Animal  Tenom,  etc. 

The  poisons  which  may  be  introduce<l  into  the  body  through  the  bites  of  venomous 
snakes  and  reptiles  and  the  bites  of  insects  cannot  be  considered  in  detail  here.' 

Abrin  and  ricin  are  examples  of  poisonous  substances  which  induce  in  the  body 
lesions  rimilar  to  those  in  certain  infectious  diseases  (see  page  SOl)- 

Carbonic  Oxide. 

This  is  one  of  the  gases  generated  in  the  burning  of  charcoal,  and  forms  one  of  the 
ingredieuts  of  illuminating  gas.  The  roost  characteristic  post-mortem  appearance  is 
the  cherry-red  color  of  the  blood,  and  of  the  tissues  and  viscera  which  contain  blood. 

'  Consult  Lajiffmcn,  "Poisonous  Snakes  and  Snake  Poison."  Medical  Hecord.  Sep- 
tember 15lh,  1900;  alao  Brmcn,  "Twentieth  Century  Practice,"  vol.  xx,,  bibliography. 
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The  preBeoce  of  carbonic  acid  in  the  gas  may  obscure  tbe  bright  red  of  the  carbonic 
oxide  by  the  dark  color  which  It  induces  id  Uic  blood. 

Oftrbonic  Acid. 

The  lesions  are  esseutiallj  those  of  asphyxia,  but  the  brain  Is  said  to  be  more  fre- 
quently congealed  than  in  asphyxia  by  simple  obstruction  of  respiration, 

Cooium,  Aconita,  Iiob«lia  Inflate,  Digitalis,  Stramonium. 

These  vegetable  poisons  are  administered  in  their  natural  form  of  leaves,  berries, 
and  roots,  or  in  tinctures,  infusions,  aud  extracts,  or  Id  the  form  of  their  active  alka- 
loid principles. 

If  tbe  leaves,  berries,  or  seeds  are  given  they  may  be  detected  in  the  contents  of 
tbe  alimentary  canal  by  micFoscoptca)  examination.  Otherwise  the  results  of  autopsies 
are  not  characteristic. 

The  brain  and  its  membranes,  and  tbe  lungs,  may  be  congested.  The  etomadi  may 
present  patches  of  congestion,  inflammation,  and  extravasation,  or  its  entire  mucous 
coat  may  be  inflamed,  or  it  may  appear  normal, 

Ptomaina  and  Otlier  Putre&ctiTS  Products. 

Poisonous  substances  of  various  kinds  are  often  developed  in  the  putrefaction  of 
organic  substances,  and  certain  alkaloidal  substances  called  ptomalns  form  in  the  de- 
composition of  proteids  without  putrefaction.  Thus  in  sausages,  some  kinds  of  cheese. 
Ice-cream,  decayed  Qsh  and  mussels,  such  substances  have  caused  serious  and  even  fatal 
poisoning.  There  are  no  characteristic  post-mortem  changes  in  poisoning  by  these  sub- 
stances.   But  the  lesions  of  gastrointestinal  inflammation  or  toxiemia  may  be  present. 

These  alkaloidal  substances  may  be  of  extreme  importance  in  certain  cases  of  death 
from  obscure  causes  on  account  of  the  medico-legal  questions  which  may  arise.' 

BibUopraph7  of  Endog«noua  Foiaona. 

For  a  more  detailed  consideration  of  poisons,  their  effects,  modes  of  detection,  etc., 
consult  Tiiyfor  on  Poisons;  .^uscAjtrt's  "  Handbuch  der  gerichtllchen  Medicin,"  Bd.  ii, ; 
Woodman  and  TSdy,  "Forensic  Medicine."  Wvrmley'i  "  Micro -chemistry  of  Poisons" 
contains  a  series  of  good  plates  of  tbe  microscopical  appearance  of  various  forms  of 
crystals  of  poisonous  substances, 

iesser'i  "  Atlas  der  gerichtllchen  Medicin  "  contains  a  series  of  colored  plates  show- 
Ing  the  appearance  of  the  stomach  after  the  action  of  various  poisons.  The  work  of 
Guy  and  Ferrier  on  "Forensic  Medicine."  7th  ed.,  revised  by  Smith,  contains  in  very 
compact  and  reliable  formmuch  information  on  the  general  subjects  treated  in  the  fore- 
going section.  Leicin'a  "Lchrbuch  der  Toxicologic"  contains  many  valuable  and 
suggestive  general  considerations  on  the  action  of  poisons. 


Lesions  Induced  by  Endogenous  Poisons— Auto- 
intoxications. 

As  wfi  turu  now  from  poisons  formed  outeide  of  the  body  to  tbose 
formed  withiu  it — ^the  endogenous  jjoUotis — we  encounter  at  once  two 
classes:  I.  Those  poisons  which  arise  from  the  metabolism  of  micro- 
organisms. II.  Those  which  arise  from  the  normal  or  aberrant  metabo- 
lian  of  the  body  cells  themselves. 

'  For  chemical  aspects  of  this  subject  consult  Vaughn  in  Hamilton's  "System  of 
IiCgal  Medicine,"  vol.  i.,  n.  475,  and  i'augfm  and  A'ory,  "Cellular  Toxins";  also  Vaughn 


"Twentieth  Century  Practice,"  vol.  xiii. 
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1.  Those  which  are  formed  ia  infectious  diseases.  (See  Chapter 
Vm.,  Part  II,,  on  Infectious  Diseases. ) 

2.  Those  formed  in  the  body  without  infection. 

The  most  common  and  important  metabolic  poisons  of  this  class 
are  those  which  are  formed  in  the  gasti-o-iutestinal  caual  through  the 
action  of  micro-oi^nisms,  mostly  bacteria,  upon  the  organic  constituents 
of  the  intestinal  contents  and  secretions.  The  new  chemical  substances 
thus  formed  become  deleterious  when  absorbed  into  the  body  fluids,  and 
this  may  occur  either  when  they  are  produced  in  unusual  quantity  or 
when  their  elimination  with  the  excreta  is  interfered  with,  When  ab- 
sorbed, some  of  these  poisons  may  be  demonstrable  in  the  urine,  and  they 
may  give  rise  to  a  variety  of  symptoms  which  cannot  be  considered  here, 
but  which  are  appropriately  designated  as  marks  of  JSnteroffenie  auto-intox- 
ication. Such  are  di^.ziness,  headache,  some  forms  of  tetany,  gastro- 
enteritis, etc. 

Endogenous  poisons  analogous  in  origin  with  these  may  be  formed  in 
the  bla<lder,  in  putrid  abscesses,  or  in  necrotic  tissues  in  various  parts 
of  the  body.  Structural  lesions,  if  such  there  be,  occurring  under  these 
conditions  are  as  yet  but  little  known. 


It  is  only  within  the  past  few  years  that  the  studies  on  cell  metabo- 
lism have  led  to  the  belief  that  the  body  cells  may  not  only  under  occa- 
sional abnormal  conditions  form  poisonous  chemical  compounds,  but  that 
even  in  the  normal  processes  some  of  the  intermediary  metabolic  prod- 
ucts may  be  inimical  to  the  welfare  of  the  body,  if  they  be  not  constantly 
rendered  inert.  This  may  be  effected  either  by  excretion  or,  as  now  seems 
probable,  in  part  at  least  through  the  influence  of  what  have  been 
called  the  "internal  secretions"  of  such  glands  as  the  thyroid,  pancreas, 
adrenals,  hypophysis,  etc.,  or  possibly  in  ways  as  yet  wholly  unknown. 

Thus  there  is  a  group  of  auto-intoxications  due  to  the  accumulation  in 
the  body  of  the  products  of  normal  metatwlism  through  defects  in  the 
excretory  apparatus,  for  example,  urcemia  in  renal  iusufiBeiency  or  re- 
tention of  urine;  choliemia  in  retention  of  bile;  carbonic-acid  poisoning 
in  various  forms  and  grades  of  asphyxia.  Possibly  some  of  the  serious 
symptoms  following  extensive  burns  of  the  skin  and  occurring  in  sun- 
stroke and  eclampsia  are  of  similar  origin.  This  may  be  called  autointoxi- 
cation through  retention. 

On  the  other  hand,  there  is  a  group  of  auto-intoxicationa  which  it  ia 
assumed  may  in  part  at  least  be  due  to  a  failure  of  the  organs  concerned 

'Consult  In  coDDection  with  this  nad  tbe  follnwing  section  Herter't  "Chemical 
Pathology." 
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with  the  internal  secretions  to  furnish  the  necessary  link  in  the  chain  of 
intermediary  mebitjolic  products.  In  this  groap  may  he  placed  cachexia 
strumipriva  and  myxoedema,  pancreatic  diahetes,  Addison's  disease,  and 
possibly  some  forms  of  acute  yellow  atrophy  of  the  liver. 

While  the  nature  and  action  of  the  postulated  internal  secretions  is 
still  obscure,  there  is  much  reason  to  believe  that  they  do  indeed  exist 
and  are  of  extreme  importance  in  the  subtle  adjustments  of  individual 
cell  metabolism  to  the  welfare  of  the  organism  as  a  whole,  and  that 
when  this  adjustment  is  disturbed,  forms  of  histogenic  auto-intoxication 
may  arise.  At  any  rate  the  hypotheses  which  have  been  formed  in  the 
new  light  have  contributed  largely  to  our  understanding  of  a  series  of 
importaJit  general  diseases.  These  diseases,  whether  involving  or  not 
internal  secretions  in  accordance  with  our  present  conceptions,  may  be 
considered  as  dyscrcudc  autointoxications.' 

Whether  gout,  oxaluria,  and  some  fonns  of  simple  diabetes  should 
be  considered  as  auto-iutoxicatious  may  be  questioned.  Probably  Base- 
dow's disease  and  some  forms  of  puerperal  eclampsia  should  be  regarded 
as  involving  the  formation  and  retention  of  histogenic  poisons. 

Of  course  this  grouping  of  diverse  forms  of  disease  should  be  consid- 
ered as  only  tentative  and  suggesti;'e.  And  it  may  well  be  donbted 
whether  analt^y  may  not  t>e  often  overstrained  in  regarding  as  the 
effect  of  poisons  what  may  after  all  be  metabolic  aberrancies  of  far  more 
subtle  character  than  the  word  auto-intoxication  would  imply. 

It  should  be  borne  in  mind  that  in  but  a  very  small  proportion  of 
the  abnormal  processes  which  are  considered  auto-intoxications  have  the 
assumed  poisons  been  actually  demonstrated.  The  assumption  rests 
largely  upon  symptoms  which  are  regarded  as  analogous  with  those  in- 
cited by  known  exogenous  poisons.  It  is  wise  to  remember  also  that 
even  in  poisoning  by  well-defined  agents  whose  general  effects  have  long 
been  known  we  are  almost  totally  ignorant,  except  in  the  case  of  the  so- 
called  destructive  or  corrosive  poisons,  of  the  exact  ways  in  which  they 
act.  A  few  induce  changes  in  the  blood ;  many  appear  to  act  upon  the 
nerve  cells;  but  the  nature  of  this  action  is  still  unknown.' 

Without  insisting  upon  the  advantage  of  such  a  grouping  as  has  been 
outlined  above,  and  with  the  fall  recognition  of  its  incompleteness,  the 
more  important  of  the  so-called  "general  diseases,"  some  of  which  may 
be  regarded  as  auto-intoxications,  will  be  considered  in  the  next  chapter. 

'  For  a  discussion  of  Internal  secretionR.  wjtli  bibliograpliy.  consult  Tranaaclioos  of 
the  Congress  of  American  Pliysiciaus  anJ  Surgeons,  vol.  iv.,  1897. 

'  For  convenience  of  reference  tiie  grouping  of  poisons  briefly  Bet  fortli  above  may 
be  tabulated  hs  follows: 

I.  Exogenous  poisons Inorganic  and  organic. 

f  Endogenous  poisons  f  A-  I"J°^«'*«"«     <>»- 
11.  Endogenous      poisons  — con-  fonneil     largely    by  \   d  without  infertlnn 

r^.„X=.,L^  ^~  Endogenous  poisons  formed  under  the  influence  of 

intoxication.  ^^  ^^.  ^^^^  ,,^jy  eella— Ai^foff^nif  poi»otu—iaAoa- 

[     ing  aiito-iiitoxicaiion  in  tbc  more  limited  sense. 


Intoxication. 
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CHAPTER  XI. 

GENERAL  DKEASES. 
CACHEXIA  STSVlOPBtVA— mrxtSDEHA. 

The  thyroid  is  one  of  the  so-called  ductless  glands  which  are  believed 
to  fumish  iuternal  secretions  essential  to  normal  metabolism  in  the  body. 

Removal  or  destructive  lesions  of  this  gland,  both  in  man  and  the 
lower  animals,'  may  be  followed  by  serions  and  fatal  disease  character- 
ized as  Cachexia  sirumipriva.  In  man  the  more  common  manifestation 
of  this  disease  is  called  Mi/xcedema.  It  occurs  most  frequently  in  middle- 
aged  women. 

The  skin  of  the  face  is  apt  to  be  swollen  and  waxy,  giving  a  peculiar 
and  rather  characteristic  appearance  to  the  features.  The  skin  of  the 
body  is  apt  to  be  dry  and  rongh,  and  the  hair  may  fall  out.  Perspira- 
tion is,  aa  a  I'ule,  diminished.  The  mental  condition  is  dull,  and  loss  of 
memory  and  insanity  may  occur.  Bodily  movement  and  speech  are  apt 
to  be  impaired.  The  fat  tissues  may  be  atrophic,  and  the  subcutaneous 
tissue  has  been  shown  in  some,  though  not  all,  of  the  cases  to  contain  an 
unusual  amount  of  mucin.  In  some  cases  the  fibres  of  the  upper  layers 
of  the  corium  are  crowded  apart  by  fiuid. 

The  most  marked  and  constant  lesion  in  this  disease  is  an  atrophic 
condition  of  the  thyroid  gland.  The  parenchyma  of  the  glaud  is  more 
or  less  completely  replaced  by  fibrillar  connective  tissue  and  by  new- 
formed  reticular  tissue  resembling  the  lymphatic  tissue  of  the  lymph 
nodes.  The  general  appearauce  of  the  atrophied  thyroid  glaud  is  shown 
in  Fig.  203. 

In  addition  to  the  lesion  of  the  thyroid  there  are  apt  to  be  chronic 
endarteritis  and  chronic  diffuse  nephritis.  In  some  cases  there  are  an 
accumulation  of  small  spheroidal  cells  about  the  smaller  blood-vessels  in 
various  parts  of  the  body,  and  also  petechial  htemorrhages. 

If  the  thyroid  be  completely  removed  in  young  animals  there  is  defi- 
cient development  of  the  osseous  system,  while  in  man  the  frequent  asso- 
ciation of  cretinism  with  goitre  or  other  thyroid  lesions  indicates  in 
another  way  the  close  relationship  between  the  thyroid  and  cell  metab- 
olism.' The  nature  of  the  substances  composing  the  internal  secretions 
of  the  thyroid  is  little  understood,  but  the  wonderful  therapeutic  effects 

'  For  an  extensive  critical  and  experimental  etmiv  of  tliUmibjccl  see  Ciinnitighaai, 
"Experimental  TUyroidism,"  Jour.  Exp.  Med.,  vol.  hi,,  p.  147.  18B8,  bibliography. 

'Consult  <Mer,  "Sporadic  Cretinism  in  America,"  Trans,  of  the  Congreaa  of  Ameri- 
can PhTSiciuiB  and  Surgeons,  vol.  iv.,  p.  169.  18ST. 
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of  the  administration  of  tlie  extract  of  the  gland  in  cases  of  myxcsdema 
and  in  cretins  make  clear  their  great  importance.  Whether  directly 
toxic  substances  are  formed  iu  the  thyroid  or  not,  it  seems  proper  to  Con- 
sider the  cachexia  strumipriva  as  due  directly  or  indirectly  to  auto-intox- 
ication. 

EXOFHTHALMIO  OOITRE.    (Baaedow'a  Diaeaoe,  Oravea'  Diaease.) 

The  characteristic  lesions  of  this  disease  are  unilateral  or  bilateral 
enlargement,  lai^ely  hypeneraic,  of  the  thyroid  gland  and  protrusion  of 
the  eyeballs— exophthalmos.  These  lesions  are  apt  to  be  associated  with 
functional  disturbance  of  the  heart. '  There  is  reason  to  believe  that  this 
condition  may  be  due  to  hypersecretion  of  the  thyroid  gland,  and  that 
its  functional  chara«teristics  may  be  properly  regarded  as  indications  of 
au  auto-intoxication. 

ADDISON'S  DISEASE. 

This  name  is  applied  to  a  disease  especially  characterized  morpholog- 
ically by  a  peculiar  pigmentation  of  the  skin  and  by  certain  changes, 
morphological  or  fnuctioual,  in  the  adrenals.  The  patients  suffer  from 
cerebral  symptoms,  great  prostration,  syncope,  and  derangements  of  the 
functions  of  the  stomach  and  intestines. 

The  pigmentation  of  the  skin  is  the  symptom  whith  has  especially  at- 
tracted attention.  The  change  in  color  tisiially  begins  and  becomes  most 
marked  in  thoae  parts  of  the  skin  which  are  not  covered  by  the  clothing 
or  are  naturally  of  darker  color.  The  rest  of  the  skin  afterward  changes 
color,  but  not  uniformly,  white  patches  being  left.  The  color  is  at  first 
a  light  yellow  or  brown ;  this  becomes  darker  until  it  is  of  a  dark  green- 
ish, grayish,  or  blackish-brown.  The  mucous  membrane  of  the  tongue, 
lips,  and  gums  may  be  similarly  pigmented. 

Under  the  name  of  Addison's  disease  different  observers  have  de- 
scribed ca-ses  in  which  the  symptoms  and  bronzed  skin  existed  without 
disease  of  the  adrenals;  cases  in  which  the  bronzed  skin  was  the  only 
lesion ;  and  cases  iu  which  the  adrenals  were  diseased  without  symptoms 
or  bronzed  skin. 

The  Skin, — Tlie  discoloration  of  the  skin  is dne  to  deposit  of  yellowish- 
brown  pigment  in  the  deeper  layers  of  the  epidermis,  especially  in  the 
layer  covering  the  papillie,  and  less  constantly  in  the  connective  tissue 
of  the  cutis. 

Th«  Bndn.  —  Pigmentation  of  the  gray  matter,  acute  meningitis, 
chronic  meningitis,  and  distention  of  the  ventricles  with  serum  have  been 
observed. 

The  Sympathetic  Herves,  especially  those  which  are  in  contact  with  the 
adrenals,  may  show  a  variety  of  changes  apparently  dne  to  chronic  in- 

■  On  tbe  relatloushlp  lietweou  tlie  tbyroid  and  Basedon-'s  disease,  consult  Eitlenberg, 
Deutsche  med.  Wochenach..  October  4tli.  1894:  also  Bdinniidi.  Jour,  of  Pathology  and 
Bacteriology,  vol.  iii,.  p,  4M8,  1896;  Fnrtifr.  Vircliow'a  Archiv.  Bd,  cxllii,.  p.  509,  1896, 
lilbliograpliy. 
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flammation.  Various  chaogea  in  the  nerve  cells  of  tlie  semilunar  ganglia 
have  been  described. 

There  may  be  fatty  degeneration  of  the  heart  muscle  and  hyperplasia 
of  the  intestinal  lympb-nodules  and  spleen. 

The  AdrsnalB. — The  most  common  lesion  of  these  bodies  is  a  tubercu- 
lous inflammation,  and  this  or  some  other  lesion  has  been  found  in  nearly 
one-half  of  the  cases.  On  the  other  hand,  it  should  be  remembered  that 
similar  lesions  of  the  adrenals  often  occur  without  other  indications  of 
Addison's  disease.  Tuberculous  adrenals  may  be  large,  hard,  and  nodu- 
lar; less  frequently  of  normal  size  or  smaller  than  normal.  On  section 
they  may  contain  cheesy  masses  surrounded  by  zones  of  gray,  semitrans- 
luceut  tissue.  Later  the  cheesy  masses  may  become  calcified  or  they  may 
soften  and  break  down.  The  grayish  zones  are  composed  of  tubercle 
tissue  or  denser  connective  tissue.' 

Other  cases  have  been  described  in  which  the  adrenals  were  the  seat 
of  carcinoma  or  of  fatty  or  waxy  degeneration.  But  these  lesions,  espe- 
cially carciuoma  of  the  adrenals,  may  occur  without  the  manifestations 
of  Addison's  disease.  The  adrenals  in  some  cases  appear  normal  or  they 
may  be  atrophied. 

On  the  whole  the  clinical,  morphological,  and  experimental  data  now 
available  seem  to  point  to  lesions  of  both  the  sympathetic  system  and 
the  adrenals  as  of  probable  significance  in  determiuiug  this  disease. 

The  hypothesis  which  is  most  in  favor  at  present  a.ssumcs  that  the 
adrenals  furnish  an  internal  secretion  without  which  normal  metabolism 
cannot  be  efiected,  and  that  lesions  of  the  adrenals  or  of  the  sympathetic 
ganglia  and  vessels  about  them,  by  altering  or  diminishing  this  secretion, 
may  lead  to  the  fnnctional  and  structural  changes  characteriziug  the 
disease.  The  propriety  of  considering  Addison's  disease  as  an  exaniple 
of  auto-intoxication  can  hardly  be  decided  in  the  light  of  the  faets  yet  at 
our  command.  It  is  clear,  however,  that  the  adrenals  contain  very  pow- 
ei-f  ul  chemical  substances  which  have  a  marked  effect  upon  certain  tissues 
of  the  body.' 

DIABEIB8  HELLITUS. 

This  disease  involves  such  defects  in  nutrition  as  lead  to  an  abnormal 
accumulation  of  sugar  in  the  blood  and  its  discharge  by  the  urine  (glyco- 
suria), which  is  increased  in  amount. 

.i.  great  variety  of  lesions  have  been  found  in  the  body  after  death 
from  diabetes,  but  few  of  them  appear  to  be  of  well-defined  significance 
in  this  special  relationship.  The  general  condition  of  malnutrition  and 
debility,  so  often  marked  in  this  disease,  renders  diabetics  es)>ecially 

'  For  a  study  of  experimental  tuberculosis  of  the  adrcDHla  and  its  relations  to  Addi- 
son's Disease,  see  Verchi,  Centralbl.  f.  Patli.,  July  15lli,  1901. 

"  For  a  summary  of  observatious  on  tlic  effects  of  removal  of  suprarenal  body  and 
tbe  nature  of  its  "active  principle,"  consult  Abel.  "Vauglmn  Anniversary  Contribu- 
tioDS  to  Medical  Research,"  1003,  p.  139;  hibl. 


Digitized  by  Google 


364  GENERAL  DISEASES. 

vulnerable  to  slight  iujories  or  iitfectiODS;  gangrene,  for  example,  is 
liable  to  occur  either  with  or  without  marked  injury  in  cases  of  diabetes. ' 

The  Brain  may  appear  to  be  entirely  normal ;  it  may  be  congested; 
there  may  be  an  increase  of  serum ;  the  convolutions  may  be  shrunken ; 
there  may  be  meningitis;  there  may  be  dilatation  of  the  blood-vessels, 
small  cstravasatioiis  of  blood  around  the  vessels,  enlargement  of  the  peri- 
vascular spaces,  and  alterations  in  the  perivascular  sheaths  and  nerve  tis- 
sue bounding  the  cavities ;  there  may  be  tumors  at  the  base  of  the  brain. 

The  Spinal  Cord  may  present  dilatation  of  the  blood-vessels ;  dilatation 
of  the  central  canal ;  changes  in  the  gray  matter  of  the  anterior  cornna. 
Marks  of  multiple  neuritis  and  lesions  of  the  sympathetic  ganglia  may 
be  present. 

The  Longs. — There  may  be  the  lesions  of  pleurisy,  bronchitis,  broncho- 
pneumonia, lobar  pneumonia,  gangrene,  tuberculosis. 

The  Heart  may  be  small  or  hypertrophied ;  there  may  be  chronic 
endocarditis. 

The  Stomach  and  Intettinei. — The  stomach  may  be  dilated,  its  walls 
may  be  thickened,  there  may  be  heemorrhagic  erosions  of  the  mucous 
membrane.     In  the  intestines  theremaybe  tnberculousulcersorenteritis. 

The  Liver  may  be  cirrhotic  or  fatty,  or  glycogenic  infiltration  may 
occur. 

The  Kidneys  may  be  enlarged ;  they  may  be  the  seat  of  albuminous 
degeneration  or  diffuse  nephritis;  there  may  be  glycc^enic  infiltration 
of  the  epithelium  of  Henle's  loops. 

The  Blood. — In  a  few  eases  fat  has  been  found  in  the  blood,  and  fat 
emboli  in  the  vessels  of  the  lungs. 

The  Pancreas. — In  a  considerable  proportion  of  cases  the  examination 
of  the  pancreas  reveals  some  lesion,  usually  atrophy  of  the  parenchyma, 
often  with  increase  of  the  interstitial  tissue.  Hyaline  degeneration  and 
interstitial  inflammation  involving  the  islands  of  Langerhans  are  appar- 
ently of  much  aignifieauee, *  P^ty  degeneration,  tumors,  and  cjsts  have 
been  found.  Extirpation  of  the  pancreas  iu  man  or  dogs  may  lead  to 
diabetes.  While  diabetes  may  occur  without  demonstrable  lesions  of  the 
pancreas,  it  is  fair  to  assume  that  functional  lesions  of  grave  importance 
may  nevertheless  be  present. 

Diabetes  mellitiis  may  be  associated  with  b^machromatosis  and  cirrho- 
sis of  the  liver — so-called  "bronzed  diabetes.'" 

Under  the  influence  of  the  doctrine  of  internal  secretions  it  is  now 
commonly  assumed  that  the  pancreas  in  addition  to  its  intestinal  seere- 
tion  furnishes  other  substances  to  the  body  which  are  essential  in  the 
metabolic  changes  to  which  the  carbohydrates  and  proteids  must  be  sub- 
jected in  securing  normal  nutrition.  Interference  with  this  internal  se- 
cretion of  the  pancreas  is  thus  assumed  to  be  accountable  for  the  faulty- 
metabolism.' 

'  For  bibliography  of  diabetic  guDgrene  codbuU  Darii.  Jour.  Am.  Med.  Aasri.,  July 
16tb,  1898. 

*  For  tiie  retatioDsliip  of  <liabet«a  to  lesions  of  llie  pancreas  and  parlJculttrly  to  lealoDS 
of  tbe  islands  of  Langerliana,  see  Opie,  "  Disease  of  tlic  Panci'eas,"  1903. 

'See  Opie,  loc.  «*(.,  p.  281. 

'Oilier  forms  of  glycosuria  arc  known  wblcb  are  lo  be  otherwise  accounted  for. 
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The  characteristic  lesion  of  gout  is  the  presence  of  an  abnormal 
amount  of  uric  acid  in  the  blood  and  the  deposit  of  urate  of  sodium  in 
the  articular  cartilages,  the  ligaments  of  the  joints,  the  ears,  and  the 
syelids.  Inflammatory  changes  may  be  associated  with  the  deposits  in 
the  joints. 

The  most  frequent  situation  of  the  goaty  deposit  is  the  metatarso- 
phalangeal joint  of  the  great  toe.  The  cartilage  may  be  infiltrated  or 
encrusted  with  the  deposit.  These  masses  of  urates,  often  called  "chalk- 
stones,"  may  appear  upon  the  surface  by  the  ulceration  of  the  skin. 

A  very  important  feature  of  gout  is  that  patients  with  the  gouty  di- 
athesis are  especially  liable  to  deraugemeuts  of  digestion  and  to  certain 
chrouic  iuflammatious,  such  as  chronic  inflammation  of  the  arteries,  the 
bronchi,  and  the  kidneys.  Cardiac  hypertrophy  may  be  associated  with 
the  arterio-sclerosis.  The  interstitial  tissue,  especially  in  the  pyramids 
of  the  kidney,  may  be  infiltrated  with  the  urates. 

It  is  not  yet  clear  whether  the  accumulations  of  uric  acid  in  the  body 
in  gout  is  due  to  faulty  elimination  or  to  local  alterations  which  favor  its 
deposition.  Nor  is  the  relationship  plain  of  local  inflammatory  processes 
to  the  gouty  deposits. 

BtrHSXSOKB.    <IiiBolatioii ;  Heat  Exh&uation.) 

Persons  exposed  while  at  work  or  when  exhausted  to  the  sun  or  to 
high  temperatures  are  liable,  especially  if  of  intemperate  habits,  to  sud- 
den prostration,  ofteu  associated  with  cardiac  failure,  asphyxia,  couvul- 
'sions,  and  coma.     Death  in  many  cases  soon  ensues. 

After  death,  decomposition  sets  in  early  and  progresses  rapidly.  The 
blood  usually  remains  fluid, 

The  brain  and  its  membranes  are  in  some  cases  congested,  in  others 
not.  There  may  be  an  increased  amount  of  serum  beueath  the  pia  nmter, 
or  small  and  thin  extravasations  of  blood  beueath  the  pia  mater  and  be- 
tween the  pia  and  dura  mater.  Chromatolysis  of  the  ganglion  cells  has 
been  described  by  Van  Gieson'  and  others.  The  thoracic  and  abdominal 
viscera  may  be  congested ;  albuminous  degeneration  may  be  evident  in 
the  liver  and  kidneys. 

In  the  cases  in  which  cerebral  symptoms  are  protracted  for  a  number 
of  days  the  lesions  of  meningitis  have  been  found  after  death. 

According  to  Cramer,'  persons  surviving  for  some  time  the  first  severe 
efi'ects  of  the  heat  may  sufi'er  important  alterations  in  certain  nerve  fibres 
of  the  brain. 

They  may  be  aBsoclated  with  lesions  of  the  nervous  system  or  Induced  by  the  action  of 

certain  poisons,  phloridzln -diabetes  for  example,  or  may  occur  uuder  other  conditions. 

'  Van  Qitaon,  "Toxic  Basis  of  Keuml  DlseaseB,"  N,  Y.  Slate  Hospitals  Bulletin. 
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SOORBUTITS.    (Scurry.) 

This  disease  appears  to  result  from  imperfect  Qutritlon  under  condi- 
tions which  cauDot  be  considered  in  detail  here,  but  which  is  usually  at- 
tributed to  insufficient  or  inappropriate  diet.  The  lesions  are  variable, 
the  most  prominent  being  aniemia;  estravasatiou  of  blood  in  the  skin, 
suhcntaneous  tissue  and  muscles;  swelliug  and  ulceration  and  bleeding 
of  the  gums.  Small  and  sometimes  extensi\e  hEemorrhages  are  apt  to 
occur  in  the  mucous  membranes  and  on  serous  surtaces.  Small  ulcers 
may  form  in  the  mucous  membranes.  Fatty  degeneraton  of  the  heart, 
liver,  and  kidneys  is  not  uncommon.  The  spleen  may  be  large  and  soft. 
No  constant  characteristic  changes  ha\'e  been  discovered,  either  in  the 
blood-vessels  or  the  blood,  which  would  sati-sfactorily  account  for  the  ex- 
travasations and  other  let^ions. 

The  body  is  apt  to  decompose  early.  The  sltin  may  be  mottled  with 
small  and  lai^  purple,  blue,  brown,  or  blackish  spot.s  produced  by  de- 
generative changes  in  the  extravasated  blood  in  the  cutis.  Sometimes 
ulcers  are  produced  by  the  perforation  of  effnsed  blood  on  to  the  surface. 
The  joints  may  be  inflamed,  may  contain  serum  or  blood.  Barely  the 
hiemorrh ages  are  followed  by  destrnction  of  the  cartilages  and  ends  of 
the  bones.  Very  rarely  there  is  hiemorrhage  between  the  periosteum 
and  bone,  and  in  the  bone  it.self,  producing  softening  and  destrnction  of 
the  bone,  and  separation  of  the  epiphyses.  The  sternal  ends  of  the  ribs 
are  the  most  frequent  seat  of  this  change.  Albuminous  degeneration  of 
the  heart,  liver,  or  kidneys,  and  enlargement  of  the  spleen,  are  common. 

Infiintile  Scorbntm. — Infants  (under  two  years)  may  develop  similar 
ansemia  and  tendency  to  btemorrhages.  The  most  common  location  of 
the  heemorrhages  is  beneath  the  periosteum  of  the  bones  of  the  lower 
extremities,  especially  of  the  femom,  with  separation  of  the  lower  epiphy- 
ses. There  may  be  hsemorrhages  in  the  skin  and  subcutaneons  tissues, 
the  eyelid-s,  and  orbit,  and  in  the  internal  organs.  Hiemorrhagic  inflam- 
mation and  ulceration  of  the  gums  are  usually  limited  to  iufants  having 
teeth  and  to  portions  of  the  jaw  in  which  teeth  are  apparent  or  just 
about  to  come  into  view.' 

That  some  forms  or  phases  of  scorbutus  are  of  infectious  nature  is 
not  improbable,  but  definite  data  in  this  direction  are  wanting. 

AOItOKEOAI.IA. 

This  rare  disease  is  especially  marked  by  an  overgrowth  of  the  ter- 
minal portions  of  the  extremities  and  of  the  bones  of  the  face.'     But 

'  For  a  study  of  scorbutus  in  tDfants,  "Barlow's  Diaeaee."  which  v/aa  flrst  recog- 
nized in  the  L'nitcri  Stnlts  by  Northrup,  consult  XoHbrtip  niid  Crandall,  New  York 
Med.  Jour.,  Muy  2«th,  1B»4. 

See  also  Tlie  American  Pediatric  Society's  Collective  Investigation  on  Infautile 
Scurvy  in  North  America.  Trans.  Anier.  Fed.  Soc.,  vol.  x.,  1888,  p,  S. 

For  a  study  of  liiHtMlogical  changes  coasujt  Jacottthal,  Ziegler's  Beltr.  z.  path. 
Anal..  Bd.  xxvii..  p.  178.  1900, 

'Several  cases  have  been  described  in  which  there  was  eatargcnieDt  of  tlie  liandi 
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there  may  be  a  general  involvemeut  of  the  skeleton.  This  excessive 
gronth  is  in  the  diameter  rather  than  in  the  length  of  the  bones,  and  is 
accompanied  by  local  exostoses.  Equally  important  and  common  is  a 
general  hyperplasia  of  the  connective  tissue  of  the  body.  Various  lesions 
of  the  thyroid  have  been  described,  but  they  are  not  constant.  Tlte  thy- 
mus maybe  persistent;  there  maybe  fibrous-tissue  formation  in  the  walls 
of  the  vessels  and  in  the  sympathetic  ganglia.  The  skin  is  oft«n  pig- 
mented. Many  visceral  lesions  have  been  described.  The  most  con- 
stant lesion  which  appears  to  bear  upon  the  etiology  of  acromegalia  is 
that  of  the  pituitary.  This  in  many  cases  has  been  found  to  be  the  seat 
of  lesions,  most  frequently  an  hyperplasia  or  adenomatous  growth  in  the 
prehypophysis.  \Miile  sarcoma  of  the  pituitary  has  been  described  in 
acromegaly,  it  seems  not  unlikely  that  hyperplasia  has,  in  most  cases  at 
lea.st,  been  mistaken  for  this  tumor.  It  is  believed  that  the  hyperplastic 
hypophysis  is  in  some  way  concerned  in  inducing  the  nutritional  abnor- 
malities' leading  to  the  general  overgrowth  of  connective  tissue  and 
bone." 

PUBFUBA.    (Purpura  Haamoirhaeica.) 

This  name  is  applied  to  a  variety  of  conditions  in  which  extravasa- 
tions of  blood  are  present  in  the  skin  or  the  mucous  and  serous  mem- 
branes. 

Haemorrhages,  particularly  from  the  mucous  membranes,  may  be 
severe  and  even  fatal.  This  condition  is  often  called  purpura  fatemor- 
rhagicii. 

The  eechymoses  characteristic  of  purpura  may  occur  as  a  result  of 
poisoning  with  certain  drugs,  and  with  sniike  venom ;  in  various  cachectic 
conditions;  in  diseases  of  the  nervous  system ;  in  rheumatism ;  in  gastro- 
intestinal disorders,  especially  of  children.  The  local  eechymoses  in 
pyiemia  are  sometimes  classed  as  a  form  of  purpura,  and  in  these  bac- 
teria, especially  the  pyogenic  forms,  may  be  demonstrable.' 

LTKPHATIO    OONSIITnTIOH.    iConetitutio  L}nnpliatic& ;  Statu* 
Lymphaticus . ) 

Attention  has  been  recently  called  to  a  series  of  cases,  especially  in 
the  young  and  in  connection  with  sudden  death,  in  which  there  was  gen- 
eral hyperplasia  of  the  lymph-uodes,  spleen,  and  thymus,  with  hypo- 
plasia of  the  heart  and  aorta,  and  often  with  rickets. 

and  feet  aud  lower  ends  of  tlic  long  bones,  without  involvement  of  the  boneH  of  the 
face.  While  ttila  cofiditioii  may  follow  syphilitic  infcctioD.  its  frequent  association  with 
pulmonary  lesions  has  led  to  the  designation  hypertrophic  pulmonary  nrtliropathy.  See 
study  and  bil)l.  by  Tit.  Janeieay,  Am.  Jour.  Med.  8cl.,  vol.  c.txvi.,  1903,  p.  j«8. 

'Successful  extirpation  of  the  hypophysis  in  animals  bv  Frietlemann  and  Maa^,  re- 
cently made,  did  not  lead  to  acromegaly.  See  Berliner  kiln.  Wochenschr.,  December 
24lh,  1900. 

'For  an  excellent  resume  of  acromegalia,  with  cases  and  bibliography,  see  Brooks. 
"Archives  of  Neurology  and  PsychoiMHioIogy,  vol.  1,,  p.  485,  18B8. 

^For  a  more  detailed  consideration  in  the  light  of  recent  studies  of  cases  often 
grouped  under  the  name  " Hiemorrhagic  Infections."  consult  lionl,  Lubarsch  and  Oster- 
tag's  "Ergebnisse  der  allg.  Aetiologie,"  Jahrg.  i.,  Ab.  1,  p.  T93,  bfblloemphy. 
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EypopUi»ia  of  the  heart  and  aorta  is  appareotly  a  congenital  defect,  and 
Thile  not  limited  to  well-defined  cases  of  lymphatic  constitution,  appears 
in  this  connection  and  vheu  occurring  alone  to  mark  a  noteworthy  lack 
of  resistance  on  the  part  of  the  organism  to  various  forms  of  injury,  in- 
fection, etc. 

Lymph-Nodes  and  Nodules. — The  pharyngeal,  thoracic,  and  abdominal 
lymph-uodes  are  most  frequently  involved  in  hyperplasia,  the  new  cells 


r  Lyuproed  TiasL'E  or  the  Intestinr  in  the  Status  Lvupiiaticvb. 

often  infiltrating  the  surrounding  tissue.  There  may  l>e  hypei-plasia  of 
the  tonsils,  of  the  cervical,  mediastinal,  axillaiy,  and  abdominal  lymph- 
nodes,  as  well  as  of  the  lymphatic  tissue  of  the  gastro- intestinal  canal 
(Fig.  202). 

The  thymus  may  be  congested  and  large  and  soft  from  hyperplasia. 
It  sometimes  evidently  exerts  such  pressure  on  the  adjacent  bronchi  and 
large  vessels  as  to  lead  to  death. 

The  spleen  may  be  moderately  enlarged  from  hyperplasia,  especially 
of  the  lymphoid  tissue  of  the  Malpighian  bodies,  and  it  may  be  con- 
gested.' 
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SPEOIAL  FATHOLOOT. 
Oeueral  ConBideratioiis. 

We  have  nov  completed  the  stady  of  those  fundamental  processes 
and  structural  alterations  which  are  embraced  in  general  pathology. 
These  have  been  consideredwithout  reference  to  special  regions  or  organs 
of  the  body.  We  now  enter  upon  the  study  of  these  pathological  proc- 
esses and  their  associated  lesions  as  they  are  modified  by  the  special  con- 
ditions and  characteristic  structure  of  one  and  anotber  of  the  tissues  or 
oi^ns  or  regions  of  the  body.  It  is  clear  that  both  the  disease  processes 
and  the  structural  alterations  with  which  these  are  associated  may  be 
modified  by  the  functional  and  structural  peculiarities  of  the  affected 
organ.  Thus  while  degeneration,  regeneration,  inflammation,  etc.,  may 
be  fundamentally  similar,for  example,  in  liver,  kidney,  and  nerve,  they 
may  present  sufftcient  variation  in  one  or  another  of  these  parts  to  re- 
quire a  separate  consideration  and  even  a  special  nomenclature.  We 
shall  have  occasion  to  call  attention  now  and  then  to  those  functional 
and  structural  characteristics  of  the  organs  which  often  throw  much  light 
upon  their  mode  of  response  to  Hie  various  excitants  of  disease. 

It  is  well,  on  the  other  hand,  to  remember  that  there  are  in  all  the 
organs  and  iu  most  parts  of  the  body  certain  elementary  structures,  such 
as  connective  tissue,  blood-  and  lymph-vessels,  and  nerves,  whose  lesions 
are  quite  similar  wherever  they  may  be.  So  that  many  forms  of  lesion 
involving  these  structures,  while  of  varying  significance  to  the  organism, 
differ  in  the  various  parts  of  the  body  chiefly  in  distribution  or  topo- 
graphy. 
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CHAPTER  I. 

THE    BLOOD    AND    THE    BLOOD-FOBMINO    ORGANS.' 

Changes  in  the  Composition  and  Structure  of 
the  Blood. 

The  Coagulability  of  the  Blood  and  the  cbaractei-a  of  the  resulting 
clot  vary  widely,  depeiidiug  partly  upon  the  composition  of  the  blood  aud 
partly  upon  the  conditions  under  which  the  coagulation  occurs.  There 
may  be  very  little  coagulation  of  the  blood  in  death  from  suffocation,  or 
from  conditions  which  interfere  with  the  aeration  of  the  blood  and  per- 
mit the  accumulation  of  carbonic  acid  within  it.  Thus,  in  death  from 
strangulation  or  drowning,  many  chronic  diseases,  scurvy,  and  under 
many  conditions  which  we  do  not  understand,  the  blood  may  remain 
fluid,  or  nearly  so,  after  death.  On  theother  band,  in  a  variety  of  in- 
fectious diseases,  such  as  rheumatism,  pneumonia,  etc.,  very  voluminous 
clots  may  be  formed,  although  this  is  by  no  means  constantly  the  case. 
The  fact  that  large  clots  form  after  death  is  not  couclnsive  evidence  that 
an  undue  amount  of  flbrin-forming  elements  was  present  in  the  blood, 
nor  does  the  absence  of  marked  coagulation  prove  a  diminution  in  the 
blood  of  flbrin-forming  elements. 

The  composition  of  the  clot  varies  with  the  rapidity  of  its  formation 
and  with  the  specific  gravity  of  the  plasma.  Clots  very  rapidly  formed 
in  plasma  of  high  specific  gravity,  or  in  still  slowly  circulating  blood, 
are  apt  to  be  dark  red,  from  admixture  of  red  cells  and  fibrin.  After 
complete  failure  of  circulation,  especially  in  plasma  of  low  specific  grav- 
ity, the  red  cells  tend  to  settle  to  dependent  vessels.  Yellowish  white 
succulent  clots  then  form  in  the  clear  supernatant  plasma,  while  soft 
black  clots  result  from  the  excess  of  red  cells  collected  in  the  dependent 
vessels.  From  a  clinical  poiut  of  view  it  is  important  to  note  that  in 
jaundice  the  coagulability  of  the  blood  is  greatly  reduced. 

The  Alkalinity  of  the  Blood. ^This  varies  in  health  and  to  a  greater 
extent  in  disease,  this  variation  being  parallel  with  the  fluctuations  in  con- 
centration and  albumen  content.  Diminution  In  the  alkalinity  of  the 
blood  is  seen  in  severe  aniemia  and  in  dial>etes.  Increase  has  been  uoted 
in  catarrhal  jaundice.  In  fever  the  variations  are  marked ;  they  may 
be  above  or  below  normal,  hut  a  constant  change  has  not  been  ot)served. 

Anbydnomia — the  condition  in  which  the  blood  contains  an  excessive 
proportion  of  albumen,  cells,  and  othei'  solid  elements— occurs  in  dis- 
eases associated  with  excessive  serous  discharges  from  the  intestines.  It 
is  extreme  in  some  cases  of  cholera,  aud  has  been  noted  in  a  lesser  degree 
in  other  infectious  diseases,  as  pneumonia  and  diphtheria. 

n  tbis  chapter  can  be  found  in  Eteing,  "Clinicftl 
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Eydramia  is  that  coDditioD  in  which  the  blood  contains  a  large  amount 
of  water  in  proportion  to  the  solid  ingredients.  It  occurs  in  a  variety 
of  diseases  of  the  heart,  lungB,  liver,  and  kidneys,  and  characterizes  all 
forms  of  aniemia. 

Henu^lo1)iiuenu&. — Owing  to  the  destruction  of  red  hlood  cells  in  some 
forms  of  poisoning,  burning,  etc,  the  blood  plasma  may  coutain  free 
heemoglobiu,  by  which  it  is  discolored  (heemoglobintemia),  or  it  may  be 
stained  from  the  absorption  of  bile  pigment. 

The  blood  may  be  actually  increased  in  volume  (plethora),  either  by 
an  increase  in  fluids  or  in  cells,  or  by  simultaneous  and  proportionate 
increase  of  both  fluid  aud  cellular  elements. 

Ansmia.— In  general,  amentia  means  a  diminished  quantity  of  blood 
or  of  red  blood  cells  in  the  vessels  of  the  whole  or  any  part  of  the  body. 
With  one  exception — mild  chlorosis— it  is  invariably  characterized  by  a 
reduction  in  number  aud  change  in  form  of  the  red  cells  (oligocythsemia), 
and  by  diminished  alkalinity  and  coagulability.  It  is  always  associated 
wi^^AiiuctiOD  in  specific  gravity,  hiemoglobin,  and  in  solid  elements 
^^^^^H|  aud  an  iucreased  tendency  toward  osmosis  are  equally  con- 
fl^^^^Les  of  this  condition.  The  albumens  remaining  in  the  serum 
afte^Pl^lation  are  very  slightly  diminished  in  anaemia. 

Generally  speaking,  aniemia  is  produced  by  excessive  hBematolysis, 
or  by  defective  htematogenesis,  or  by  actual  loss  of  blood,  in  bulk  (htem- 
orrhage),  or  in  its  fluid  ingredients  (transudation). 

Ansemia  may  be  secondary  to  luemorrhage,  to  exudative  processes,  to 
prolonged  malnutrition,  to  chronic  organic  diseases  of  many  kinds,  to 
the  action  of  poisons,  to  congenital  hypoplasia  of  heart  and  arteries,  to 
functional  disturbances  of  an  unknown  nature  in  the  blood-formiug 
organ^^'and  to  wholly  unknown  causes.  Simple  atrophic  changes  in 
many  tissues,  hypertrophy  of  the  red  marrow,  lymph-nodes,  spleen,  liver, 
and  thymus,  fatty  degeneration  of  the  liver,  kidneys,  heart,  aud  blood- 
vessels, with  capillary  hiemorrhages  and  transudatious,  are  frequent  ac- 
companiments of  severe  a 


ALTEBATIONS  IN  TBE  BED  BIAOB  CELLS. 

These  may  be  diminished  in  number  and  may  undergo  various 
changes  in  shape  and  size  aud  structure. 

Alteration  in  Number  of  the  Eed  Blood  Cells. 

OligooTtheemia  is  that  condition  of  the  blood  in  which  the  number  of 
the  red  cells  is  reduced.  This  reduction  iu  number  may  be  temporary, 
as  after  haemorrhage,  or  it  may  be  persistent,  as  in  some  forma  of  ante- 
mia.  The  number  of  red  blood  cells  may  in  extreme  cases  of  anipmia  be 
reduced  to  one-tenth  of  the  normal,  or  even  less ;  that  is,  from  the  nor- 
mal number,  which  is  between  four  aud  five  million,  there  may  be  a  re- 
duction to  half  a  million  or  less. 
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A  persisteDt  diminution  iu  tlie  number  of  red  cells  may  be  effected 
either  by  increased  destruction  (kwmatolysis)  or  by  defective  formation 
QuBmatogenesis)  of  these  elemeatB,  but  tlie  relation  of  the  two  factors  in 
the  production  of  the  chronic  anaemias  is  as  yet  imperfectly  determined. 

Excessive  h^matolysib  occurs  after  bums,  is  the  result  of 
poisoning  by  arsenic,  phosphorus,  and  chlorates,  pbenylhydrazin, 
nitrobenzol,  acetanilid,  etc.,  and  may  occur  iu  iufectious  diseases 
through  the  action  of  bacterial  toxins.  All  st^es  of  a  peculiar  de- 
struction of  red  blood  cells  may  readily  be  followed  in  the  blood  in 
malaria.  In  chronic  infections  diseases,  proloi^ed  suppuration,  and  iu 
the  cachexia  att«nding  malignant  new  growths,  destruction  of  red  cells 
is  probably  effected,  iu  part,  by  toxic  agents  circulating  in  the  blood. 
In  pernicious  amrania  the  condition  of  the  blood  may,  with  considerable 
certainty,  be  referred  largely  to  a  destruction  of  red  cells  by  some  un- 
identified toxic  material  in  the  blood. 

In  the  process  of  destruction  of  the  red  cells,  especially  if  rapid, 
heemoglobin  may  be  separated  from  the  cells,  dissolved  in  the  plasma 
(htemoglobiniemia),  and  may  then  be  excreted  unchanged  iu  the  urine 
(htemoglobinnria). 

The  gradual  and  more  common  form  of  deatructiou  of  red  cells  is 
attended  with  an  alteration  of  the  hsemoglobin,  effected  chiefly  in  the 
liver,  and  with  its  deposit  in  the  endothelial  and  glandular  cells  of  vari- 
ous organs,  especially  in  the  liver,  spleen,  kidneys,  bone  marrow,  and 
secondarily  in  any  of  the  tissues. 

A  part  of  the  altered  htemoglobin  is  to  be  found  in  the  form  of  pig- 
ment granules,  or  as  a  difiuse  deposit,  in  the  cells  of  the  above-named 
organs,  where  its  content  of  iron  may  or  may  not  be  demonstrable  by 
microchemical  tests  (hamiosiderin).  Another  product  of  the  htemoglo- 
bin,  not  containing  irou,  may  be  found  in  the  same  situations,  in  the 
forms  of  granules  or  crj'stals  (fKematmdin).  Finally,  the  derivatives  of 
beemoglobin  are  excreted  lai^ly  in  the  form  of  normal  or  pathological 
urinary  pigment.  The  remaining  fragments  aud  stroma  of  the  red  cells 
are  soon  removed  from  the  circulation  largely  by  leucocytes,  aud  partly 
by  endothelial  cells  and  giant  cells,  in  the  liver,  spleen,  and  marrow. 

Defective  h-ematogenesis  must  l)e  regarded  as  a  cause  of  such  an- 
ffiinias  as  are  associated  with  pathological  changes  in  the  bone  marrow 
(pernicious  anaemia),  aud  iu  the  lymph-nodes,  spleen,  and  liver  (leukfe- 
mia).  This  too  is  probably  the  chief  cause  of  the  ausemia  following 
prolonged  malnutrition  (secondary  antemia).  The  pathological  changes 
in  the  blood-producing  oi^aus  may  sometimes  arise  as  primary  diseases 
of  these  organs,  or  similar  changes  may  be  secondary  to  excessive  de- 
mands for  the  regeneration  of  the  blood.  In  mild  grades  of  ancemia  the 
regeneration  of  the  blood  is  attended  with  an  hyperplasia  of  the  red 
marrow,  which  replaces  the  yellow  marrow  of  the  long  bones.  The  chief 
defect  in  the  production  of  red  cells  may  then  be  a  deficiency  in  hiemo- 
globin  (chlorosis).     In  se\'ere  aud  prolonged  anaemia,  under  the  influ- 


D.g.tized  by  Google 


THE   BLOOD   AND   THE   BLOOD- FOBMING  OKGANB.  375 

ence  of  toxic  agents  in  the  blood,  the  reproduction  of  cells  may  be  in- 
sufficient,  and  these  new  cells  may  be  more  susceptible  to  tbe  action  of 
the  toxic  agent,  which  is  itself  the  cause  of  tbeir  structnral  defects.  In 
such  cases  the  normoblasts  of  the  marrow  may  be  produced  in  very 
lai^  numbei-s  aud  form  red  cells  of  nonnal  or  slightly  diminished  size, 
or  they  may  be  replaced  by  very  large  nucleated  red  cells  (megaloblaas) ; 
from  these  are  developed  very  large  red  cells  which  are  comparatively 
incapable  of  the  functions  of  the  normal  cell.  The  megaloblastic  form 
of  regeneration  is  confined  to  the  antemia  of  a.  pernicious  type,  with  the 
exception  of  the  parasitic  ansemias  due  to  the  Anchylostoma  and  Bothrio- 
ceplmlus. 

Alterationb  in  Morphology  of  the  Red  Blood  CELLa 

In  mUd  forms  of  anosmia,  the  red  cells  are  deficient  in  hemoglobin,  the 
blood  may  be  pale  or  waterj'  in  appearance,  and  the  cells  appear  iu  the 
fresh  condition  as  very  pale  discs  or  as  slightly  refractive  rings  enclosing 
a  nearly  colorless  central  mass.  In  dry  preparations  stained  with  eosiu, 
such  cells  may  show  only  a  narrow  red  ring  surrounding  a  central  por- 
tion which  is  entirely  devoid  of  haemoglobin.  In  this  grade  of  aueemia 
there  may  be  noted  moderate  differences  in  size  and  irregularities  in 
shape  of  the  red  cells.  Iu  severe  aniemia,  uuder  a  variety  of  conditions, 
as  after  certain  forms  of  poisoning,  extensive  burns,  etc.,  varying  num- 
bers of  very  small  red  cells  are  seen,  called  microcyles.  They  are  sphe- 
roidal or  irregular  in  shape,  may  be  excessively  miuute,  and  tbeir  heemo- 
globin  is  either  increased,  uormal,  or  diminished.  Under  similar 
conditions,  a  variety  of  bizarre  forms  of  red  cells  are  found,  called  poiH- 
locates.  In  very  severe  ausemia  very  large  red  cells  occur  in  considerable 
numbers.  These  cells,  called  megaloeyteH,  are  derived  from  the  large 
nucleated  red  cells  of  the  marrow,  and  their  appearance  in  the  blood  in- 
dicates the  early  onset  or  actual  establishment  of  some  form  of  progres- 
sive aniemia  (see  Plate  II.,  Fig.  3). 

Amoeboid  movement  of  megaloeytes  has  be^n  observed  iu  si>ecimenB 
examined  on  a  warm  stage  from  the  blood  of  pernicious  auEemia.  The 
tendency  of  the  red  cells  to  form  rouleaux  is  much  diminished  or  at>sent 
in  very  grave  anffimia. 

Ifot  infrequently  a  loss  of  haemoglobin  is  associated  with  a  change  in 
the  stroma  of  the  cell,  so  that  the  mass  stains  slightly  with  methylene 
blue.  To  this  change  the  name  of  aufemic  or  polychromatophilic  degen- 
eration has  been  given,  aud  it  is  thought  to  show  a  more  or  less  com- 
plete coagulation  necrosis  by  which  change  the  protoplasm  of  the  red  cell 
becomes  more  tiasophilic'  in  its  staining  reaction.  Instead  of  a  uniform 
loss  of  hEemoglobin  this  constituent  of  the  cell  may  be  condensed  in  the 

'  It  is  convenient  to  classify  the  dyes  used  in  atalning  into  the  acid,  tlie  neutral,  and 
llie  baaic.  and  to  designate  cells,  in  accordance  with  tbe  relative  persistency  with  wbicb 
they  liold  tlieae  dyes,  as  neutrophjle.  aciilopbilc.  or  basophilc. 


,  Google 


Desckiptios  of  Plate  II. 
All  tlie  SpecimeiiB  are  Stained  with  Eoein  and  MetliylaiLe-Azim. 

Fig.  1.  NOBMAL  Blood.— Tbe  red  cells  are  nearly  uniform  Id  lize  uid  shape.  The  liieini«lobln  Is 
fdrly  even];  dlgtiibuted.  but  Is  allKbtl;  mure  dense  Dear  ilie  periphery  Uun  ai  Uie  centre,  especially  Id 
Uiose  cella  which  have  dried  alowly.  In  rapidly  drl<4  red  i^ells  the  Blala  Is  even  Ibraugliout.  Tu  Ibe  left  la 
a,  lymphocyie  wllh  reddish,  deeply  stained  nucleus  and  a  pale  bluish  eell  body,  which  la  narrow  In  propor- 
llon  to  ihe  size  of  tbe  Durleus.    To  (he  tight  Is  a  small  lymphocyte,  smaller  tban  tbe  red  cells  which  sur- 

plann.  Al  tbe  upper  portlun  ut  Ibe  Orui^  Is  a  large  oral  celt  which  corre«pobds  tu  the  ler«c  Dinuonurlear 
cell  ol  Ehrlleh,  hut  coniddered  bj  many  equltalent  to  ft  lante  lymphocyte.  Id  the  centre  ot  the  drawlER  Is 
a  cell  with  a  lobed  nucleus  and  purplish  inanules  by  which  this  basophlle  cell  Is  diallngulsbed  trem  the  neu- 
trophlle  JUBt  below  it  and  front  the  en!>tuophile  In  the  light  lower  luiulratit.  Two  neutropblle  cells  am 
shown,  one  wllh  abuudsnt  fine  manulea.  Ihe  other  ahowlnft  a  smaller  Dumber:  both  tyjies  belos  abun- 
dunlly  present  In  nonnal  blood.  To  the  liglil  Is  a  siuatl  clueier  ot  blood  plates,  sotne  or  wbkn  show  darker 
staining  masses  near  tbe  centre  which  are  presumed  by  some  obaervers  to  be  Duclear  lemalDs.  by  others  to 
be  IraEinenta  of  hemoglohin.  The  eosinoiriiile  cell  Id  the  lower  rinbt-baDd  quadreot  ig  dlatlngutsbed  from 
the  neutnqihlle  by  the  cuaiseness  ot  Its  eranules.  which  are  shot-like  and  quite  r^ular  In  (onn.  though  not 
■II  the  granulea  are  of  the  same  size.  They  oflea  take  a  much  more  btilllaDt  red  color  thsu  (be  ueulro- 
Ptalles. 

Fio.  i.  Chlorosis.— The  blood  was  obtained  from  a  young  woman  of  tweDtT-two  yeara.  who  had 
3.0X1.1)00  red  cells  and  30  per  cent  of  lieemoglobla.  The  red  celln  are  about  ot  tbe  svme  size  as  those  Id  nor. 
mal  blood,  but  show  a  greatly  dimlnishrd  amount  ol  haemoglobin  lo  Ihe  Individual  cell  as  evidenced  by  Ibe 
much  lalnter  staining  ot  a  numbir  or  cells  In  Ihe  plate  which  appear  merely  as  rem  nan  i».  Bomeol  the  cells 
bale  aauRieil  irregular  stmpes  and  ar«  bnowa  as  pel  III  locates,  lu  the  left  upper  quadrant  ale  three  (onns 
which  may  he  considered  as  paiboloBlcal  In  clreulatlng  blood.  Below,  lo  Ibe  lall.  Is  a  purpllsb-red  cell 
rather  deeply  stalDcd.  showing  polycbroiiiatopbllla.  To  the  right  of  this  cell  ahd  separated  fmm  it  by  a 
nucleated  red  cell  of  nonooblasilctypelsncell  ihowing  gmnular  degeneiutloo. 

rta.  8.  BKtONPiRY  ANSMIA.- The  blood  was  obUlned  from  a  case  ot  carelnomn  o(  the  atomacli  In 
which  the  red  cells  were  reduced  to  l..'iH).onn;  tlie  hiemoglobia  waa  i^  per  cent:  the  leucncjtr-s.  30.000. 
Tbe  changes  In  Ihe  red  cells  are  much  Ihe  same  as  those  noted  Inlhecblorollc  plate.  There  Is  marked  dlm- 
InutloDof  the  hanwgloblD  of  the  red  cells  with  polbllocyloels  and  ulso  granulai 
cbromalophilla.  Two  nucleated  red  cells  are  present,  one  In  Ihe  upper  right,  Ihe  ot 
hand  quadrant.  Both  show  degenerative  changes  In  Ihe  nuclei,  which  should  not  be  miswaea  tor  miiuuc 
figures.    In  secondary  an»mla  of  this  type  the  polynuclesr  neuiiophlles  are  notahly  Increased. 

Pin.  4.  PERMCtoirs  AN£Hiii.— Tbe  blood  waa  obtained  from  a  case  showing  tiXlUOO  red  cells.  10  per 
cent  ol  hEemnglobln.  andS.wn  leucocytes.  Thestrilclng  features  of  the  blood  in  this  disease  are  the  marked 
Blleratlons  in  size,  shape,  and  slalnlnR  properties  or  Ibe  red  cells.  Tbe  leiicocyt*a  are  usually  diminished 
in  number  and  show  no  characteristic  changes,  with  tbe  exception  of  a  relative  Increase  in  Ilie  Ijmpho- 
cyle«.  The  vorloua  types  o(  delormailon  of  tbe  red  cells  are  very  well  noted  In  the  various  pollillocyl«  In 
Ihe  sketch,  some  of  which  contain  targe  quantities  ot  biemoglohln.  others  a  diminished  amount.  Id  Ihe  red 
cells  approaching  more  nearly  lo  the  nonnal  form  it  will  be  Immediately  noted  that  the  amount  of  htemo- 
globln  present  as  evidenced  by  Ibe  depth  of  stain  la  relatively  large.  The  cell  In  tbe  centre  of  Ihe  Held,  tor 
example,  stains  a  great  deal  more  deeply  than  any  normal  cell.  These  deeplj  staining  cells  are  also  very 
large  and  often  ot  peculiar  oval  and  Irregular  loiin.  The  sihcalled  megaloblasla  are  abundantly  present  In 
the  blood  or  pernicious  auEenila.  In  contrast  lo  the  mlcrocjlic  type  ol  cell  usually  round  In  the  secondary 
BUKmlas  and  in  chlorosis.  It  is  this  macrocytoais  with  the  consequent  ihcrease  In  Ihe  btemoglubin  cuoieni 
ot  each  cell  that  gives  rise  to  tbe  high  relative  hffimuBlobin  Indcjc  ol  the  blood  ot  pernicious  anaemia.  A 
normal4lzed  cell  showing  marked  polycbromalupbllla  Is  seen  above :  a  macrocne  with  granular  degenera- 
tion Is  seen  below  li.  and  a  normal-sized  red  cell  wllh  nucleus,  or  normoblast  In  the  lower  left  quadrant 
Is  a  large  erythrocyte  with  a  large  nucleus  with  One  chromatin  network.  The  cell  body  takes  on  a  combl- 
DatloD  ot  the  blue  and  pink  of  Ibe  stain :  in  other  words.  Is  polychromatophlltc.  Below  It  Is  s  normal 
lympbocyle.  In  the  lower  rigbi  quadrant  are  two  other  megaloblasla  showing  a  slightly  diflereni  morphol- 
ogy and  with  an  orthochromalic  pnitoplasm  ;  that  Is.  Uie  cell  bodv  takes  Ibe  eosln  alone.  The  upper  cell 
shows  a  dense  nucleus  with  Ihlck  strands  ot  chromatin  tonning  a  network.  In  Ihe  lower  Ihe  chromatin 
showB  no  structure. 

no.  5.  THBoNic  LikPHATlC  LKIK^MIA— The  Wood  ot  this  case  showed  3,800,000  red  cells.  jm.mO 
leucocytes,  and  HI  per  cent  or  hemoglobin.  Ot  the  leucocytes  65  per  cent  were  lymphocytes.  It  will  he 
noted  from  the  drawing  that  tbe  red  cells  are  practically  normal  In  size  and  shape.  The  abundance  and 
variety  or  the  lymphocytes  will  be  noted  Immediately.  In  the  upper  right  quadrant  Isaslnglenurmohlast; 
in  Ihe  lower  rigtl  quadrant  ol  the  upper  part  Is  a  washed-out  cell  wllh  irregular  outline  which  Is  a  dcgen- 
enled  lympbocyle.    In  Ihe  acute  lonns  or  lymphatic  leukKmlH  these  cells  become  exceedingly  abundant. 

Fia.  e.  MTELOOE.'iDus  LETKJtJiiA.— The  blood  or  this  case  showed  1,000,000  red  cells,  20  per  cent 
bfemogloblD,  and  l,ISIO,OOU  leucocytes,  ihe  eiact  pmportlons  ot  which  could  not  lie  determined  on  account 
of  Ihe  large  number  of  Irregular  and  degenerated  forms,  but  myelocytis  and  basophllea  were  very  abun- 
dant In  the  upper  left  quadrant  iiin  be  seen  an  eoalnoplille  niyeloi'yte  with  a  single  oval  nucleus  and 
large  sbol-like  grannies.  Below  it  are  a  normoblast  with  granular  degeneration  of  the  protoplasm  and  a 
polymorphonuclear  neulrophlle  with  fine  granules.  In  the  lower  left  quadrant  can  he  seen  a  large  degen- 
erated neulrophlle  myeloryle  in  which  tbe  granules  have  become  acattered  over  Ihe  slide  In  the  process  ot 
apreading  the  blood.  To  the  right  and  below  the  centre  are  a  iiormoblast  with  clovenleaf  nucleus,  a, 
polymorphonuclear  neutmphlle  and  a  lymphocyte,  and  above  an  eoslnophlle  myelocyte.  In  the  upper  right 
quadrant,  beginning  at  the  left,  can  be  seen  a  small  liasophlle  cell  with  faintly  staining  nucleus ;  to  the 
right  two  myelocytes,  one  with  deeply  alalnlng  nucleus.  Ihe  other  somewhat  fainter,  both  containing 
neutropblle  granules.  To  the  right  a  normoblast  with  pyknotlc  nucleus,  and  still  (iirtber  lo  Ihe  right,  a 
so-called  basket  cell  or  degenerated  myelocyte. 
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Pig.  I.  Normal  Blood. 
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Fig.  3.  SeGondary  Anaemi 
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Pig.  4.   Pernicious  Anaemia. 

inUri 


Fig.  5.  Chronic  lymphatic  LenkaemU.  Fig.  6.    Myelogenoua  Leukaemia. 

Changes  in  the  Morphology  of  the  Blood. 
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form  of  small  granules  occupyiDg  the  cell  body  aud  staining  more  deeply 
with  methylene  blue  tbau  do  normal  cells  (granular  degeneration). 

It  should  be  remembered  that  during  the  manipulations  required  iu 
making  dried  specimens  the  red  cells  may  suffer  a  variety  of  artificial 
changes,  many  of  which  are  very  confusing. 

yucleated  t'ed  blood  ceUs  are  found  in  the  blood  In  all  forms  of  antemia, 
and  their  appearance  indicates  regenerative  activity  on  the  part  of  the 
blood-producing  Organs.  Their  presence  in  the  blood,  though  at  all 
periods  of  extra-uterine  life  abnormal,  may  usually  be  regarded  as  of 
favorable  import  in  disease.  Within  a  few  hours  after  severe  hiemor- 
rhage  nucleated  red  cells  may  be  noted  in  considerable  numbers.'  Dur- 
ing the  regeneration  of  the  blood  iu  aneemia,  the  occurrence  of  nucleated 
red  cells  is  nearly  constant,  but  subject  to  rather  sudden  periodical  vari- 
ations sometimes  called  "blood  crises."  In  favorable  cases  of  autemla 
nucleated  red  cells  of  normal  size  only  (normoft^sto)  (Plate  II.,  Figs. 
2  and  3)  are  seen,  whose  compact,  darkly  staining  nucleus  may  be  found 
either  in  the  centre  of  the  cell  or  slightly  protruding  from  the  periphery ; 
or,  nuclei  apparently  quite  extruded  from  the  cell  may  l>e  found  free  in 
the  plasma. 

In  severe  antemia  attended  with  an  abnormal  tyjie  of  blood  formation, 
very  large  nucleated  red  cells  (jnegaloblaMs)  (Plate  II.,  Fig.  4)  appetvr 
in  vai-yiug  numbers.  The  protoplasm  of  these  cells  often  shows  an  ex- 
cess of  hsemoglobin,  but  frequently  the  purple  stain  produced  by  a  com- 
bination of  the  eosin  and  methylene  blue  indicates  an  altered  form  of 
htemoglobin,  or  very  fine  t>asophile  granules  may  be  demonstrated  by 
treatment  with  methylene  blue.  The  nuclei  of  the  megaloblasts  may  be 
single  and  compact,  or  a  single  large  nucleus  may  show  stages  of  direct 
division,  or  in  extremely  large  cells  (ffiffaittoblaats)  the  nuclei  may  present 
phases  of  mitosis. 

ALTEBATIOHS  IN   THE  WHITE  BLOOD  CELLS. 

The  LEUcot'YTEB  of  Normal  Blood. 

The  leucocytes  of  normal  blood  may  be  classified  according  to  their 
place  of  origin,  or  by  the  character  of  their  nuclei,  or  by  the  reac- 
tion of  the  granules  in  their  protoplasm  to  certain  dyes.  The  most  ser- 
viceable classification  is  that  based  both  upon  the  character  of  the  nucleus 
and  upon  the  reaction  of  the  protoplasm  to  dyes,  siccording  to  which  we 
may  distinguish  In  normal  blood  the  following  forms  (see  Plate  II., 
Fig.  1): 

1.  Lymphocytes,  small  leucocytes  of  about  the  size  of  red  cells  or 
larger,  with  a  single  compact,  deeply  staining  nucleus,  surrounded  by  a 

'  The  ftppeamnce  of  nucleated  rod  cells  and  abnormal  forms  has  been  frcqiieutly 
noted  In  those  who  have  reccotlv  arrived  In  mountainous  regions,  the  probable  e\|i]ana- 
tion  being  tliat  the  lowered  oxygen  tension  of  tlie  ran'fled  air  demands  a  laiger  amount 
of  hemoglobin  to  supply  the  wants  of  the  tissues,  v.  itii  the  result  that  for  a  short  time 
immature  red  ceils  are  set  free  from  the  bone  marrow. 
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thin  rim  of  bomc^iieous  protoplasm.  The  cell  body  usually  possesses  a 
stronger  basophilic  reaction  than  the  nucleus,  so  that  in  staining  with 
methylene  blue  the  miclens  shows  as  a  pale  spot  in  the  centre  of  the  dark 
ring  of  the  cell  body.  This  ring  is  often  ra^ed  in  its  outline  aud  may 
show  distinct  projections  which  are  sometimes  cast  off  into  the  circulating 
blood.  Large  and  small  lymphocjies  may  be  distinguished  (Plate  II., 
Fig.  5).       • 

2.  Large  Mononuclear  Leucocytes,  with  a  single,  compact  or 
vesicular,  rather  faintly  stniuing  nucleus  and  a  relatively  large  amount 
of  protoplasm  which  stains  much  less  strongly  than  the  uiicleus,  thus 
separating  this  group  from  the  lymphocytes. 

3.  Transitional  Leucocytes,  of  the  same  size  as  many  of  the  large 
mononuclear  leucocytes,  with  a  compact  or  vesicular,  irregular  or  in- 
curved nucleus,  and  a  considerable  mass  of  protoplasm,  in  which  fine 
□eutrophile  grannies  can  occasionally  be  demonstrated. 

4.  PoLYNUcLEAE  Neuthophile  LEUCOCYTES,  of  the  Same  size  aa 
the  transitional  leucocytes,  with  a  partially  or  completely  divided  nu- 
cleus, of  which  the  separate  portions  are  either  compact  or  vesicular, 
deeply  or  faintly  staining,  and  with  considerable  protoplasm  in  which 
distinct  granules  may  be  demonstrated  by  the  ueuiral  dyes. 

5.  EosiNOPHiLE  Cells,  of  the  same  characters  as  the  ordinary  poly- 
nuclear  leucocytes,  but  containing  in  their  bodies  large  refractive  gran- 
ules which  stain  deeply  with  so-called  acid  dyes  such  as  eosin. 

6.  Basophile  Cells,  of  about  the  same  size  aa  the  polyuuclear  cells, 
but  containing  coai-se  granulations  stained  only  by  basic  dyes  such  as 
methylene  blue.  The  nucleus  is  small,  stains  feebly,  and  is  usually 
lobular.     It  is  often  covered  very  largely  by  the  granulations. 

These  various  forms  of  leucocytes  occur  in  normal  blood  in  the  fol- 
lowing proportions,  which  represent  averages  only  aud  are  subject  to 
considerable  variations: 

Polynuclearneulrophile leucocytes 70  to  73  per  cent. 

■■         Large  mononuclear  and  transition  forms. 2"    4       " 

Lympbocj-tes 33  "  85        " 

Eosinoptiiles i  '    4       " 

Basophile  cells  less  thau O.H     " 

In  the  normal  blood  of  young  children  the  relative  proportion  of 
mononuclear  cells  is  considerably  greater  than  in  that  of  adults. 

The  numbers  and  proportions  of  the  polyuuclear  leucocytes  are  in 
disease  subject  to  very  wide  variationa,  and  some  abnormal  forms  of 
colorless  cells  make  their  appearance  in  the  blood. 

LEUCOCYTOSia 

Leucocytosis  is  that  condition  of  the  blood  in  which  the  leucocytes 
are  temporarily  or  i)ersistently  increased  in  number.  'When  several 
forms  of  leucocytes  are  increased  in  number  and  the  usual  proportions 
are  but  partially  disturbed,  we  speak  of  mixed  leucoeiftosis.     Such  a  cou- 
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ditioa  is  seen  in  some  forms  of  aneemia.  WTien  the  polynuclear  neutro> 
phile  leucocytes  alone  are  increased  the  condition  is  termed  polynuclear 
leaeoeytom,  or  simply  leucoojtona.  If  the  mononuclear  cells  are  chiefly 
aflected,  the  coudition  mayl>e  denoted  as  lymphocytom.  The  eosinopbile 
cells  alone  may  be  increased. 

Poljpiuclear  Leucocytom  may  be  either  physiological  or  pathological. 

Fhynologioal  Folysnclear  Leacooytoaii  is  seen  during  normal  digestion, 
in  the  laler  months  of  pregnancy,  in  the  first  days  of  infancy,  and  is 
usually  of  moderate  grade. 

Fathologloal  Polynaclear  LencocytouB  occurs  in  many  inflammatory  and 
infectious  diseases,  and  accompanies  the  various  cachexias.  Of  the  in- 
fectious diseases  attended  -with  leucocytosis  may  be  mentioned  pneu- 
monia, diphtheria,  scarlet  fever,  erysipelas,  rheumatism,  suppurative 
cerebro-spinal  meningitis,  and  any  disease  associated  with  a  pronounced 
exudative  or  suppurative  lesion.  On  the  other  hand,  leucocytosis  is 
absent  in  uncomplicated  typhoid  fever,  typhus,  malaria,  measles,  and 
tuberculosis. 

The  origiu  and  significance  of  the  leucocytosis  of  infectious  diseases 
is  imperfectly  understood,  but  may  be  partially  explained  by  the  princi- 
ples of  chemotaxis  and  phagocytosis.  From  experimental  evidence  and 
clinical  obseri'ation  it  is  known  that  during  the  onset  of  some  infectious 
disea-ses  the  entrance  of  bacteria  or  their  products  into  the  blood  is  fol- 
loweil  by  a  disappearance  from  the  circulation  of  many  polynuclear  leu- 
cocytes, which  are  removed  from  the  larger  vessels  and  lodged  in  the 
capillaries,  principally  in  the  lungs  and  liver.  This  condition  of  the 
blood,  called  hypoleKcocytosia,  may  be  attended  with  a  transient  reduction 
in  temperature  and  weakening  of  the  heart's  action,  and  is  usually  suc- 
ceeded shortly  by  the  reappearance  of  polynuclear  leucocytes  in  large 
numbers,  and  by  a  rise  of  temi)erature.  These  leucocytes  are  apt  to 
gather  in  regions  in  which  micro-organisms  are  abundant,  and  are  be- 
lieved to  take  up  and  destroy  micro-organisms  (phagocytosis),  and  to 
prevent  their  further  entrance,  and  possibly  the  entrance  of  their  prod- 
ucts also  into  the  circulation.  Of  the  place  and  method  of  origin  of 
these  new  leucocytes  very  little  is  definitely  known. 

In  many  very  severe  cases  of  infectious  disease,  such  as  pneumonia, 
diphtheria,  and  peritonitis,  the  initial  hypoleucocytosis  persists,  in  which 
event  the  disease  usually  runs  an  asthenic  and  fatal  course,  with  a  ten- 
dency to  low  temperature  and  feeble  pulse. 

"When  leucocytosis  is  established  the  grade  varies  frequently  with  the 
extent  of  the  local  lesion  and  the  height  of  the  fever  associated  with 
the  infectious  process,  and  disappears  with,  or  soon  after,  the  decline  of  the 
disease.  In  general,  according  to  our  present  knowledge,  the  leucocy- 
tosis of  infectious  diseases  may  be  regarded  as  the  efifort  of  the  blood- 
producing  organs  to  protect  the  blood  and  tis-sues  by  means  of  leucocytes 
against  the  invasion  of  micro-organisms  and  against  the  action  of  toxins 
present  in  the  circulation. 

The  blood  in  typhoid  fe\'er  presents  a  peculiar  variation  from  that  in 
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most  iiifectioiis  diseases.  In  the  first  weeks  of  the  disease  there  is  usu- 
ally a  reduction  in  the  number  of  leucot-ytes,  especially  of  the  polynnclear 
forms.  In  the  later  weeks  the  lymphocytes  may  form  eighty  per  cent 
of  the  leucocytes  present  in  the  blood.  Each  relai>se  is  attended  with  an 
increase  of  the  lymphoej-tosis,  while  an  inereaise  of  polyiiuclear  leucocytes 
usually  occurs  with  complications  only. 

In  the  various  forms  of  tiiberculosis  there  is  no  leucoeytosis  unless 
the  lesion  is  markedly  exudative  in  character,  as  in  tuberculous  menin- 
gitis, or  is  complicated  by  suppuration  or  chronic  aniemia.  In  pulmo- 
nary tuberculosis  with  secondary  infection  by  pyogenic  cocci  leucoeytosis 
is  apt  to  develop. 

Cachectic  Lencocytoflia  is  a  feature  of  altered  conditions  of  the  blood, 
such  as  are  associated  with  the  growth  of  malignant  tumors,  and  with 
many  diseases  producing  secondary  aniemia.  This  increase  of  poly- 
nuclear  leucocytes  may  serve  to  distiuguish  many  forms  of  secondary 
from  primary  autemia.  The  inflammation  aod  toxtemia  accompanying 
many  new  growths  aflford  a  sufficient  reason  for  the  appearance  of  ca- 
chectic leucoeytosis,  but  under  many  other  circumstances  its  direct  cause 
is  less  apparent, ' 

HypolenoocytouB  occurs  not  only  in  infectious  diseases,  when  the  poly- 
nuclear  cells  alone  are  reduced  in  numbers,  but  also  from  shock,  leduc- 
tion  of  body  temperature,  and  exhaustion,  when  all  forms  of  leucocytes 
may  be  diminished.  It  is  a  fairly  constant  feature  of  primary  pernicious 
aniemia.' 

Fotynnctear  EosinophUe  LencocytOBis  is  found  in  a  number  of  unrelated 
conditions.  In  bronchial  asthma  the  eosinophile  cells  are  considerably 
increased,  often  forming  ten  to  twenty  per  cent  of  the  total  white  cells. 
In  acute  and  chronic  diseases  of  the  skin,  such  as  pemphigus,  i)rurigo, 
and  psoriasis,  the  eosinophiles  are  often  increased  to  a  marked  degree, 
but  the  condition  is  not  constant.  In  trichinosis  and  helminthiasis  the 
increase  is  so  constant  that  it  becomes  of  diagnostic  value  in  these  con- 
ditions.    A  post-febrile  eosinophilia  is  frequently  observed. 

Lymphocytosis,  frequently  seen  in  the  ansemias,  in  pertussis,  and  the 
acute  intestinal  disoi-ders  of  childhood,  has  also  been  noted  in  some 
fonns  of  secondary  aniemia  (syphilis),  and  in  an  extreme  degree  as  the 
chief  characteristic  of  the  blood  of  lymphatic  leuksemia. 

In  mixed  leucDCytoiei  a  numt>er  of  types  of  cells  appear  which  are  de- 
rived from  the  bone  marrow  and  diflfer  greatly  from  the  forms  already 
described.  Of  these  the  most  important  are  the  myelocyten  (Plate  II., 
Fig.  6).  These  are  mononuclesir  cells  with  an  oval,  faintly  staining 
nucleus,  and  a  cell  body  containing  a  greater  or  less  number  of  nentro- 
phile  grannlations.     They  are  usually  about  twice  as  large  as  the  red 

'  For  fiirtJier  ilala  coiicerninjt  Leucoeytosis,  consult  Rieder,  "Beitrflge  zur  Kennt- 
niaa  d.  Leu kocv tost-,"  Leipsic,  1893.  Turk,  "  Klin,  UuttTsiicliiingon  u,  tl.  Verhallen  d. 
B1ute8."etc.,  Wisn,  1898. 

'For  Hypoleucocj'tosia,  consult  Lmeit,  "Htudien  tlber  Pliysiol.  und  Pathol,  d. 
Bliites  u.  d.  Lymphe,"  .lena,  1893.  Eaing.  "Toxic  Hypo  leucoeytosis,"  New  York 
^[cdiwil  .loiimal,  Marcli,  1895, 
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ceils,  but  may  be  of  practically  the  same  size.  Anotber  type  possesses 
the  same  cliaract«ristic8  except  that  the  grauulations  are  of  the  eosiuopbile 
or  basopbile  variety.  Finally,  there  are  found  under  the  same  conditions 
as  the  myelocytes  large  mononuclear  cells  without  granulations,  the  so- 
called  "irritation  forms."  The  nucleus  stains  deep  blue  with  the  triaeid 
stain,  and  the  cell  body  a  dark  brown.  Moderate  degrees  of  mixed 
leueocytosis  are  seen  in  the  severe  primary  and  secondary  anfemias,  dur- 
ing the  course  and  at  the  end  of  severe  infections,  especially  In  children, 
but  the  most  marked  example  is  in  the  blood  of  spleno-myelogenous 
leukaemia. 

Charcot -Ley  den  erj'stals  are  occasionally  found,  chiefly  after  death,  in 
the  blood  in  leukieinia,  asually  at  the  same  time  with  an  increased  num- 
ber of  eosinophile  c«ll8. 

Degenerative  Changes  in  the  Blood  are  usually  indicated  in  the  leuco- 
cytes by  variations  in  the  percentage  of  normal  and  abnormal  varieties, 
rather  than  by  alterations  in  the  individual  cells,  for  degenerating  leuco- 
cj-tes  are  usually  quickly  removed  from  the  circulation.  Staining  re- 
actions of  the  various  granules,  by  which  degenerative  changes  may  be 
recognized,  have  nut  yet  been  devised.  In  leuktemia,  pernicious  nns- 
mia,  and  diphtheria,  a  diminished  reaction  to  nuclear  dyes  has  been 
observed.  In  leukfemia,  and  in  the  severe  infectious  diseases,  the  leuco- 
cytes may  be  exti-emely  cohesive,  and  it  is  believed  that  a  large  quantity 
of  bacteria  or  toxins  in  the  circulation  may  even  effect  a  complete  solu- 
tion and  destruction  of  leucocytes  (leucocytolysis).  Fatty  degeneration 
of  leucocytes  has  been  demonstrated. 

Melanemia. — In  this  condition  the  blood  contains  larger  and  smaller 
irregular-shaped  particles  or  masses  of  brown  or  black  pigment.  This 
condition  is  most  frequently  the  result  of  intermittent  and  remittent 
fever,  particularly  the  severer  forms.  It  may  be  accompanied  by  an£e- 
mia  and  leueocytosis.  It  does  not  occur  in  all  cases  of  the  above-named 
affections.  It  may  be  transient  in  character.  The  pigment  may  be  free, 
or  more  usually  is  enclosed  in  leucocytes.  Under  the  same  conditions 
pigment  may  be  deposited  In  the  liver,  spleen,  lymph-nodes,  bone  mar- 
row, and  blood-vessels.  Owing  to  the  deposit  of  pigment  in  the  organs 
they  may  assume  a  gray  or  slate  color.  The  pigment  developed  in 
malaria  originates  in  the  decomposition  of  the  hemoglobin  under  the 
influence  of  the  Plasmodium.  Pigment  which  has  been  taken  into  the 
lungs  from  the  air,  sncb  as  coal  dust,  etc.,  may  find  its  way  into  the 
blood  either  before  or  after  deposition  in  the  bronchial  or  other  lymph- 
nodes,  and  may  be  afterward  de])osited  in  the  spleen  and  li\er.' 

'  For  further  details  coDcernlne  changes  in  the  blood,  consult  Simon,  "  Clinical  Diag- 
nosifl."  4lh  ed.  EtFtng,  "CUnical  Pathology  of  Ihe  Blood,"  1»03,  Cniw(.  "CMnical 
Examination  of  the  Blood,"  1904,  or  Wood,  "Chemical  and  Microscopical  DiaKoosis." 
1«04. 
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Hethoda  of  Examination  of  the  Blood. 

The  blood  may  be  examined  fresh  od  tbe  warai  stage  without  the  additioo  of  any 
fixative,  Bimply  auiroundiog  tbe  cover  with  oil  or  vaselin  to  prevent  evaporation. 
This  method  is  especially  useful  iu  the  examination  of  blood  for  tbe  Plasmodia  malariie. 
For  most  purposes,  however,  the  ecUs  should  be  treated  tbe  iostaut  the  blood  leaves 
the  vessels  in  such  a  way  as  to  retain  their  uonnal  form.  This  fixation  may  be  accom- 
plished by  the  use  of  chemical  agents  (wet  method)  or  by  quick  drying  on  the  cover 
glass  or  slide  (dry  method). 

Wet  HBTtiOD. — Among  the  chemical  lixative  agents  are  osmic  acid  and  a  solution 
of  corrosive  sublimate.  Otuiie  iteid :  A  drop  or  two  of  blood  drawn  from  the  cleansed 
flnger-tip  by  a  needle  prick  is  allowed  to  fall  into  a  cubic  centimetre  of  from  one-  to 
two-per-cent  osmic  acid.  After  an  hour  the  blood  cells  may  be  transferred  by  a  pipette 
to  a  solution  of  acetate  of  potash,  in  which  they  may  be  preserved. 

SuMiraaU  may  be  used  in  the  form  of  Hayem's  soluiion,  consisting  of 

Chloride  of  sodium 1     gm. 

Sulphate       "  5       " 

Corrosive  sublimate 0.5    ■* 

Water,  distilled SOO 

The  blood  is  received  directly  into  this  solution,  in  which  it  is  studied.  The  wet 
method  of  fixation  is  especially  to  l)e  recommended  for  studies  on  tbe  minute  structure 
of  blood  cells. 

Drt  Method. — It  has  been  found  that  if  the  freshly  drawn  blood  from  a  finger 
priek  be  immediately  dried  on  a  glass  in  a  very  tbin  layer,  the  cell  forms  are  quite  well 
preserved  and  may  be  exposed  to  the  action  of  stainiug  agents. 

For  this  purpose  square  cover-glasses  of  medium  size  should  be  cleaned  in  strong 
nitric  acid,  rinsed  in  ateohol  and  ether,  carefully  dried,  and  kept  free  from  dust,  A 
drop  of  blood  may  be  expressed  by  very  light  pressure  only  from  the  finger  tip,  previ- 
ously cleansed  with  alcohol  and  etjier,  and  for  the  best  results  tbe  drop  must  be  spher- 
oidal and  about  one-sixteenth  of  an  iuch  in  diameter.  One  cover-glass  should  be  lield 
in  the  forceps,  or  between  the  fingers  if  thoroughly  dry,  and  its  central  point  touched 
to  the  drop  of  blood.  After  contact  with  the  blooii  this  cover-glass  should  be  instantly 
Itud  upon  a  second  glass  so  as  to  cover  all  but  an  eighth  of  an  inch  along  one  side,  and 
as  soon  as  tbe  blood  has  spread  1o  the  edges,  the  cover-glasses  should  be  quickly  sepa- 
rated by  sliding  without  pressure  and  dried  in  the  air.  If,  instead  of  drying  in  the  air. 
the  specimens  are  rapidly  dried  high  over  an  alcohol  flame,  the  fixation  will  be  more 
successful,  and  many  artificial  changes  in  the  red  cells  will  be  avoided. 

Another  method,  more  successful  in  many  hands,  consists  in  touching  the  drop 
with  the  smootli  edge  of  a  glass  slide,  applying  this  edge  with  its  adherent  blood 
obliquely  to  a  slide,  and  when  the  blood  has  spread  along  the  edge  of  the  slide,  drawing 
it  rapidly  across  the  surface  of  the  second  slide. 

For  the  permanent  fixation  of  tbe  cells  and  to  prevent  their  solution  by  strong  dyes, 
one  of  two  methods  may  be  recommended ; 

1.  Beat  Fijsation. — The  specimens  are  heated  in  a  hot-air  bath  or  on  a  copper  plate, 
for  from  five  minutes  to  two  hours  at  a  temperature  of  110°  C.  to  120°  C. 

3.  Clicmiail  Fixation. — Tlie  specintens  arc  placed  for  from  one  to  thirty  minutes  in 
strong  methyl  alcohol. 

Various  staining  agents  are  to  be  employed  according  to  the  object  in  view.  The 
triacid  mixture  of  Ehrlich '  gives  an  excellent  stain  for  the  neutrophile  and  eosinopliile 
granules,  but  fails  to  show  basophile  granules  or  parasites,  for  which  reason  ii  is  lieing 
supplanted  for  general  work  by  combinations  of  methylene  blue  and  eosin.  Tbe  com- 
position of  the  Ehrlich  stain  is  as  follows: 

'  Great  care  must  be  used  in  selecting  these  dyes.  Those  made  by  Grllbler,  of  Leip- 
sic.  are  reliable.  It  is  far  better  to  purchase  the  solution  already  mixed  as  sold  by  OrUb- 
ler  under  the  name  uC  "triacid  mixture  for  neutrophile  granules." 
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Saturated  aqueous  solutioDS  of 

Orange  O 18  to  14  c.c. 

AHd  fuchsin - 6   "   7     " 

Methyl  green 13.6  " 

To  the  mixture  ot  these  add 

Water IS  c.c 

Absolute  ttlcobol 35   " 

GljceriD 10    " 

The  specimeu  Bhoultl  be  stained  iu  this  fluid  for  tiiree  to  five  miuutes,  washed  iu  dis- 
tilled w&ter,  dried,  tiud  mounted  in  dammar  dissolvetl  in  xylol. 

The  red  cells  are  then  found  stained  orange-yellow,  the  nuclei  dark-green  or  blue, 
the  neutropbile  and  eosinophlle  granules  dark-red.  The  mast-cell  granules  are  not 
stained. 

Railier  more  uniform  results,  especially  as  regards  the  red  cells,  may  be  obtained 
by  the  following  method,  which  also  demonstrates  the  malarial  Plasmodium  and  baso- 
phite  granules,  but  not  the  neutrophile  granules:  Place  the  specimens  for  two  minutes 
in  a  eaturated  alcoholic  solution  of  eoaiu,  wash  in  water,  and  counterst&in  for  Hve 
minutes  in  a  one-percent  watery  solution  of  methylene  blue.  The  red  cells  and  eosino- 
phlle granules  then  appear  bright-red.  The  nuclei,  baaophilc  granules,  and  malarial 
Plasmodia  are  stained  blue. 

Recently  a  stain  has  been  devised  by  Jenner  which  bids  fair  to  supplant  other 
methods  on  account  of  Its  simplicity,  rapidity,  and  case  of  application.  It  consists  of  a 
half-per-cent  solution  in  methyl  alcohol  of  a  compound  mode  by  mixing  a  1.8  per  cent 
aqueous  eosiu  an<i  a  one-per-cent  aqueous  methylene- blue  solution.  The  precipitate 
which  forms  is  filtered  oft,  washed  with  distilled  water,  dried,  and  dissolved  in  the 
methyl  alcohol.  The  blood  smeara  are  fixed  by  this  solution  in  from  one  to  three  minutes. 
The  red  cells  are  ot  a  terra-cotia  color,  the  nuclei  blue,  the  neutrophile  and  eosinopbile 
granules  red,  the  nmat-cell  granules  purple;  bacteria,  malarial' organisms,  and  blood 
plaques  blue. 

For  the  demonstration  of/a(  in  blood  from  a  Snger  prick,  cover-glass  preparations 
dried  in  the  air  should  bo  stained  for  twenty-four  hours  in  one-per-cent  aqueous  solu- 
tion of  oamic  acid.  To  avoid  numerous  sources  of  error,  a  control  preparation  should 
he  previously  placed  in  chloroform  for  twenty-four  hours  to  dissolve  the  fat,  and  two 
specimens  carried  logeiber  through  the  osroic  acid.  In  the  one,  black  fat  droplets  will 
be  Been,  which  should  be  entirely  absent  in  the  other. 

70BEION  BODIES  QT  THB  BLOOD. 

Varions  bodies  n-hich  do  uot  belong  there,  aside  from  those  above 
mentioned,  may  find  access  to  the  vessels  and  mingle  with  the  blood. 
Pus  cells  may  get  into  the  blood  from  the  opening  of  an  abscess  into  a 
vessel  or  from  some  inflammatory  change  in  its  walls.  Desquamated 
endothelial  cells  from  the  vessel  walls,  either  in  a  condition  of  fatty  de- 
generation or  in  various  stages  of  proliferation,  may  be  mingled  with  the 
normal  blood  elements;  also  tumor  cells  of  various  kinds,  fragments  of 
disintegrated  thrombi,  portions  of  heart  valves,  etc.  Crystals  of  bili- 
rubin have  been  found  in  the  blood  iu  icterus. 

Pat,  in  a  moderate  amount,  is  a  normal  ingredient  of  the  blood  during 
digestion  and  in  lactation.  L'nder  pathological  conditions  it  may  occur 
iu  lai^er  and  smaller  droplets.  This  lipiemia  occurs  as  a  result  of  deficient 
oxidation,  in  diabetes,  in  drunkards,  and  iu  some  cases  of  dyspntea  from 
various  causes.     The  droplets  are  small  and  liable  to  escape  obser^-ation. 
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In  many  cases  of  injurj',  particularly  in  crushing  fractuj 

bone,  tbe  fat  of  the  marrow  finds  its  way  into  the  blood,  and  i 

lect  in  large  drops  in  the  vessels  of  the  lungs,  forming  the  sol^^K/af 
embt^i  (Fig.  13,  p.  75);  or  it  may  pass  the  lungs  and  form  emboli  in 
other  parts,  as  the  brain,  kidneys,  etc.  Fat  embolism  in  eclampsia  is  of 
occasional  occurrence. 

The  fat  may  be  absorbed  from  the  vessels,  having  produced  little  or 
no  disturbance;  or  in  some  cases  it  may  produce  serious  results  by  the 
stoppjtge  of  a  large  series  of  vessels  in  the  lungs,  brain,  or  other  parts  of 
the  body.' 

Tissues  and  organa  whoae  blood-vessels  are  suspected  to  coDtaia  fat  droplets  should 
be  fixed  witL  osmlc  acid,  wbich  stains  fat  black.  Sections  without  further  atainla^ 
niay  be  mounted  in  glycerin. 

Air,  as  a  result  of  an  opening  in  the  veins,  Is  of  occasional  occurrence. 
If  the  amount  of  air  be  small,  it  appears  to  be  readily  absorbed,  and  does 
little  or  no  harm.  If,  on  the  other  hand,  a  large  quantity  is  admitted  to 
the  veins  at  once,  it  collects  in  the  right  side  of  tJie  heart,  from  which 
the  contractions  of  the  organ  are  unable  to  force  it  in  any  considerable 
quantity,  and,  the  supply  of  blood  being  thus  cut  off  from  the  lungs, 
death  very  quickly  ensues.  The  blocking  of  the  smaller  pulmonary  ves- 
sels and  of  the  vessels  of  the  heart  with  air  bubbles  may  also  hasten 
death.  It  is  especially  from  wounds  of  the  veins  of  the  neck  and  thorax 
that  the  accident  is  most  apt  to  occur.  But  it  may  be  due  to  tbe  intro- 
duction of  air  intfl  the  uterine  veins  in  intra-uterine  injection,  or  in  the 
removal  of  tumors.'  One  should  remember  in  this  connection  that  in- 
fection with  bacillus  aerogenes  gives  rise  to  gas  bubbles  in  the  blood-ves- 
sels, as  well  as  in  other  tissues  (see  page  267). 

Paraiitei  and  Other  Foreign  Bodies  in  the  Blood, — The  occurrence  of 
animal  and  vegetable  parasites  is  considered  more  in  detail  in  parts  of 
this  book  devoted  to  these  oi^anisms.  It  will  suffice  to  mention  here 
that  the  more  important  of  the  animal  parasites  of  the  blood  are:  Tbe 
malarial  parasite,  trypanosomata,  and  FUaria  sanguinis  hominis. 

The  various  forms  of  bacteria  which  may  t>e  found  in  tbe  blood  will 
be  considered  in  parts  of  this  book  in  which  these  organisms  are  treated 
in  detail.'     Parenehyma-cell  emboli  are  considered  on  page  76. 

'  For  rhumi  of  this  aubiert  with  bibliography,  consult  Wekh  in  article  on  Embol- 
ism in  Allbutt's  "System  of  Medicine."  vol.  vl.,  p.  258. 

'IfeicA,  iftid..  p,  254. 

'  For  methods  and  results  of  bacterial  studies  of  the  blood,  with  bibliography,  con- 
sult K&fiiuiu.  Zeit.  f.  Hygiene,  Bd.  xxv..  p.  493.  1897;  Jim-enbtrgcr,  Am.  Jour.  Med. 
Sciences,  1903.  p.  234. 
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Qeneral  Diseases  Involving  the  Blood  and  Blood-Formlng 
Organs. ' 

There  is  a  group  of  diseases  in  which  the  essential  lesiou  seems  to  be 
an  altenvtion  iii  tlie  composition  of  t)ie  blood,  althougli  in  some  members 
of  the  group  other  lesions  are  also  present.  This  group  embraces  Chlor- 
osis, Secondary  and  Pernicious  Ansemia,  Leuksemia,  and  Pseudo- 
leukiemia. 

CHLOBOSIS. 

Chlorosis  is  a  disease  of  the  blood,  attended  with  a  diniinntiou  in  the 
htemoglobin,  and  usually  in  the  number  of  the  red  blood  cells. 

Of  the  essential  element  in  the  incitement  of  this  disease  and  of  the 
exact  method  of  its  origin  we  are  ignorant.  The  condition  has  been  at- 
tributed to  congenital  hypoplasia  of  tlie  heart  and  blood -\'essel8,  to  pro> 
longed  malnutrition,  to  intestinal  intoxiesition,  and  to  functional  dis- 
turbance of  an  unknown  nature  in  the  blood -producing  oi^ns. 

In  the  mildest  grade  of  chlorosis  the  only  change  to  be  ol>served  is  a 
diminution  of  hienioglobin.  In  seierer  forms  may  be  added  a  diminution 
in  number  and  moderate  variations  in  size  and  shape  of  the  red  cells.  In 
very  severe  and  relai)sing  eases  the  hemoglobin  may  be  excessively  de- 
creased; the  red  cells  may  number  less  than  two  million  per  cubic  milli- 
metre, and  the  average  size  of  the  cells  be  less  than  noi-mal.  The  leucocytes 
are  not  inci-eased  in  number.  There  may  be  a  slight  relative  increase  of 
the  lymphocytes ;  megaloeytes,  microcytes,  and  i>oikilooyte8  may  appear 
(see  Plate  II.,  Fig.  2). 

The  specific  gravity  of  llie  blood  is  diminished;  the  alkalinity  of  the 
blood  and  serum  is,  as  a  rule,  diminished  slightly,  while  the  power  of 
coagulation  i-emains  normal.  Even  in  cases  of  considerable  severity  the 
degenerativechangesin  the  viscera  cbaracterizing  other  forms  of  anieniia 
ha^e  been  found  wanting,  although  d^enerative  changes  in  the  red  cells 
may  occar  in  accordance  with  the  severity  of  the  disease.  The  liver  does 
not  contain  an  excess  of  iron,  and  the  urine  is  free  from  pathological 
urinary  pigments. 

The  regeneration  of  the  blood  in  chlorosis  under  rest  and  treatment 
with  iron  may  usually  be  rather  promptly  effected  by  increased  activity 
of  the  i-ed  mari-ow  which  is  probably  hyperplastic.  This  regenerative 
process  may  be  indicated  in  the  blood  by  the  periodical  appearance  of 
considerable  numbers  of  normoblasts.  The  appearance  of  thete  nucleated 
I'ed  cells  may  be  accompanied  by  a  moderate  increase  of  leucocytes,  both 
mononuclear  and  polynuclear.     Myelocytes  also  may  rarely  be  seen. 

■  For  a  full  rtiacusslun  of  the  subjects  treated  in  tlils  chapter  the  reader  is  referred 
to  Von  yiti/rden.  ''Blciciisueht."Nothnajrers"Spec.  Path.  u.  Tlierap.";  and  lo  EhHieh 
and  Liiiarua.  "Die  Anffimie,"  Kotlinagel's  "Spec.  Path.  u.  TLerap." 
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SECONDABT  AKAMIA. 

While  chlorosis  may  be  considered  usually  a  disease  of  adolescence, 
aud  while  its  occnrrenoe  is  almost  wholly  couflued  to  the  female  sex, 
there  is  another  type  of  blood  change  which  seems  iMSit  classified  under 
the  heading  of  secondary  anaemia,  and  which  is  independent  of  sex  or 
age.  The  determining  agents  are  either  of  a  general  nature,  such  as  poor 
food  and  bad  air,  or  they  are  actual  diseases,  or  they  may  be  intestinal 
parasites,  or  finally  chronic  poisoning.  Among  those  diseases  which  are 
likely  to  induce  a  well-defined  anaemia  we  may  mention  prolonged  sup- 
puration, diseases  of  the  stomach  and  intestines,  malaria,  syphilis,  and 
malignant  tumors.  The  intestinal  parasites  are  chiefly  the  Aukylostoma 
duodeuale  and  the  Bothriocephalus  latus.  The  poisons  are  lead  and, 
more  rarely,  arsenic.  The  alterations  which  are  apparent  on  examining 
the  blood  are  I'ery  variable,  depending  upon  the  agent.  The  haemoglobin 
is  regularly  diminished  to  a  greater  per  cent  than  the  red  cells;  it  may 
fall  as  low  as  15-20  per  cent ;  the  re<l  cells  rarely  fall  below  one  million, 
yucleated  red  cells  of  the  uonnoblastic  type  are  frequent  in  the  se\'ere 
cases ;  megaloblasis  are  not  found  except  in  the  most  advanced  cases,  and 
then  in  small  nujnbers.  As  a  rule  the  average  diameter  of  the  i"ed  cells 
is  slightly  below  normal,  with  a  moderate  poikilocytosis.  Granular  de- 
generation is  present  to  a  variable  extent  in  the  red  cells  except  in  malaria 
aud  lead  poisoning,  when  it  is  the  rule.  In  the  aniemias  produced  by 
the  intestinal  worms  the  blood  picture  may  be  that  of  pernicious  aniemia, 
with  a  great  increase  In  the  size  of  the  cells  and  the  appearance  in  the 
blood  of  numerous  megaloblasts,  thus  forming  an  exception  to  the  general 
rule  that  the  blood  of  secondary  ansemia  is  normoblastic  iu  type.  The 
leucocytes  are  increased,  as  a  rule,  in  cases  dne  to  suppuration  and  to 
tumors ;  in  other  forms  there  is  usually  but  little  change  in  the  number, 
though  it  is  impossible  to  formulate  a  general  rule  (Plate  II.,  Fig.  3). 

PEBNICIOtrS  ANJEMIA. 

Pernicious  antemia  is  a  disease  of  the  blood  and  blood-forming  organs, 
characterized  by  excessive  destruction  associated  with  defective  produc- 
tion of  red  cells. 

The  exact  relation  of  the  factors  concerned  in  the  causation  of  the 
disease  has  not  been  determined.  It  may  be  said,  however,  that  while 
very  rapid  cases  of  pernicious  aniemia  have  been  observed  unaccom- 
panied by  the  usual  lesions  in  the  bone  marrow  associated  with  defective 
hxmatogenesis,  the  disease  seems  not  to  exist  without  excessive  hiemato- 
lysis. 

Pernicious  ansemia  may  probably  originate  as  a  primary  disease  of 
the  blood  or  bone  marrow,  but  many  cases  apparently  primary  have 
been  shown  at  autopsy  to  be  secondary  to  such  cx>nditions  as  cancer, 
uftphritis,  tuberculosis,  atrophy  of  the  gastric  mucosa,  or  the  presence  of 
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parasites  in  the  blood  or  iutestiue.  The  studies  of  Hunter  indicate  that 
the  destruction  of  the  blood  may  in  some  cases  result  priaciimlly  iu  the 
portal  circulation  and  particularly  in  the  spleeu  from  the  action  of  toxic 
snbstauces  absorbed  from  the  iutestiues.  Whatever  its  origin,  the  dis- 
tiuguisliing  feature  of  pernicious  aiuemia  is  the  fact  that  the  aiiKraia  is 
entirely  disproportionate  to  any  apparent  cause,  and  when  once  estab- 
lished tends  to  progress  to  a  fatal  issue. 

The  essential  lesion  is  aii  extreme  and  progressive  diminution  in  uum- 
bei'  itud  very  great  variation  in  size  and  form  of  the  red  blood  cells  (as 
shown  in  Plate  II.,  Fig.  4).  Nearly  constant  is  a  widely  distributed 
lesion  of  the  bone  marrow,  in  which  the  uornial  nucleated  red  cells  are 
partly  i-eplaced  by  an  excessive  number  of  larger  nucleated  corpuscles  or 
megaloblasts,  witli  atrophy  of  fat  cells.  The  destruction  of  hiemoglobinis 
followed  by  a  couaiderable  deposit  of  iron  in  the  liver,  spleen,  marrow, 
and  other  organs,  and  by  the  api^earance  of  abnormal  pigment  in  the 
urine.  The  prolonged  anuemia  may  be  accompanied  by  fatty  degenera- 
tion in  the  viscera,  especially  of  the  liver,  kidueys,  and  heart  muscle. 
As  a  combined  result  of  fatty  changes  in  the  arterial  walls  and  of  the 
diniiuutiou  in  albuminous  ingredients  and  iu  the  coagulability  of  the 
blood,  hiemorrhages  in  various  parts  of  the  body,  especially  the  retina, 
are  of  fretpient  occurrence.  Disseminated  areas  of  sclerosis  in  the  spinal 
cord  have  been  described  and  regarded  as  the  result  of  minute  haemor- 
rhages iu  this  region. 

In  the  blood  the  red  cells  are  usually  reduced  to  less  than  two  million 
and  often  to  half  a  million  per  cubic  millimetre.  Of  the  remaining  cells 
a  considerable  percentage  may  be  abnormally  large  (megalocytes),  or 
verj'  small  (microeytes).  Cells  of  very  irregular  shai>e  are  often  present 
in  abundance  (poikilocytes)  {Plate  II.,  Fig.  4).  The  quantity  of 
hiemoglobin  in  the  majority  of  the  cells  is  usually  increased,  but  may  be 
diminished  in  a  certain  proportion  of  cells,  which  then  resemble  those 
found  in  chlorosis.  The  "hieraoglobin  index" — that  is,  the  relation  of 
the  total  percentage  of  hjemoglobin  to  the  total  immber  of  cells — ^inay  be 
normal  wheu  a  deficiency  of  haemoglobin  in  ouc  cell  is  counterbalanced 
by  a  proportionate  excess  in  another. 

A  variety  of  degenerative  changes  in  the  red  cells  are  commonly 
present,  including  especially  those  alterations  in  the  staining  reactions  of 
the  protoplasm  known  as  potyehromatophUia  and  granular  degeneration. 
In  the  first  the  cell  stains  a  more  or  less  uniform  blue  with  methylene 
blue ;  iu  the  second  the  cells  contain  granules  which  give  a  strong  baso- 
philic staining  reaction. 

Nucleated  red  cells  of  nonnal  size  (normoblasts)  are  of  frequent  oc- 
currence in  the  blood  of  well-established  pernicious ansemia.  Abnonnally 
large  nucleated  red  cells  (megaloblasts)  are  a  nearly  constant  element 
and  are  of  great  diagnostic  importance,  as  they  indicate  the  presence  of 
a  grave  lesion  in  the  bone  marrow.  They  are  rather  more  abundant 
than  the  normoblasts  in  well -developed  cases. 

Megalocytes  and  megaloblasts  usually  show  an  excess  of  haemoglobin, 
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may  exhibit  amceboid  movemeut,  anil  have  uo  teudeiicy  toward  the 
formation  of  rouleaux.  Extremely  large  nucleated  red  cells  (giganto- 
blasts)  are  frequently  found  iu  ad\'anced  eases,  aud  in  these  cells  as  well 
as  in  the  megaloblasts  the  nuclei  mny  be  I'ai'ely  seen  in  various  Btages  of 
normal  or  pathological  mitosis.  "Blood  crises,"  by  which  is  indicated 
the  appearance  of  large  numbers  of  uornio-  or  megaloblasts  in  the  ciicu- 
lation,  may  occur  in  pernicious  antemia,  but  it  must  be  remembered  that 
the  blood  picture  in  auy  se\ere  an£emia  varies  much  from  day  to  day 
without  any  marked  alteration  iu  the  general  condition  of  the  patient. 
In  the  absence  of  complications  producing  leucocytosis  in  i>ernieious 
anfemia,  the  leucocytes  are  iLsually  diminished  iu  number.  Thei'e  is  a 
relative  increase  in  the  number  of  lymphocytes,  and  usually  a  few  myelo- 
cytes may  be  found. 

A  very  rare  \ariety  of  a  rapidly  fatal  form  of  aniemia  has  been  de- 
scribed in  which  the  number  of  red  cells  is  diminished  without  the  blood 
showing  the  changes  characteristic  of  pernicious  anjemia.  The  bone 
marrow  iu  these  cases  has  been  found  to  l»e  fatty  instead  of  hyperplastic 
as  in  the  lypicjvl  marrow  of  pernicious  amemia.  It  has  been  suggested 
that  the  bone  marrow  for  some  unknown  reason  had  not  responded  to  the 
call  made  upon  it  by  the  rapid  hrematolysis  taking  place  in  the  disease, 
and  therefore  did  not  undergo  the  megaloblastic  changes  so  character- 
istic of  the  bone  marrow  in  well-marked  esises  of  pernicious  anemia. 


LEUBJEMIA  (LETJCOCTTttailllA}. 

Leukceinia  is  a  disease  in  which  the  characteristic  changes  are  an  alter- 
ation in  the  relative  pi-oportions  of  the  different  leucocytes  of  the  blood, 
with  usually  an  increase  iu  their  number,  and  the  appearance  of  certain 
forms  not  seen  in  the  circulation  under  normal  conditions.  The  red  cells 
are  diminished  in  number  and  abnormal  forms  apj>ear  iu  the  blood. 
Accompanying  these  alterations  in  the  circulating  blood  are  changes  in 
the  bone  marrow;  less  often  in  the  spleen  and  in  the  lymph-nodes.  Its 
iucitiug  factors  are  still  unknown.  Leuktemia  may  be  classeil  in  three 
types,  which  are  fairly  well  defined  clinically  and  morpholt^cally,  but 
between  these  there  exist  many  transitional  forms,  especially  from  the 
point  of  view  of  the  morphology  of  the  blood.  These  tbi-ee  tyjws  are  the 
acute  and  the  chronic  lymphatic  leukfemia  and  chronic  myelogenous 
leukiemia  (spleno-myelogenons),' 

Acnte  Lymphatic  Lenksemia  is  a  disease  resembling  clinically  an  acute 
infection,  with  a  rapidly  increasing  ansemia,  enlargement  of  the  lymph- 

'  A  number  of  acute  cases  have  been  reported,  in  wliicli,  lieside  tlie  iympliatic  forma 

ETCvulent  in  the  blood,  moDonuclcai'  cells  cimlaiuing  neiitroptiilu  graiiiik'S  wti'e  present 
1  moderate  uuinl>ers,  and  a  claim  lias  been  miide  for  ii  clluical  type  of  acute  niyeloge- 
DOuB  leiiktemia,  but  in  view  of  tlic  fuct  that  tlie  morpholu^'y  of  the  blood  varies  greatly 
a  few  days  before  death,  and,  especially  us  it  U  a  matter  of  cxpericnt'c  that  tlie  lympho- 
cytes in  acute  lymphatic  Icukiemia  are  often  very  greatly  diminished  toward  the  term!- 
nation  of  the  oiswase.  it  would  seem  improper,  from  our  presi'nt  knowledge,  to  class 
these  cases  as  acute  myelogenous  Icuknmia,  For  an  excellent  discussion  of  the  Hubject 
see  BUlingi  and  C'lippt,  Am,  Jour,  of  the  Med.  Scieoces,  1903,  vol.  cxxvi.,  p.  8*5. 
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nodes  08  a  rule,  and  a  moderate  increase  in  the  size  of  the  spleen  and 
Ii\er,  Cases  are  on  record,  however,  in  which  there  was  no  enlargement 
of  the  Bpleen  or  lymph-nodes. '  The  blood  ehanges  ai-e  very  character- 
istic. The  red  cells  diminish  i-apidly  in  numbers,  uonuoblasts  are  pres- 
ent, and  the  leucocytes  are  increii^ed  though  usually  t>elow  100,000.  The 
forms  present  are  chiefly  lymphocytes,  either  large  or  small,  the  large  as 
a  rule  predominating.  The  bone  marrow  is  altered  to  a  ti-ssiie  showing 
lai^e  numbers  of  lymphocytes,  the  so-called  lymphoid  hyperplasia,  which 
often  extends  to  the  lymphoid  tissue  in  the  visoera. 

Chrouc  Lympltatlc  Lenksmia, — The bloodshowsa  severeaneemia  with 
great  increase  in  the  lymphocytes.  The  smalt  forms  of  the  lymphocytes 
are  most  abundant,  in  coiitnidistinctiou  to  the  acute  tyi)e  of  the  disease 
in  which  the  large  forms  are  usually  in  excess.  The  lymph-nodes  and 
spleen  are  usually  enlarged;  the  bone  marrow  is  in  a  condition  of  lym- 
phoid hyperplasia,  aud  there  are  lymphoid  infiltrations  in  the  various 
organs  (see  Plate  II.,  Fip.  5). 

Ouronic  Hyelt^enoTii  Leukemia. — The  hlood  shows  a  severe  anteinin, 
rarely  of  a  pernicious  type,  with  marked  quantitative  and  qualitative 
changes  in  the  leucocytes.  The  increase  in  number  of  white  cells  may 
be  to  more  thau  one  million  per  cubic  millimetre.  Myelocytes,  both 
neutrophilic  and  eosinophilic,  are  quite  constantly  present  in  considei-able 
n«mt>ers,  Tliey  may  form  a  large  proportion  of  the  leucocytes  present. 
Basopbile  cells  are  very  abundant  in  cases  of  long  dnnition,  especially 
the  type  with  polymorphic  nuclei,  myelocytes  with  basophilic  granula- 
tions t>eing  rare.  In  rapidly  udvai'ciug  cases  mitoses  may  be  rarely  seen 
ill  the  red  cells  aud  in  the  lencocytes  (see  Plate  II.,  Fig.  5). 

The. pathological  forms  of  leucocytes  in  myelogenous  and  lymphatic 
leiiktemias  have  little  or  no  anireboid  motion.  This  explains  the  inter- 
esting fact  that  the  pn.H  from  an  absces.H  in  a  leuktemic  subject  contains 
only  the  polynuclear  nentro])liile  cells  found  in  such  exudates  iu  persons 
with  a  normal  blood  condition.  In  acute  infections  also,  the  nimiber  of 
myelocytes  present  in  the  circulation  may  be  greatly  induced  and  the 
blood  may  even  lase  the  cell  forms  characteristic  of  leukieraia,  the  myelo- 
cytes being  replaced  by  the  ordinary  polynnclear  lencocytes  of  normal 
type. 

The  same  condition  maybe  seen  in  mild  cjises,  which  may  under  treat- 
meat  reach  a  point  iu  which  it  is  difiioiilt  to  make  a  diagnosis  fi-om  the 
blood  alone. 

Iu  this  connection,  it  mu-st  be  remembered  that  the  blood  picture  in 
pernicious  aiifemia  aud  the  leukiemias  is  a  very  variable  one.  As  a  rule, 
more  than  one  examination  is  neces-sary  for  a  certain  diagnosis,  and  it 
must  not  be  forgotten  that  occasionally  a  case,  apparently  of  pernicious 
ameinia,  may  go  on  to  a  typical  lymphatic  or  myelogenous  leuksemia. 

In  myelogenous  leukaemia  there  is  hyperplasia  of  the  bone  marrow, 

'  Sue  Selkff.  Uuiversity  of  Pennsylvania  Medical  Bulletii),  1908.  p.  370. 


Digitized  by  Google 


390  THE  BLOOD   AND   THE  BI.OOD-FOHMING   ORGANS. 

which  usually  fills  tlie  shafts  of  the  long  boues  with  a  firm,  pinlt  mass 
composed  lai^ly  of  myelocytes.  This  hyperplasia  may  involve  the 
whole  bone  marrow  of  all  tlie  loug  bones,  or  it  may  be  confined  to  irregu- 
lar, scattered  areas,  so  that  one  should  be  critical  in  accepting  reports  of 
cases  of  leukemia  without  boue-niarrow  changes.  The  other  organs  show 
hypei'plasia  of  lymphoid  tissue,  often  e8|>ecially  well  marked  in  the 
gastrointestinal  tract,  while  scattered  through  the  spleen  are  often  seen 
Bunieroiis  small  arejis  containiug  myelocytes. 

There  Is  some  re:ison  to  think  that  in  the  spleen,  for  instance,  some 
multipliciition  of  the  cells  goes  on  iii  the  so-called  "marrow  cell  or 
myeloid  metastases."  The  same  change  maj'  rarely  be  seen  in  the  liver 
and  lymph-nodes.  In  the  blood,  spleen,  and  marrow,  after  death,  elon- 
gated octahedral  crystals  (called  Charcot -Leyden  ciystals)  are  occasion- 
ally found.  Hsemorrliages  into  the  serous  and  mucous  membranes  and 
the  retina  are  quite  frequent,  especially  the  latter,  and  fatty  degeneration 
of  the  viscera  is  a  quite  constant  expression  of  the  impoverished  condi- 
tion of  the  blood.  For  more  detail  concerning  the  lesions  of  the  organs, 
see  chapters  on  spleen,  lymph -nodes,  bones,  etc. 

PSX:tn>0-L£UE.SHIA.    ("Hodgkin'a  Disease,"  "Adenie.") 

Under  this  term  it  has  been  customary  to  desciibe  a  rather  hetero- 
geneous gi-oup  of  cstses  cbariicterized  by  progressive  auicmia,  by  hjper- 
plasia  of  the  lymph-nodes  and  nodules,  with  an  occasioual  but  by  no 
means  constant  in\'olvement  of  the  .spleen,  liver,  and  bone  marrow,  and 
by  new  growths  of  lymphatic  tissues  in  many  paits  of  the  body.  While 
anieinia  of  moderate  or  scvei^e  grade  is  very  constantly  pi"eseut  in 
this  disease,  the  increase  of  leucocytes  characteristic  of  leukaemia  is 
wauting. 

Of  the  exact  nature  of  the  disease  (if  it  l>e  a  single  diseiise)  very  little 
is  definitely  known.  The  enlargement  of  the  lymph-nodes  is  in  typical 
cases  due  to  simple  hyperplasia^  The  blood  changes  may  ]>resent  the 
type  of  pernicious  ansemia,  and  lu  well-aidheuticated  cases  the  condition 
has  developed  into  true  leukEemia.  Becent  evidence  favors  the  belief  that 
some  cases  classed  under  this  heading  may  be  of  au  infectious  character,' 
one  of  the  most  frequently  observed  agents  being  the  tubercle  bacillus. 
Cases  of  primary  sarcoma  of  the  lymph-nodes  have  been  described  as 
cases  of  pseudo-leuktemia. 

The  condition  found  at  autopsy  varies  greatly  according  to  the  distri- 
bution and  character  of  the  new  growtlis  of  lympliatic  tissue.  The  lym- 
phatic nodules  involved  may  be  principally  limited  to  the  subcutaneous 
connective  tissue  (dermal  type).  Or  the  lymph-nodes  of  the  pharynx 
and  neck  may  be  chiefly  involved  (tonsillar  type).  Or  the  axillary  or 
inguinal  or  mediastinal  or  retroperitoneal  grouiis  may  be  involved.     A 

iii..  ^ _  .. 

TSDia  Huapitui,  No.  1,  1908,  p.  4. 
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Romewbat  characteristic  coiiditiou  is  produced  by  hyperplasia,  often  fol- 
lowed by  ulceratioii,  of  the  lymph-nodiiles  of  tlie  gastro-iutestinal  tract 
(iutestiual  type).  The  hyperplastic  lymph-DOdes  may  be  isolated,  or 
they  niay  be  joined  to  form  large  lobulate<l  masses.  The  enlarged  Ij-mph- 
nodules  may  in  tlie  intestine  project  far  into  the  lumen  in  spheroidal  or 
polypoid  form,  and  are  sometimes  dark  in  color  as  the  result  of  the  de- 
coniposittou  of  hemoglobin  of  extra\asjited  blood  in  the  congested 
mncous  membrane  covering  the  nodules.  Hyperplasia  of  the  thymus  has 
been  described  iu  association  with  the  lesions  of  the  lymph-nodes.'  A 
distinct  sub-variety  is  that  which  terminates  in  leukemia.  Iu  general 
any  of  the  lymph-uodcs  or  collections  of  lymphoid  tissue  may  be  iu- 
volvcd,  and  nesirly  eveiy  region  has  been  a  site  of  origin  for  the  new 
growths  of  lymphoid  tissue,  so  that  a  great  variety  of  combiuatious  may 
be  seen. 

The  leucocytes  iu  (he  blood  may  be  slightly  increased  or  diminished, 
aiid  in  either  c:ise  the  mouonucleiir  forms  ai'e  usually  in  excess.  Myelo- 
cytes have  been  obser\e<l  in  moderate  percent^:e,  but  never  in  such  pro- 
portions as  in  leukfcmia.* 

AN^HIA  IHFANTTTU  PSEUBO-LEUKABQCA  (von  JakBch). 

This  is  a  somewhat  ijeeuliar  form  of  ameinia  occurring  in  children, 
and  characterized  by  prc^ressive  ausemia,  by  a  considerable  increase  of 
leucocytes,  by  enlargement  of  the  spleen  and  liver,  and  often  by  hyper- 
plasia of  the  lymph-nodes. 

By  some  authorities  it  is  regarded  as  an  early  stage  of  leukieniiii,  by 
others  as  a  form  of  secondary  anemia  following  rachitis,  tubercnlosl.'i,  or 
syphilis. 

The  histolt^cal  cbsuiges  in  the  blood-fonuing  organs  are,  so  far  as  is 
known,  very  similar  to,  but  less  pronounced  than,  those  of  lenksemia. 

I  Bn'giiliii  mid  Picroli,  Ziegler's  Beitr.  /.  pftth.  Anat.,  B(l.  xvi.,  p.  888. 
F.  Gf'it/iert.  Vircli.  Arrti.,  IJil.  exliv..  1896.    SiipplemeDiht'ft.  p.  1 
'Consult  Monte  and  JJerr/frrutt,  "Die  clironischc  ADtemiud.  Kiiid< 
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CHAPTER  11. 

THE  liTMFH-NODES. 

Qeneral  Characteristics  of  the  LTinpli-Nadei. 

It  is  well.  In  studying  the  lesions  of  tlic  lympU-uoiks,  to  remember  that  they  are 
'  structures  so  placed  iu  llie  course  of  the  lymph- vessels  tliat  liie  lymph,  in  flavv-in{{ 
to  waM  the  larger  ceil  I  ral  trunks,  passes  through  them,  undergoing  a  sort  of  flllration 
as  it  iKrcolules  through  the  trabecule  of  the  lymph  sinuses.  If  this  fact  be  borne  in 
mind  tiie  lesions  of  the  lympli-nodes,  which  are  In  the  majority  of  eases  secondary,  ore 
much  more  readily  uoderstood.  Hirtleles  of  pigment,  cells  from  malignant  tumors, 
fragments  of  dead  or  disintegrating  cells  either  free  or  within  phagocytes,  red  blood 
cells,  bacteriu,  etc.,  which  in  any  way  get  into  the  lymph- vessels,  are  carried  along 
until  a  lymph-node  is  reached,  and  here  they  are,  in  part  at  least,  deposited  among  the 
tnibeculs  of  the  sinuses,  or  are  taken  up  by  pliagoeytie  cells,  while  the  lymph  passes  on 
and  out  of  the  elTerent  vessels.  Soluble  tovic  siihstancesalsoarc  carried  into  the  lymph 
nodes,  often  Inciting  marked  and  signihcant  nlicrations,  > 

What  is  called  lymph/ilic  limue  embraces  not  only  the  so-called  lyniph-glanda  and 
the  less  complex  hut  still  welt-detlnetl  structuna  found  In  the  stomaeh,  intestines,  ton- 
sils, and  elsewhere,  and  called  lymph  follicles  but  als"  the  less  wcll-deflued,  irregular 
masses  of  tissue  resembling  that  of  l^mpli  follicles  which,  as  Arii'M  has  shown  (Vir- 
chnws  .dilute,  Bd.  Ixxx.,  p.  315;  Bel  hxxii  p  394  B<1.  Ixxxiii.,  p,  289:  Bd.  Ixxxvii., 
p.  114).  is  widely  disseminate<l  iu  vonablc  amounts  m  different  parts  of  the  body;  iu 
the  lungs,  beneath  tiie  pleiim.  in  the  Interlobular  stplu.  and  elsewhere;  in  the  liver, 
kidneys,  etc.  Although  the  exact  nature  of  thtic  more  diffuse  masses  of  lymphatic 
tissue  Is  too  little  understood,  sa  indeid  is  that  of  the  lymph  follicles  and  glauds  them- 
selves, there  is  reason  to  Ndieve  that  they  are  analogous  structures  and  prone  to  he 
affected  by  similar  deleterious  agencies.  It  seems  better,  iu  view  of  the  fact  that  the 
so-called  lymph-glands  are  not  glands  at  all.  In  the  ordinary  sense  of  the  word,  to  call 
them  lymph-iiotleJt.  and  the  smaller  masses  of  tym])iiatic  tissue  scattered  tbrougb  various 
parts  of  the  biMly  lgmpk-iioduk»  instead  of  "  lymph  follicles.-" 


ATROPHTT. 

Atrophy  is  a  \ery  regular  occurrence  iu  old  age.  In  this  condition 
the  iio<lcs  jire  siuall,  haixl,  and,  iinle.'«  pigmented,  light  in  color.  Micro- 
scopical examination  shows  a  marked  diminution  in  the  nnuiber  of  par- 
enchyma cells,  while  the  reticulum  and  the  c^apsule  and  trabeculfe  may  he 
thickened.  There  may  be  au  aecumulatiou  of  fat  around  the  node  in 
senile  ati'Ophy. 

It  should  be  remembered,  in  this  counection,  that  the  lymph-nodes, 
as  well  as  the  lymphatic  tissue  in  general,  in  children  are  more  volumi- 
nous than  in  adults. 

n  normal  lymph-nodes  see  KiiWU;  JIUncli,  med.  Wochen- 
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DEOSNEBATION. 


Amyloid  Degeneration  of  the  blood- vt^ssels  and  reticulum  of  the  lymph 
nodes  occurs  mider  the  couditions  which  favor  this  change  in  general. 
It  may  occur  in  eoiiuecttou  with  amyloid  degeiienition  of  other  parts  of 
the  body,  or  by  itwilf.  It  may  occur  in  nodes  otherwise  normal,  or  iu 
those  which  are  the  seat  of  other  lesions — thus  in  simple  chronic  or  tuber- 
cnlons  iuflamniation.  It  is  frequently  found  in  the  mesenteric  lymph- 
nodes,  in  connection  with  waxy  degeneration  of  the  intestinal  mucous 
membrane. 

Hyalin  Degeneration  of  the  external  layers  of  the  smaller  arteries  and 
the  capillaries  and  reticulum  of  the  lymph-nodes  occurs  occasioually  iu 
old  age  or  in  connection  with  wasting  disenses. 

PiaUEHTATION. 

The  pigment  which  is  lery  frequently  found  in  lymph-nodes  maj  be 
derivetl  from  the  hiemoglobin  of  the  blood,  either  in  the  nodes themsche? 
or  in  remote  parts,  or  it  may  be  formed  of  various  materials  iutroiluced 


into  the  body  from  without,  such  as  the  pigments  used  iu  tattooing,  re- 
spired dust  particles  of  various  kinds— cosil,  stone,  ii-on,  etc.  (Fig.  20.1). 
The  pigment  particle-s  which  usually  first  lodge  in  the  lymph  sinuses, 
may  collect  here  in  large  qnantities,  either  in  the  reticulum  or  the  cells 
lying  in  its  meshes;  they  may  penetrate  the  follicles  and  cords  and  find 
permanent  lodgment  there.  They  usually  induce  a  greater  or  less  degree 
of  chronic  inflammation,  so  that  iu  extreme  cases,  such  as  are  frequently 
seen  iu  the  bronchial  lymph-nodes,  nothing  is  finally  left  of  the  node  but 
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a  more  or  less  deeply  pigmented  mass  of  dense  connective  tissue.  The 
function  of  ttie  node  may  be,  of  course,  in  tbis  way  partially  or  entirely 
destroyed.  The  pigment  in  these  cases  appears  to  reach  the  node,  in 
part  by  being  carried  along  free  in  the  lynijih  cnrrent,  in  part  through 
ti'ansportation  by  leucocj'tes  in  which  the  particles  have  become  enclosed. 
Pigmentation  of  the  nodes  is  most  marked  in  those  about  the  root  of  the 
lungs,  which  are  frequently  of  a  mottled  gray  or  a  blaek  color,  but  it 
may  occur  in  the  mesenteric  and  other  nodes.  Under  similar  conditions 
the  diffuse  lymphatic  structure  in  the  lungs  and  liver  may  be  pigmented. 


INFLAJCHATION. 

Acute  Inflammation  of  the  lymph-nodes  is  commonly  due  to  the  pres- 
ence of  pathogenic  micro-organisms  or  of  toxic  substances,  usually  bac- 
terial in  origin,  which  may  be  formed  iu  the  node  or  brought  to  it  in  the 


B  portliin  oCrnifoC  Ibp  mesMit^rli'  nodn.    A.  rapHilc:  I 
I  liH  meahiB  mauj  ]»rge  cells;  I',  portfcm  of  one  of  the  ( 
tlte  mentiisuf  lis  relloiilum, 

lymph  current  from  the  tributary  region  of  (he  body.  TJnderthese  con- 
ditions the  nodes  arc  usually  swollen,  reddened,  and  softer  than  normal, 
and  ai-e  often  the  seat  of  small  ba-nionJages.  One  or  all  of  the  nodes  of 
a  cluster  may  be  affected. 

Two-  forms  of  the  acute  inflammatorj'  process  may  conveniently  be 
recognized,  an  hypesplastic  and  an  ExrD.\.TiVE. 

In  the  II Y  PER  PLASTIC  form  a  microscopical  examination  shows  the 
lesion  to  be  largely  due,  in  addition  to  the  Iiyjierremia  and  hiemoiThage, 
to  a  proliferation  of  the  cells  of  the  node;  the  spheroidal  mononuclear 
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cells  of  the  nodules  ("  follicles  ")  and  cords,  and  especially  the  endothelial 
cells  of  tbe  lymph  spaces  (Fig.  304),  which  may  increase  iu  number  and 
exfoliate  to  snch  an  extent  as  to  fill  and  largely  distend  the  lymph 
sinuses.  These  endothelial  cells  often  contain  red  hlood  cells,  leucocytes, 
and  fragments  of  other  cells  (Fig.  205).  In  typhoid  fever,  as  well  as  in 
many  other  infectious  diseases,  ueci'osis  of  the  hyperplastic  tissue  is  com- 
mon (see  p.  229). 

After  simple  hyperplasia  of  the  lyniph-uodes,  resolution  readily  oc- 
curs. But  if  necrosis  have  taken  place,  such  areas  may  be  replaced  by 
fibrous  tissue. 

This  form  of  lesion  of  the  lymph-nodes  is  common.     It  may  occur  iu 
the  cervical  nodes  with  many  fonns  of  angina;  in  the  inguinal  nodes  iu 
connection  with  acute    infec- 
tious processes  in  the  extenml 
geuital   organs;    iu  the  axilla 
with  infectious  processes  iu  the 
hand,  arm,   or  bi'east ;   in   the 
mesenteric  nodes  with  infection 
or  intoxication  of  intestinal  or 
other  origin.     Similar   lesions         -r^    jpi^  ^ 
occur  iu   the    solitary   lymph       i     •    V  i.' '      "vi| 
nodules  and  Peyer's  patches  of       \  , 

the  intestine  (Fig.  206).  "v-**-  ' 

In   EXL'DATIVK   OF  SlippUfth       fio.   aB.-KNi 

fife  forms  of  inflammation  of 
tbe  lymph-nodes,  iu  addition 
to  the  simple  hyperpliistic 
changes  just  described,  there  are  emigration  and  collection  of  leucocytes, 
with  the  formation  of  more  or  less  fibrin  in  the  lymph  sinuses  as  well 
as  iu  the  interstic&s  of  the  nodules.  The  cai>sule  of  the  nodes  may  be 
infiltratetl  with  exudate.  With  these  clwiiges  there  may  be  necrosis  and 
softening  of  the  tissue  of  the  nodes  and  the  development  of  abscesses. 
Small  abscesses  may  coalesce,  and  thus  a  considerable  i>art  of  the  node 
is  converted  into  a  suppurating  necrotic  msiss — bubo.  Such  a  bubo  may 
open  externally  or  into  the  surrouuding  tissue  and  heal  by  granulation 
tissue  and  cicatricial  tissue ;  its  contents  may  l>c  absoi'bed  or  became 
diy  an<l  dense  and  calcified,  and  surrounded  by  fibrous  tissue.  Suppu- 
rative inflammation  of  the  lymph-nodes  often  occurs  in  conuection  with 
suppurative  pi-occsses  elsewhere,  in  pyiemia,  venereal  infection,  etc. 

The  lymph-nodes  of  children  are,  as  a  rule,  more  readily  involved  iu 
iufectious  processes  of  other  parts  than  are  those  of  adults. 

Chronic  Inflammation. — This  is  eliar.u^terized  by  the  increase  of  the 
CO uneetive-t issue  elements  of  the  node,  with  a  graxlual  and  commensurate 
disappearance  of  the  lymphoid  cells.  The  reticidum  of  the  follicles  and 
sinuses  becomes  fhiekeued  and  fibrous,  aud  iu  the  trabecnlie  and  capsule 
new  connective  tissue  is  fonned,  until,  iu  advauced  eases,  the  entire  node 
may  be  more  or  less  extensively  converted  into  a  mass  of  fibrons  tissue. 
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This  condition  is  very  frequently  seeo  in  the  lower  tracheal  and  in  the 
bronchial  nodes,  apparently  as  a  result  of  the  lodj^ment  in  them  of  re- 
spired pigment  particles;  but  it  may  occur  in  any  nodes,  either  as  a  result 
of  repeated  moderate  degi-ees  of  iuflaininatiou  or  from  causes  which  we 
do  not  know.  In  some  Ciises  the  nodes  are  greatly  enlarged  and  the 
new  tissue  contains  many  large  cells,  while  in  other  cases  the  connective 
tissue  is  dense  and  contains  but  few  cells  (Fig,  207).' 

Tabercnlons  Inflammation  may  be  local,  confined  to  the  nodes,  or  it 
may  occur  iu  couuectiou  with  general  acute  miliary  tuberculosis,  or  with 


F[(i.  Kft— HyrEftPi.Asr*  of  Pkyer'b  Patch  in  Tvphoid  Fkvek. 
Sboning  neu'-tui-mi'd  eadolbelUI  ceEls  Id  tbe  m«ahea  uf  (be  retlculu-  Usaue  betn'oen  am  blood-vetaels. 

tuberculous  inflammation  of  single  organs.  It  may  occur  iu  single  nodes, 
or  in  several  nodes  of  the  same  group,  or  in  groups  situated  in  diffei-ent 
parts  of  the  body.  In  its  simple  and  acute  fonu  there  may  be  iio  evi- 
dent change  to  the  naked  eye  in  the  appearance  of  the  nodes,  or  they  may 
I)e  l)e.spriukled  witb  small,  grayish -whito,  tinusluceut  spots.  Under  these 
conditions  the  nodes  may  be  reddened  and  soft,  or  swollen  and  denser 
tbau  normal.  In  more  advanced  form.s  of  the  lesion  the  tubercles  coalesce 
and  undergo  a  greater  or  less  -degree  of  cheesy  degeneration.  Under 
these  conditions  the  cheesy  areas  are  evident  to  the  naked  eye  as  moi*  or 
less  sharply  cireuuiscribed,  opaque,  whitisli  or  yellowish  area-H,  frequently 
surrounded  by  an  irregular,  more  translucent,  grayish  zone  of  tubercle 
tissue  which  mei>;es  insensibly  into  the  adjacent  tissue.  '  The  entire  node 
may  become  involved,  and  more  or  less  completely  converted  into  a 
cheesy  mass,  in  the  pcripheiy  of  which  a  zone  of  tul)ercle  tissue  may  or 
may  not  be  evident. 

Micros(ropicaIly  the  small  nodules  or  miliary  tubercles  are  seen  to 
consist  of  more  or  less  circumscribed  coUectious  of  small  spheroidal,  or 
more  frequently  larger  polyhedral  cells,  with  or  without  well-delined 
giant  cells.  They  usually  commence  to  form  in  the  follicles  and  lymph 
cords  of  the  nodes,  and  from  these  may  spread  and  involve  the  entire 
surrounding  tissue.  The  cheesy  degeneration,  which  here  as  elsewhere  is 
apt  first  to  involve  the  central  portions  of  the  tnbercl&s,  presents  the 
n  nnd  Eatzilndung  iIlt  LymplidrQseii,"  Zieg- 
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usual  appearauces.  Tubercle  ba«il)i  may  be  fouod  in  the  edges  of  the 
cheesy  areaii  or  iu  the  tubercle  tissue  about  them. 

Simple  iiiflammatoiy  changes  regularly  occur  in  the  periphery  of  the 
tubereles.  There  is  au  iucrease  of  cells  iu  the  lymph  siuuses  aud  follicles, 
and  a  more  or  less  marked  swelling,  and  apparently  a  proliferation  of  the 
cells  of  the  reticular  tissue  of  the  node.  In  cases  in  which  the  process  is 
chronic  there  is  often  marked  increase  of  the  connective  tissue  of  the 
nodes,  the  reticular  tissue  becomes  dense  and  fibrous,  and  the  trabeculffi 
and  capsule  are  thickened.  The  tubercles  themselves,  instead  of  under- 
going cheesy  degeneration,  may  become  fibrous  or  be  converted  into  a 
hyalin  material. 

The  cheesy  material  may  dry  and  shrink,  and  become  enclosed  by  a 
capsule  of  dense  coimective  tissue  and  become  calcified ;  or  it  may  soften, 
aud  thu.s  cavities  be  formed  in  the  nodes,  filled  with  grumous  material ; 
or  infiammatory  changes  may  be  induced  in  the  vicinity  of  the  nodes, 
leading  to  abscesses.     Ou  the  other  hand,  hyperplastic  infiammatiou  iu 


riG.   ai7.— CUBOXIi;  ISrUMU.TiON  Of   Bi;ONCHI*L  LVUPH-SfiDl. 

Sliovrlne  tibUlpmlfcm  of  llie  lymph  slatHes  and  ntrophj  of  tbe  limph-nodiiles  bj  the  riew-toraiHl  fonnertlve 

the  periphery  of  the  afi'ected  nodes  may  result  in  their  becoming  l>onud 
together  into  a  dense  nodular  mass. 

StROFULA. — Tuberculoiisiuflammation  of  the  lymph-nodes,  especially 
in  those  of  the  cervical,'  bronchial  (Plates  iii.  and  si.),  aud  mesenteric 
groups,  often  occurs  iu  children,  particularly  in  those  who  ai«  ill-nour- 
ished. Northrup  aud  Bovaird  found  iu  an  analysis  of  liOO  cases  of  tu- 
berculosis in  children  that  the  lungs  and  bronchial  lymph-nodes  \rere 

rvical  tuberculous  hmpli- nodes  kc  JJoird.  Annals  of  Sur 
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involved  iu  148.'  Sucli  persous,  iu  addition  to  the  lesiou  of  tbe  lymph- 
iiodes,  are  very  liable  to  suffer  from  chrouic  tubei'culous  aud  other  in- 
flammations of  tbe  mucous  membraues,  skin,  x>erio5teum,  joiuts,  and  the 
subcutaneous  and  other  couuective  tissues.  This  general  eouditiou  is 
known  as  scrofula,  aud  tbe  lesion  of  the  nodes  is  sometimes  called  scrofu- 
lous inflammation. 

Wiile  in  many  cases  the  portal  of  entry  of  tbe  tubercle  bacilli  is  uot 
evident,  and  the  lesions  often  present  the  appearance  of  hyperplasia  of 
tbe  lymphoid  tissue  with  cheesy  degeneration  and  the  formation  of  more 
or  less  dense  fibrous  tissue  rather  than  tbe  typical  characters  of  tubercu- 
lous tissue,  nevertheless,  miliary  and  other  forms  of  tuberculous  inflam- 
mation are  often  present  in  so-called  scrofula,  and  tubercle  bacilli,  while 
sometimes  ut>sent,  are  often  present  aud  virulent.' 

Tbe  necrotic  portions  of  such  cheesy  lymph-nodes  in  scrofula  may 
soften  and  break  down,  and  by  the  establishment  of  purulent  and  necrotic 
inflammation  about  them  abscesses  may  form  which  may  open  externally. 
These  abscesses  may  heal ;  but  usually  the  healing  is  difficult  and  slow, 
and  long -continued  suppurations,  frequently  with  the  development  of 
fistulfe,  are  very  common.  Instead  of  softening,  the  cheesy  material  in 
tbe  nodes  may  become  dry  and  bard  and  undergo  calcification. 

Generalized  Tubekoi'lou8  Lymphadenitis. — Several  cases  have 
been  reeoi-ded  of  extensive  tuberculous  by{>erplasia  of  the  lymph-nodes 
in  various  parts  of  tbe  body,  the  lesion  resembling  in  its  gross  characters 
that  of  pseudo- leukaemia.  Wliile  iu  some  of  these  cases  the  morphology 
of  the  lesions  is  characteristic  of  tut>erculosis,  in  others  the  new  tissue  is 
diffuse  and  consists  laigely  of  new-formed  small  spheroidal  and  poly- 
hedral cells  with  large  niultinuclear  cells  and  of  fibrous  tissue.  The  uew- 
formed  cells  may  undergo  necrosis.  Tlius  the  tubeieulous  nature  of  the 
lesion  is  not  always  plaiu  even  on  micrascopio  examination.  Animal 
inoculations  are  often  necessary  for  the  establishment  of  the  nature  of 
such  cases.' 

Syphilitic  Inflammation. — The  lesions  of  the  lymph-uodes  which  occur 
in  connection  with  syphilis  vary  greatly,  depending  upon  the  stage  of  the 
disease.  In  the  primary  stage  the  nodes  iu  the  region  of  the  seat  of  in- 
fection are  apt  to  present  the  lesions  of  an  oi'dinary  acute  inflammation, 
frequently  with  suppuration. 

In  the  secondary  stage  of  the  disease  the  nodes  of  other  i-egions,  neck, 
elbow,  axilla,  etc.,  are  often  swollen  and  hard.  Ou  microscopic  exam- 
ination there  may  be  an  increase  of  connective  tissue  in  the  capsule  "and 
trabeculfe,  but  tbe  chief  change  is  in  the  accumulation  in  the  follicles  and 
lymph  sinuses  of  larger  and  smaller  spheroidal  and  polyhedral  cells. 

'  For  a  consideration  of  tlie  significance  of  tuberculous  bronchial  lymph-nodes  in 
children,  consult  Northi-up,  New  York  Medical  Journal,  February  21,  1891;  also 
Boraird,  ibid..  July  1.  1898.     See  further,  reference  to  Marfan,  p.  448. 

'Forafiiil  bibliography  of  flcrofuk  flee  Cornet.  inNothnagers''8pecieller^lhologfe 
II.  Thewpie,"  Bd.  siv..  Tli.  iv.  For  a  study  of  variations  in  virulence  in  tubercle  ba- 
cilli in  scrofulous  and  other  tnliereulous  lesions  see  Ijirtigaii.  Jour.  Exp.  Med.,  vol.  vi. 

*For  a  study  of  this  form  of  tuberculosis,  consult  Orawder.  New  York  Medical 
Journal,  September  IStli  and  32d,  1900,  bibl. 
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The  reticular  tissue  may  be  tliiekened  aud  the  walls  of  the  blood-vessels 
iuiiltrated  with  cells.  lu  this  conditiou  the  uodes  may  remaiu  for  a  loug 
time,  uot  temling  to  form  abscess;  or  they  may  uudei^o  resolution 
tlirough  degeneratiou  aud  absorptioo  of  the  cells. 

lu  the  tertiary  stage  of  the  disease  the  nodes  may  be  the  seat  of  chronic 
inHamuuition  characterized  by  the  formation  of  gummata.  Under  these 
conditions  they  may  form  lai^e,  firm  nodular  masses  from  the  growing 
together  by  new  counective  tissue  of  several  altered  nodes.  The  gross  and 
microscopical  characters  of  gummata  of  the  lymph-nodes  are,  in  Uie  main, 
similar  to  those  iu  other  parts  of  the  body. 


ETFEBPLA8U.  OF  THE  LTHFH-XOBES.    (Lymphoma.) 

Iu  addition  to  the  cousiderableeulargcmentsof  thetymph-nodesin  ia- 
fiauimation  which  have  been  described  above,  they  become  enlarged  under 
a  variety  of  conditions  which  we  do  uot  understand.  This  lack  of  knowl- 
edge of  the  etiolt^y,  togeiher  with  our  ignorance  of  certain  functions  of 
the  IjTuph-nodes,  and  the  morphological  similarity,  or  even  identity, 
which  these  enlai^^  nodes  present  under  various  coiiditious,  render  it 
very  difficult  to  decide  upon  the  exact  uature  of  the  change,  and  in  many 
cases  to  distinguish  one  fonn  of  eulargeraeut  from  auotlier. 

In  the  first  place,  there  is  a  class  of  cases  in  which,  sometimes  slowly, 
sometimes  with  great  rapidity,  the  lymph-nodes  of  certaiu  regions,  espe- 
cially the  abdominal,  axillary,  cervical,  and  iuguiual,  enlarge,  not  in- 
frequently to  an  enormous  extent.  They  may  be  either  hard  or  soft,  even 
almost  fluctuating;  the  individual  uodes  may  be  distinct  or  merged  into 
one  another.  Sometimes  the  uodes  iu  nearly  all  parts  of  the  body  are 
affected.  Microscopic  examination  shows,  iu  the  soft  varieties,  a  large  iu- 
crease  of  small  spheroidal  and  polyhedral  cells  and  a  growth  of  the  retic- 
ular tissue.  It  is  a  new  formation  of  lymphatic  tissue,  but  the  uormal 
relations  of  follicles,  cords,  and  lymph  sinuses  are  not  preserved.  In  tlie 
harder  varieties  there  is  a  thickening  of  the  reticular  ti.ssue  in  addition  to 
an  increase  of  cells.  In  rare  cases  portions  of  the  uodes  become  necrotic. 
Sometimes  larger  aud  smaller  haemorrhages  occur  in  the  nodes,  especially 
in  the  softer  forms.  In  additioD  to  these  changes  in  the  lymph-nodes 
there  is,  in  a  considerable  proportion  of  eases,  a  new  formation  of  lymph- 
atic tissue  in  greater  or  less  quantity  in  other  parts  of  the  body,  in  the 
spleen,  inthegastro-intestlual  canal,  iu  the  marrow  of  bones,  iu  the  liver, 
kidneys,  etc.,  aud  the  numl>er  of  lymphocytes  in  tlie  blood  and  in  other 
parts  of  the  body  is  increased.  This  general  condition  is  known  as 
Jeakwttiia  and  has  been  considered  above,  under  diseases  of  the  blood  and 
blood-forming  organs.  The  enlarged  lymph-nodes  in  this  disease  may 
be  called,  for  couveuieuee,  leukwmic  Jf/mphomata. 

In  the  second  place,  there  is  a  form  of  disease  resembling  leukseniia 
in  many  respects,  particularly  in  the  lesion  of  the  lyraph-uodes,  usually 
with  a  less  prominent  involvement  of  the  spleen  and  other  lymphatic 
structures,  and,  which  is  more  striking,  no  iucrease  iu  the  number  of 
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leucocytes  in  the  blood.  This  is  caile<l  Ho^ffbin^s  di«ease,  or  pseudo-ieu- 
k<emia,  aud  the  enlarged  lyniph-nodea  may  iu  this  case  be  called  j«eu<?o- 
leiiktemic  lymphomata.  The  lesions  of  the  lymph-nodes  are  apparently 
similar  in  both  diseases,  but  it  is  convenient  to  assign  diifereut  names  to 
them  because  they  seem  to  arise  under  different  conditions  and  to  be 
associated  with  a  constant  difference  iu  the  cbaraeter  of  the  blood. 
Theie  is  some  reason  for  the  conjecture  that  Hodgkin's  disease  may  be 
infectious  iu  its  nature.  Whether  the  pyogenic  cocci  and  the  pneumo- 
coccus  which  have  been  found  iu  the  lesions  are  the  excitants  or  not  is 
not  yet  certain. 

Le  Count  has  recently  described  a  benigu  tuuior — lympUoma—iu  the 
groin  having  the  structure  of  a  lymph-node.'  A  form  of  generalized 
tubereulous  lJ^nplladeniti8  which  may  l>e  mistaken  for  Hodgkin's  dis- 
ease is  described  at>ove. 

TUUORS. 

Sarcoma  occurs  iu  the  lymph-nodes  as  a  primary  and  secondary  tumor, 
aud  may  be  of  varioiLS  forms:  spindle -eel  led,  large  and  small  round- 
celled,  and  angio -sarcoma.  It  is  not  easy  in  many  cases  to  distinguish 
morphologically  between  the  small  round-celled  s:irconiata  aud  the  above- 
described  lyruphomata,  but  in  general  the  lenkiernic  and  pseud o- leukemic 
lymphomata  remain  circumscribed,  while  the  sarcomata  tend  to  bi-eak 
through  the  node  capsule  and  invade  the  surrounding  tissues.  Fibroma, 
myxoma,  and  chondroma  oceur  in  the  lymph  nodes,  but  are  rare.  Endothe- 
liomata  are  described,  but  are  not  common.  Secondary  carcinomata  are 
of  fi-eqnent  occurrence,  the  form  of  the  cells  and  the  nature  of  their 
growth  depending  upon  the  seat  and  character  of  the  primary  tumors. 


FASABITE8. 

Aside  from  the  various  forms  of  bacteria  which  are  not  infrequeutly 
found  in  the  lymph-nodes  in  infectious  diseases,  amoug  the  animal  para- 
sites filaria,  trichina,  and  pentastomiim  have  t)eeii  descrilied. 

HAUOLTMPH  NODES. 

Numerous  ubsei'vers  have  doscribed  ilic  occiirrenco  in  man  and  certain  of  tlie  lower 
animala,  uniler  normal  as  ivcll  as  patbolugical  conditions,  of  stiuctiires  ivliicli  I'esemble 
lympli-nodea,  but  am  usually  sitiullej-  and  are  red  or  mottled  rod  and  wliiie.  In  man 
Uicy  are  found  uspccialty  in  tlie  iirevorti^bral  fat,  iu  tlie  deep  cervical  region,  Id  the 
retroperitoneal  region,  near  the  renal  vessels,  and  about  the  rim  o(  tlie  pelvis.  They 
are  normally  present,  but  they  may  be  more  conspicuous  under  certain  pathologi- 
cal conditions — pernicious  anremla.  acute  infections.  Intoxications,  etc.  Tlieir  color  is 
due  to  the  presence  of  blood  in  the  sinuses  of  the  nodes.  Them  are  numerous  irnnsi- 
tional  forms  be  I  ween  nodes  containing  lymph  sinuses  only  and  those  wliich  more  nearly 
resemble  the  spleen  in  character.  They  become  more  prominent  and  are  increased  in 
number  after  splenectomy  In  animals.'    These  structures  do  not  appear  to  l>c  lymph- 

'  Jour.  Exp.  Med.,  vol.  iv..  p.  569,  bibliography  of  lymphoma. 
-See  Warthin,  "Vaughan  Annivcrsarv  Contributions  to  Medical  Hesearch,"  1903, 
p.  816. 
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nodes  in  wbicb  blood  basaccumulated  fromliyperaemia  orbsmorrhage,  and  tiie  sinusea 
t-outafning  blood  ma]'  be  injected  from  tlie  blond -vessels.  In  tlie  most  typical  forma  of 
hxmotympli  nodes,  the  cortical  and  medullary  portions  are  not  well  deflneil  und  tLe 
germinal  areas  in  tlie  lympboid  tissue  are  leas  marked  llian  in  13-mpli  nodes.  Many 
Urge  cells,  probably  prolifeniteil  endothelium,  containing  rnl  blood-cclis  and  blood  pig 
ment,  arc  usually  present  in  tlie  lymph  sinuses.  In  addition  m  these,  pliagooylic  cells, 
eosinophiles.  and  mast  cells  ii'.ny  be  present. 

Id  the  opinion  of  Warthin,'  wbo  lias  made  especially  careful  studies  of  thMie  s'.ruct- 
ures  and  of  otiicrs,  tliey  are  inconstant  or  variable  organs  related  to  but  distinct  from 
^'mpii'nmii's.  and  having  special  hemolytic  and  possibly  other  funclions.  Tlie  studies 
cf  Dayton  in  general  contlnn  the  cnnchisions  of  Warthin.' 

'  For  a  full  and  excellent  snmmarv  of  this  subject,  tvitli  bibliography,  consult  War- 
thin. Trans.  Chicago  Pathological  Society,  November  12lh.  1902.  For  a  study  of  the 
development  of  biemolympli  nodes  in  adipose  tissue,  see  Proc.  Path.  8oc.  of  Pbila., 
December.  1908. 

^Dayton,  Am.  Jour.  Med.  Sciences,  vol.  cxxvii.,  p.  448. 
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CHAPTER  III 

THE  SPLEEN  A»D  THYMUS. 
The  Spleen. 

0«neral  Oharacteristice  of  the  Spleen. 

Ik  atudyJDg  the  lesions  uf  tbc  spleen  it  is  impoiUnt  to  l>ear  in  mind  tlic  peculiai 
relations  in  wbicli  tliis  organ  stands  to  tlic  blood-vessels  and  to  the  circulation.  After 
passing  through  the  various  branches  of  Ihc  s|ileDic  artery  and  tlie  limited  systems  of 
capillaries  whicli  arc  associati^  witli  it,  the  blood  is  not  received  at  once  into  venous 
truuks.  as  in  other  parts  of  the  body,  but  is  poured  directly  into  the  pulp  tissue.  In 
this  it  circulates,  under  conditions  which  reudcr  it  liable  to  stagnation  and  undue  accu- 
mulation, before  it  Is  taken  again  into  Kell-dellned  vessels  through  the  open  walls  of 
the  cavernous  vi-ins.  Moreover,  tliesc  conditions,  naturally  unfavorable  to  undisturbed 
and  vigorous  circulation,  are  reinforced  by  the  association  of  the  splenic  with  tbe  slug- 
gisb  and  often  internipted  portal  circulation.  Bearing  these  considerations  in  mind,  it 
is  in  a  measure  plain  why,  as  is  In  fact  the  case,  tlie  spleen  slinuld  be  more  liable  to 
alterations  in  size  than  any  otlier  organ  in  the  body,  and  wliy.  serving  as  It  does  as  a 
sort  of  blood  filter,  it  should  be  especially  susceptible  to  the  inUuence  of  deleterious 
materials  of  various  kinds  which  in  one  way  or  another  gain  access  to  tlie  blood.  The 
relationship  between  the  lymph-vessels  and  the  spleen  is  also  intimate. 

MalformationB  and  Bisplacemeiits. 

The  spleen  may  be  absent  in  acephalous  monsters,  and  with  defective  development 
of  other  abdominal  viscera.  Absence  of  the  spleen  in  otherwise  normally  developed 
Individuals  boa  been  recorded.  There  may  In  this  condition  be  a  compensatory  hyper- 
plasia of  the  lympliatic  tissues  of  Cliu  body.'  Small  acces.sory  spleens,  from  the  size  of 
a  hazelnut  to  tliat  of  a  walnut,  are  not  infrequent.  They  usually  lie  close  to  the  spleen, 
but  may  he  at  a  considerable  distance  from  it;  thus  they  have  been  found  embedded  in 
the  head  of  the  pancreas.'  Two  spleens  of  about  equal  size  have  been  olraerved.  The 
spleen  may  he  made  up  of  several  distinct  lobes.  It  may  be  displaced  congenitally  or 
as  the  result  of  disease.  It  may  Lie  on  the  right  side  in  transposition  of  lite  viscera.  As 
tbe  result  of  ctingt-uital  defects  in  the  diaphragm  the  spleen  may  be  found  in  the  thorait ; 
or  in  deficient  closure  of  the  abdominal  wall  it  may,  together  with  other  abdominal  vis- 
cera, be  found  oiitsiiic  uf  the  body. 

Tlie  s|ileen  may  Ih;  presscii  downward  by  any  increase  in  the  contents  of  the  thorax. 
It  may  be  bound  by  a<lhcsions  to  tile  conciive  surface  of  the  diaphragm,  so  that  its  long 
axis  is  nearly  horl/.onial  instead  of  vertical.  It  may  be  displaced  by  changes  in  the 
contents  of  the  abilominal  cavity.  If  the  organ  be  increased  In  size  it  frequently  be- 
comes tilted,  so  thiit  lis  lower  bonier  reaches  the  right  Iliac  region.  If  the  ligaments  l>e 
too  long  congenitully,  or  if  liiey  are  lengthened  by  traction,  and  if  the  organ  is  at  the 
same  time  Increased  in  weight,  it  may  become  very  movable.  It  may  sink  downward, 
ivitli  its  liiliis  turned  upward ;  or  it  may  be  rotated  on  its  axis,  and,  owing  Co  torsion  of 
the  vessels  thus  produced,  the  organ  may  alropliy ;  or  tlie  pressure  of  the  ligaments  and 
vessels  across  the  duodenum  may  cause  occlusion  of  the  gtit. 

I  See  Bofhiipgl,  Med.  Record,  November  13th,  1898.  bibl.  For  a  study  of  the  effect 
of  splenectomy  in  unitiials  on  the  hoimolympli  nixies  see  Warthin.  "  Vauglian  Anniver- 
sary Contributions  to  Med.  Ili^search."  1^08.  p.  316. 

'  Ila^molymph  nodes  may  be  mistaken  for  accessory  spleens. 
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WOUNDS,   BTTFTUItE,  AND  HLSHOBBHAOE. 

Wounds  of  the  spleeu  are  usually  accompuiiied  by  extensive  hemor- 
rhage and  are  commonly  fat-U.  Deiith  usually  occurs  as  the  result  of 
this  hiemorrhage,  but  it  may  be  due  to  secondary  iudammatory  changes. 
Healing  and  recovery  may,  however,  occur. 

Bnptore  of  the  spleen  may  be  traumatic  or  spontaneous.  In  the 
former  Ciise  it  may  be  due  to  dii«ct  violence  in  the  region  of  the  organ 
01'  to  injiiiy  to  the  thorax,  falls,  etc.  In  certain  diseased  conditions  the 
spleeu  is  more  liable  to  rupture  than  when  it  is  nonnal.  The  rupture 
usually  involves  not  only  the  capsule,  but  a  more  or  less  considerable 
portion  of  the  parenchjTna,  and  of  course  le^s  to  htehiorrhage.  Siwn- 
taneous  rupture  is  rai-e,  but  may  occur  in  excessive  enlargement  of  the 
organ,  as  in  typhoid  fever,  malaria,  etc. — see  below — or  as  the  result  of 


HsBmorrhage.— Aside  from  the  extensive  bsemorrhages  from  injury  and 
rupture,  the"  spleeu  may  be  the  seat  of  small  circumscribed  btemorrliaKes 
in  various  infeetioiis  diseases,  although,  owing  to  the  peculiar  distribu- 
tion of  the  blood,  it  is  often  very  difficult  to  distinguish  between  a  mod- 
erate interstitial  htemorrhage  and  hypercemia.  Sacculated  aneurism  of 
the  splenic  arteiy  has  been  imported. 


ATBOPHT. 

Atrophy  of  the  spleen  may  occur  in  old  age;  as  a  result  of  prolonged 
eachexife,  and  in  connection  with  profound  and  i>er9isteut  anieinia;  or, 
more  rarely,  from  unknown  canses.  The  capsule  may  be  wrinkled  and 
thickened,  the  color  pale,  the  trabeculee  prominent,  the  consistence  in- 
creased. The  change  is  largely  in  the  pulp,  whose  parenchyma  cells 
are  decreased  in  number. 

DEOENEKATION. 

Amyloid  S^fleratioB. — This  may  affect  the  glomeruli  or  the  pulp 
tissue,  or  both  tc^ther.  When  confined  to  the  glomeruli  the  spleen  may 
or  may  not  be  enlarged,  and  the  cut  surface  is  more  or  less  abundantly 
sprinkled  with  round  or  elongated,  translucent  bodies  resembling  consid- 
erably in  general  appeaniuee  the  grains  of  boiled  sago.  These  are  the 
waxy  glomeruli.  Such  a  spleen  is  of  ten  called  "sago  spleeu"  (Fig,  208), 
Microscopical  examination  shows  that  the  degeneration  is  confined  to  the 
walls  of  the  arteries,  capillaries,  and  reticulum  of  the  glomeruli,  with 
atrophy  and  often  finally  total  disappearance  of  the  lymphoid  cells. 

In  other  cases,  either  with  or  without  involvement  of  the  glomeruli, 
there  is  waxy  degeneration  of  the  blood-^'cssels  and  reticulum  of  the 
pulp,  which  may  occur  in  patches  or  be  general  and  more  or  less  ex- 
cessive. K  the  alteration  is  general  and  considerable  the  spleen  is  en- 
larged, its  edges  are  rounded,  its  consistence  is  increased.     On  section  it 
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appears  transluceDt,  and  the  distribution  of  the  degeuerated  areas  may  he 
readily  seen  by  holding  a  thin  slice  up  to  the  light.  The  spleen  may  be 
alone  affected,  or  there  may  be  similar  degenerations  in  other  organs. 


PIOHENTATIOH. 

Tills  may  occur  as  the  result  of  the  decomposition  of  hfemoglobin  in 
the  organ  or  elsewhere,  under  a  great  variety  of  conditions:  thus  after 
hiemorrhagic  infarctions,  small  multiple  bteniorrbages,  acute  hyperplastic 
splenitis,  and  in  lifemachromatosis.  etc.  Or  the  pigment  may  t>e  anthra- 
cotic  and  be  brought  to  the  organs  from  the  lungs  or  bronchial  nodes; 


FIG.  JOe.— Ahtldid  DEnE<j» ration  op  tui  Glomeruli  or  the  Splubn— "Baod  Sflken." 

bile  pigment  may  also  be  deposited  in  the  spleen  in  jaundice.  The  pig- 
ment may  lie  in  the  walls  of  the  smaller  arteries,  in  Ihe  cells  and  relicu- 
Inni  of  the  pulp,  or  free  in  the  latter  tissue,  or  in  the  follicles.  It  is 
usually  quite  nnevenly  distributed.  The  pigment  may  be  red,  brown, 
or  black.  According  to  Weigert  anthracotic  pigment  may  be  sometimes 
seen  with  the  naked  eye  in  the  periphery  of  the  glomeruli  as  dark 
crescents. 

DISTURBANOES  OF  THE  CIBCXTLATION. 


Aiuemia.— This  may  be  associated  with  geneial  aniemia,  but  it  is  not 
always  pi-esent  in  this  condition.  When  marked  and  unassociated  with 
other  lesions  the  spleen  is  apt  to  l»  diniinishi'd  in  size,  the  cai>s;ile  more 
or  less  wrinkled,  the  cut  surface  drj-  and  lighter  in  color  than  normal, 
the  trabeculjB  unduly  promiueut. 

In  this,  as  in  other  alterations  simply  of  the  blood  content  of  the 
spleen,  neither  the  gross  nor  miei-oscopical  appearances  are  constant,  be- 
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cause  of  the  redistribution  of  blood  which  is  apt  to  occur  in  the  viscera 
after  death. 

Hypenemia. — Passive  hyperemia  may  occur  in  obstruction  to  the 
poilul  circulation,  most  frequently  in  cirrhosis  of  the  liver,  but  also 
w  ith  certain  valvular  lesions  of  the  heart,  emphysema,  etc.  The  spleen 
is  enlai^;ed,  but  usually  only  to  a  moderate  degree.  The  capsule  is  apt 
to  be  tense,  and  on  section  the  pulp  is  dark-red  and  may  be  soft  oi'  firm. 
The  cavernous  veins  are  dilated  (Fig.  20!)).  Usually,  when  the  lesion 
has  existed  for  some  time,  there  is  a  thickening  of  the  trabecnlie  and 
reticular  framework  of  the  spleen,  so  that  these  are  prominent  ou  section. 


PIQ.  aie.— HypEB«llIA— C0NOI8TJON— Of  Tl 

b,  DlUled  (svemous  v«liu;  e 

In  other  words,  there  is  a  chronic  interstitial  splenitis  following  the 
chronic  congestion. 

Active  HypEK.EMiA  of  the  spleen,  which  in  most  cases  is  scarcely 
to  l>c  differentiated  from  some  forms  of  acute  inflammation,  and  probably 
in  many  cases  is  associated  with  it,  very  frequently  occurs  in  a  great 
variety  of  acute  and  infectious  diseases,  such  as  typhoid  fever,  pneu- 
monia, diphtheria,  pyieniia,  the  exanthemata,  etc.  The  spleen  is  en- 
larged, the  capsule  tense;  on  section  the  pulp  is  soft,  dark-i'ed  in  color, 
often  swelling  out  from  the  cut  surface  and  concealing  the  glomeruli  and 
ti-abeculfc.  Under  these  conditions  the  cavernous  veins  are  distended 
with  blood  and  the  interstices  of  the  pulp  intiltrated  with  a  variable, 
sometimes  lai^e  quantity  of  red  and  white  blood  cells.  Or,  in  addition 
to  this,  there  may  be  hyperplasia  (see  below). 

Emboliam  and  Infarction  of  the  Spleen. — Embolic  infartiiom  of  the  spleen 
are  of  frequent  occurrence.  They  may  be  single  or  multiple,  small  or 
very  laige,  sometimes  occnpying  half  of  the  organ.  They  are  in  general 
approximately  wedge-shaped,  corresponding  to  the  area  of  tissue  sup- 
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plied  by  the  occluded  artery  (Fig.  14,  p.  76),  They  may  be  hseinor- 
rhagic,  i.e.,  red,  or  they  may  be  white.  Infarctions,  originally  red,  may 
become  white  after  a  time  from  changes  in  the  blood  pigment.  They  may 
usually  be  seen  as  dark-red,  reddish-white,  or  white,  liard,  sometimes 
slightly  projecting  areas  on  the  surface  of  the  organ.  Not  iiifrequeutly 
the  centre  of  the  infarction  is  light  in  color,  while  the  peripheral  zone  is 
dark-red.  A  layer  of  fresh  fibrin  is  sometimes  seen  over  the  surface  of 
the  infarction.  The  general  as  well  as  the  microscopical  appearances 
which  they  present  depend  lai^ly  upon  the  age  of  the  infarctions.  In 
the  earlier  stages  the  hfemorrlmgic  infarctions  present  little  more  under 
the  microscope  than  a  compact  mass  of  red  blood  cells,  among  which 
may  be  seen  the  compiessed  parenchyma.  The  white  infarction  may 
show  at  first  an  outline  of  the  splenic  structure,  but  the  entire  tissue  is 
in  a  condition  of  coagulation  necrosis.  The  tissue  may  disintegrate  and 
soften,  and  be  more  or  less  completely  absoibed,  with  or  without  fatty 
degeneration.  A  zone  of  iutlammatory  tissue  may  appear  around  the 
infarction  and  upon  the  capsule,  and  this  tissue,  becoming  denser,  as- 
sumes the  characters  of  a  cicatrix  and  contracts  around  the  unabsorbed 
remnant  of  the  infarction,  so  that  finally  nothing  may  be  left  but  a  dense 
mass  of  fibrous  tissue,  which  frequently  draws  in  the  surface,  causing 
more  or  less  distortion  of  the  organ.  This  cicatrix  may  be  pigmented  or 
white. 

If  the  embolus  be  infective,  in  addition  to  its  mechanical  effects  there 
may  be  suppuration,  gangrene,  and  the  formation  of  abscess.  There 
may  be  perfoi-ation  of  the  capsule  and  fatal  peritonitis.  Infarctions  of 
the  spleen  may  follow  thro«iiotti«  of  the  splenic  vein. 

Thromboais  of  the  splenic  vein  is  rare  as  a  primary  lesion,  but  it 
may  be  of  secondary  occurrence  in  connection  with  portal  or  mesenteric 
thrombosis,  with  other  lesions  of  the  spleeu,  or  with  acute  inflammation 
of  the  pancreas.  Thrombosis  of  the  splenic  vein  has  been  reported  fol- 
lowing typhoid  fever. 

IHFLAHKATION. 

bifiammatory  Hyperplasia  {Acute  Hyperplastic  Splenitis,  Acute  Splenio 
Tnmor). — The  conditions  under  which  hyperplasia  and  acute  inflamma- 
tion of  the  spleen  occur  have  already  been  mentioned  under  active 
hypenemia,  with  which  it  is  usually  associated.  It  is  a  frequent  though 
not  a  constant  accompaniment  of  the  acute  infectious  diseases.  The 
spleen  is  enlarged,  sometimes  to  two  or  three  times  its  normal  size.  On 
section  the  pulp  is  soft,  often  almost  diffluent,  and  projects  upon  the  cut 
surface.  The  color  is  sometimes  dark-i-ed,  sometimes  grayish-red,  or 
mottled  red  and  gray.  The  trabeculie  and  glomeruli  are  usually  concealed 
by  the  swollen  and  softened  pulp,  but  tlie  glomeruli  are  sometimes 
unusually  prominent. 

Microscopical  examination  shows  the  marked  increase  in  size  to  be 
dae  in  part  to  the  hypeifemia;  in  part  to  a  swelling  and  increase  in  the 
nomber  of  cells,  sometimes  of  the  pulp,  sometimes  of  the  glomeruli,  or 
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of  both.  There  are  nmltiuuclear  cells;  cells  resembling  the  ovoidal  and 
polyhedral  cells  of  the  pulp,  but  larger  and  with  evident  divisiou  of  the 
nuclei.  Cells  reseinbliog  leucocytes  may  be  preseut  in  large  numbers, 
and  latter  and  smaller  cells  in  a  condition  of  fatty  degeneration,  or  con- 
taining pigment,  are  often  seen.  The  elongated  cells  lining  the  cavernous 
veins  may  be  swollen  or  increased  in  nnmber.  Not  infrequently  the  lai^er 
and  smaller  o«lls  contain  red  blood  cells  or  their  fragments.  In  some 
cases,  particnlarly  in  scarlatina,  hyperplasia  of  the  glomeruli  is  a  prom- 
inent feature:  in  other  cases,  particularly  in  typhus  and  recurrent  fevers, 
the  cells  of  the  glomeruli  undergo  marke^l  degenerative  changes,  so  that 
they  may  form  small  softened  areas  looking  like  little  abscesses.  Focal 
necroses  and  areas  of  small-celled  accnmidation  or  cell  proliferation  are 
common  in  typhoid  fever  and  other  infectious  diseases  (see  page  201). 
As  the  primary  disease  runs  its  course  the  swelling  of  the  spleen  sub- 
sides, the  capsule  appears  wrinkled,  the  color  becomes  lighter,  and 
sometimes  the  organ  remains  for  a  long  time,  or  permanently,  small  and 
soft. 

The  lesions  of  the  spleen  are  in  many  cases  due  to  the  presence  of 
micro-organisms  which  are  usually  preseut  iu  the  spleen  in  septlcfemia, 
or  they  may  be  due  to  soluble  toxic  substances  in  the  blood.' 

Suppurative  Splenitis  {Splenic  Abscess). — Small  abscesses  may  be  found 
in  the  spleen  as  the  result  of  minute  infectious  emboli,  and  these  may 
coalesce  to  form  lai^r  abscesses.  Sometimes  the  entire  parenchyma  is 
converted  into  a  soft,  necrotic,  purulent  mass  surrounded  by  the  capsule. 
It  is  rare  for  simple  infarctions  to  result  in  abscess.  Abscess  of  the 
spleen  may  occur  from  the  propagation  of  a  suppurative  iudammatiou  to 
the  ot^an  from  adjacent  parts;  from  jMirinephritic  abscesses,  ulcer  and 
carcinoma  of  the  stomach,  etc.  They  may  open  into  the  peritoneal  cav- 
ity, inducing  fatal  peritonitis,  or,  owing  to  an  adhesive  inflammation, 
the  opening  may  occur  into  the  post -peritoneal  tissue,  into  the  pleural 
cavity,  lung,  stomach,  intestines,  or  it  may  open  on  the  surface.  On  the 
other  hand,  the  contents  of  the  abscess  may  dry,  shrink,  and  become 
encapsulated  and  calcified.  Abscesses  may  occur  in  ulcerative  endocar- 
ditis, pysemia,  typhoid  fever,  and  more  rarely  in  intermittent  fever,  and 
under  a  variety  of  other  conditions. 

Chronic  IndnratiTe  Splenitis  {Chronic  Splenic  Tumor). — There  may  be, 
as  we  haie  already  seen,  a  new  formation  of  connective  tissue  iu  the 
spleen  as  a  result  of  chronic  congestion  or  infarctions,  or  about  abscesses. 
But  there  is  a  more  diffuse  formation  of  connective  tissue,  usually  iu  the 
nature  of  an  hyperplasia,  which  occurs  under  a  variety  of  conditions, 
and  is  now  marked  and  extensive,  and  again  comparatively  ill-defined. 
It  is  always  associated  with  more  or  less  extensive  changes  in  the  paren- 
chyma. In  its  most  marked  form  it  is  found  in  chronic  malarial  poison- 
ing, and  under  these  conditions  it  may  t>e  found  not  only  in  persons  who 
have  suffered  from  repeated  attacks  of  intermittent  fever,  but  also  iu 
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those  who  Lave  not  thus  eaflfered  hut  Lave  resided  in  malarial  regions. 
The  enlarged  spleen  is  often  called  "ague  cake."  Similar  conditions, 
though  usually  less  marked,  may  occur  in  congenital  and  acqnired  syphi- 
lis, from  prolonged  typlioid  fever,  and  as  a  result  of  acute  hyjierplastic 
splenitis  from  various  causes,  and  also  in  leukiemia  and  psendo-leitkiemia. 
The  gross  appearance  of  the  spleen  in  chronic  indurative  splenitis 
varies  greatly,  both  in  the  size  of  the  organ  and  in  the  appearance  of  the 
seetiOH.  The  spleen  may  be  enormously  enlai^ed  or  it  may  he  of  about 
normal  size.  It  is  usually,  however,  enlarged.  The  capsule  is  commonly 
moi-e  or  less  thickened,  frequently  unevenly  so.  The  consistence  is 
as  a  rule  considerably  increased,  but  this  is  not  always  the  case.  Tlie 
color  and  appearance  of  the  cut  surface  present  much  variation.  It  may 
be  nearly  normal  or  it  may  be  grayish,  or  _ 

dark  brown,  or  nearly  black.  The  color 
may  be  uniform  or  the  surface  may  be 
mottled.  The  glomeruli  may  be  scarcely 
visible  or  very  pjominent;  the  tmbecul* 
are  in  some  cases  nearly  concealed  by  the 
pulp ;  in  others  they  are  lai^,  prominent, 
and  abundant,  so  that  the  surface  is  crossed 
in  all  directions  by  an  interlacing  network 
of  broader  and  narrower  irregular  bands, 
between  which  the  red  or  brown  or  black- 
ish pulp  lies.  FlO-   8I0.-CHIIONIC  IJiDrHATIVK  8PLI.V. 

Not  less  varied  are  the  microscopical  ""^ 

appearances  of  tLe  spleen  under  these  con-  ^''7X'^tl!o?tt"  »Crao™,""e';^'''' 
ditions.      lu  one  class  of  cases   there  is 

more  or  less  uniform  hyperplasia  of  both  pulp  and  interstitial  tissue. 
The  parenchyma  cells  are  increased  in  size  and  nimiber;  there  maybe 
swelling  and  proliferation  of  the  lining  cells  of  the  cavernous  ^eius  (see 
Fig.  210).  The  reticulum  of  the  pulp,  as  well  as  that  of  the  glomeruli, 
and  also  the  trabeculfe,  are  thickened.  In  another  class  of  eases  the 
thickening  of  the  reticular  and  trabecular  tissue,  either  uniformly  or  in 
patches,  is  the  prominent  feature  (Fig,  211),  while  the  changes  in  the 
pulp  are  rather  secondary  and  atrophic  lu  both  forms  irregular  pig- 
mentation ia  frequent,  the  pigment  p;irticles  being  deposited  either  in  the 
cells  of  the  pulp  or  glomeruli,  or  iu  the  new-formed  interstitial  tissue  (Fig. 
212).  Finally,  there  are  all  intermediate  forms  of  induration  between 
those  described,  and  the  changes  are  by  no  means  uniform  in  the  same 
organ.     When  these  spleens  are  large  they  are  liable  to  displacement. 

Syphilithj  Splenitis. — This  lesion  may  present  itself  a»  an  indurative 
process  due  to  the  formation  of  new  connective  tissue,  and  present  no  dis- 
tinct morphological  clmra<'t eristics.  In  rare  cases,  however,  gummata 
may  be  present  in  connection  wi(h  the  new  fibrous  tissue ;  then  the  nature 
of  the  lesion  is  evident. 

Taberonlons  Splenitis. — This  lesion  is  usually  secondary  to  tuberculous 
inflammation  in  some  other  part  of  the  body,  or  is  the  result  of  the  gen- 
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eral  iufectioii  in  acute  geiiei-al  miliary  tuberculosis.  The  tubercles  may 
be  very  numerous  aud  still  invisible  to  the  naked  eye,  or  tbey  may  be 
just  visible,  or  as  large  as  a  pin's  head,  and  very  thickly  sti-ewu  througb 


llie  organ  or  sparsely  scattered.     In  other  cases  the  tubercles  are  larger, 
sumelimes  as  large  as  a  pea,  aud  they  are  then  usually  not  numerous. 
Microscopically  they  present  the  usual  variety  of  structure,  sometimes 
as  simple  tubercle  granula,  sometimes  as  conglomerate  tubercles;  they 
may  consist  simply  of  a  collection  of  small  spheroidal  cells,  or  there  may 
be  larger  polyhedral  cells  aud  giaut  cells  with  a  well-defined  reticulum. 
Cheesy  d^^neratiou  occurs  under  the  usual 
conditions.    Tubercle  bacilli  are  usually  pres- 
ent,  particularly  iu   the  more  a«:ute   forms, 
sometimes  in  small,  sometimes  in  enormous 
numbers.      They  seem  to  be  especially  abun- 
dant in  acute  general  miliary  tuberculosis  of 
children.     These  tubercles  may  be  formed  in 
the   glomeruli,   in    the  walls  of  the  smaller 
arteries,  in  the  pulp  tissue,  and  in  the  trabec- 
ule and    eai>sHle.       Owing   to   the  peculiar 
FKi.2i2.-MALiF.iAi.  SHEEN.        character   of    the    spleen   tissue    the  earlier 
«rn'^w*^'"'Ulp!wiS'^:     stages  are  not  mulily  recognized,  since  simple 
meinBiionofihepuipo-iii.  collections  <.>f  Small  spheroidal  cells  are  not 

distinctly  outlined  against  the  normal  tissue. 
There  is  frequently  a  moderate  swelling  of  the  spleen,  owing  to  hyper- 
lemia  and  hyperplasia  of  the  parenchyma. 

FeriBplenitii. — Acute  Inflammation  of  the  capsule  of  the  spleen 
may  occur  as  a  part  of  a  general  or  localized  peritonitis,  or  as  a  result 
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of  lesions  of  the  spleen  it»e)f,  such  aa  infarctions,  abscesses,  and  acute 
hypei-plastic  iuflammatiou.  Under  these  conditions  a  Sbrinoufi  pellicle, 
with  more  or  less  pus,  may  be  formed  on  the  surface  of  the  organ. 
Chronic  Inflamm.\tion,  resulting  in  the  production  of  new  connective 
tissue,  either  in  patches  or  as  a  more  or  less  general  thickening  of  the 
capsule,  is  of  frequent  occurrence.  It  may  follow  acute  inflammation  of 
the  capsule,  or  be  a  part  of  general  or  localized  chronic  peritonitis.  It 
is  common  in  connection  with  chronic  indurative  splenitis,  and  it  may 
occur  from  unknown  causes.  Sometimes  the  capsule  is  three  or  four 
millimeters  in  thickness  over  a  considerable  area ;  sometimes  verj'  small 
nodular  thickenings  or  papillary  projections  occur.  As  a  result  of  this 
process  adhesions,  sometimes  very  extensive,  may  form  between  the 
spleen  aud  adjacent  parts.  The  thickened  capsule  is  sometimes  more 
or  less  extensively  calcified. 


CHBONIO    ENDOTHELIAL    HTPEBfLASIA    OF    THE    SPLEEN. 
("Primftry  Splenomeealy.") 

Bovaird  has  recently  deaeriljed  a  slowly  progressive  lesion  developing 
in  early  life  in  which  the  spleeu  was  greatly  enlarged  and  firm  iu  text- 


Fta.  £13.— Chronic  Endothelial  Hyperplaeia  or  the  Spleen. 
Bbawlog  lDcretis«  In  number  uid  vifoLlBtlon  of  Uie  endoDuiLlum  or  tbe  csiernaus  vi^db. 

ure,  presenting  ou  section  numerous  irregular  white  or  yellowish  areas, 
extending  from  the  capsule  into  the  substance  of  the  organ.  The  spicule 
aud  mesenteric  lymph-nodes  aud  the  liver  were  enlarged.  On  microscopic 
examination  the  spleen  legion  was  found  to  consist  largely  of  an  excessive 
proliferation  of  the  endothelial  cells  of  the  pulp  (Fig,  213),  in  part  alone, 
iu  part  associated  with  fibrous  hyperplasia.  Similar  endothelial  hyper- 
plasia occurred  iu  the  splenic  aud  mesenteric  lymph-nodes  and  iu  the 
connective  tissue  of  the  liver.     There  was  marked  pigmentation  of  the 
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iuvoh'ed  lymph-nodes  and  io  the  liver  lesion.  This  couditioii  has  ap- 
parently been  sevei-al  times  described,  bnt  has  been  usually  regarded  as 
tumor  rather  than  endothelial  hyperplasia.' 


The  lesions  of  the  spleen  are  essentially  similar  in  both  of  these  con- 
ditions. They  consist,  in  {|;eneral,  of  an  hyperplasia,  sometimes  most 
marked  in  one,  sometimes  in  another  of  the  strtjctuntl  elements  of  the 
organ,  but  they  nsually  all  participate  in  the  alterations.  The  changes 
which  occur  in  the  earlier  stages  are  but  little  known.  The  gross  ap- 
pearances of  the  spleen  vary.  It  is  as  a  rule  enlarged  and  sometimes  is 
ten  or  fifteen  times  the  normal  size.  It  is  commonly  hard,  but  is  some- 
times of  the  ordinary  consistence,  or  softer,  and  the  capsule  is  gener- 
ally thickened  and  rongh.  The  section  of  the  spleen  may  be  of  a  uni- 
form dark-red  color,  bnt  it  is  more  frecjuently  mottled  red  and  gray. 
Sometimes  the  glomeruli  are  inconspicuous,  but  they  are  very  often 
eidarged  and  prominent.  They  may  be  two  to  four  mm,  in  diameter, 
and,  owing  to  an  infiltration  of  the  arterial  sheaths  with  lymph  cells, 
may  appear  to  the  naked  eye  as  grayish,  round  or  elongated  bodies, 
arranged  along  branching,  interrupted,  grayish  streaks.  The  trabeculse 
may  be  greatly  thickened,  as  also  the  reticulum  of  the  pulp,  so  as  to  be 
evident  to  the  naked  eye.  Brown  or  black  pigment  may  be  collected 
around  the  glomernli  or  in  the  pnlp.  H«emorrhagic  infarctions  or  cir- 
cumscribed extravasations  of  blood  may  further  complicate  the  picture. 

Microscopically  the  appearances  are  essentially  the  same  as  those 
above  described  in  acute  hyperplasia  and  in  chronic  interstitial  splenitis, 
depending  upon  tlie  stage  and  variety  of  the  disease.  Owing  to  the  great 
wze  which  some  of  such  spleens  attain  they  are  liable  to  displacement,  and 
they  may  interfere  by  pressure  with  the  functions  of  neighboring  oi^ns. 


Primary  tumors  of  the  spleen  are  rare.  Small  fibromata,  larcomata, 
and  oavemooB  angiomata  sometimes  occur.  Sarcoma  and  carcinoma  may 
occur  in  the  spleen  secondarily  either  as  metastatic  tumors  or  by  exten- 
sion from  some  adjacent  part,  as  the  stomach.  Dermoid  cyits  are  de- 
scribed, but  are  rare.  Other  lai^r  and  smaller  cysts,  whose  mode  of 
origin  is  in  most  cases  obscure,  not  infrequently  occur. 

PARASITES. 

Penta«tomam  denticolatom  is  not  infrequently  found  in  the  spleen, 
usually  encapsulated  and  calcified.     Cysticerciu  is  rare.    Echinococcni  is 
e  Bomird,  American  Joiimal  of  tbe 
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occasionally  foiinci,  and,  if  the  cysts  are  large  or  numerous,  may  cause 
more  or  less  extensive  atrophy  of  the  organ. 

Various  forma  of  bacteria  have  been  found  in  the  spleen.  The  pyo- 
genic cocci  have  been  found  in  pyemia,  small-pox,  uleei'ative  endocardi- 
tis, dijihiheria,  and  under  other  couditions.  The  Bacillns  anthracis  oc- 
curs here  in  anthrax ;  the  Bacilloi  taberonlosis  in  tnt>erculous  inflammation ; 
and  typhoid  bacilli  iu  typhoid  fever.  SpiroduBte  Obermeleri  may  be  pi'es- 
ent  in  relapsing  fever. 

The  Thymus. 

MALFOBHATION  AND  HTFEBTROFHT. 

Small  accessory  thymus  glaods  Ave  occasionally  found  near  tbe  thyroid. 
'  It  is  usual  for  the  developmeut  of  tbe  thymus  to  reach  its  height  in  tbe  eai'ly  years 
of  lite.  It  then  undergoes  involution  or  atrophy,  losing  its  epithelial  chnraclers  and 
becoming  largely  compusetl  of  lymphoid  cells.  It  is  finally  represented  in  old  age  by  a 
small  mass  of  fat  tissue.  Occasionally,  however,  the  thymus  persists  until  youth  or 
middleage.'  Furthermore,  it  mtiy  become  enlarged — so-called  AypertTOpAyof  the  thymus, 
Tlie  enlargement  is,  however, due  loan  hyperplasia  rather  than  b}-pertrophy :  tlie  new- 
formed  tissue  may  present  a  more  or  less  marked  lobulated  or  glandular  appearance. 
This  new  formed  tissue,  according  to  the  studies  of  Sultan  and  Locbte.  may  be  largely 
composed  of  lymphoid  cells,  or  of  larger  polyhedral  cells,  so-called  "  epithelioid  "  cells.* 
Focal  necroBca  have  been  recorded  in  diphtheria. 

HAHOKBHAaE. 

Small,  and  sometimes  lai^e,  hsemorrhages  are  occasionally  seen  in  the 
thymus  of  young  children  as  the  result  of  venous  congestion  in  asphyxia, 
poisoning,  etc.     They  may  also  occur  iu  the  bsemorrhagic  diathesis. 

nrFLAKHATION. 

Supporative  inflammation  of  the  thymus  is  of  occasional  occurrence, 
and  is  usually  secondary  to  a  similar  inflammatory  process  iu  .some  other 
part  of  the  body.  Tuberoiilani  and  syphilitic  lesions  of  the  thymus  are 
described,  but  are  rare. 


Sarcoma  is  the  most  common  tumor;  Angioma,  Endothelioma,  and  Der- 
moid Tomon  are  recorded. 

'  For  the  significance  of  a  persistent  thymus  in  certain  cases  of  sudden  death,  see 
Norton.  Pliila.  Med.  Jour.,  vol.  i.,  p.  249.  1898,  bibl. :  alto  ref.  to  Einnn.  p.  49.  On  the 
relationship  of  hyperplasia  in  a  persistent  thymus  to  Hodgkin's  diaeaac.  consult  Brigidi 
and  Piceolt.  Ziegli-r's  Ueilr,  z.  path.  Anat.,  etc.,  Bd.  Jtiv.,  p.  888. 

■Sec  Lochtf.,  Centbl.  f.  allg.  Path.  u.  path.  Anat,  Bd.  x..  p.  1.  bibi 
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CHAPTER  IV. 

THE  THYROID  AND  ADAENALS. 
The  Thyroid. 

Halformatioiu . 


The  thyroid  gland  is  Bomt-tin 
314)  oras  a  coDgeDital  dcllcicDcy. 
and  m}'\<£<kiiia  seu  page  861. 


?K.  ZU.— Bkition  or  thk  ATrtorniRD  TiiTHOrD  UlanD  IN  Hrisntui. 
(i,liit«rHtlIlH](ls9ue:l>.KtrDpbl«<l  [i)liules<rl(bsmaLli|iben>lclBl.w1l«dor1yniplia(lcUBnieiaUielrper1p)iert«. 

The  tliymid  may  b*  irregularly  lobulatcd.     Tlierc  may  be  small  accessory  glands 
ritiiak^l  at  some  dislanee  friini  tlie  normal  position,  as  in  tlie  mediasliuum  or  pleura. 


DEQEITEBATIOK. 

Colloid  degeneration  of  the  epithelial  cells  of  the  gland,  and  the  filling 
of  the  alveoli  with  colloid  niiiterial,  are  of  common  occurrence,  and  when 
ill  moderate  d^ree  may  be  regarded  as  normal,  since  a  certain  amount  of 
this  change  is  found  in  inutiy  otherwise  apparently  normal  glands.  It 
may  occur,  however,  to  such  an  extent  as  to  constitute  an  important 
lesion  (see  below). 

Amyloid  d^neration,  particularly  of  the  blood-vessels,  is  of  infrequent 
o(rcurrence. 

Hyalin  degeneration  of  the  stroma  of  the  thyroid  may  occur. 
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DISTUBBANCES  OF  CUtCULATIOK. 

Eypenemia  of  the  thyroid  glaud,  often  accompiiuied  by  considerable 
enlargemeut  of  the  organ,  may  be  the  result  of  valvular  disease  of  the 
heart;  it  occurs  iu  Basedow's  disease;  it  may  be  temporary  or  perma- 
nent, aiid  iu  the  latter  case  may  be  associated  with  the  formation  of  new 
connective  tissue.  Hsemorrhages  may  occur,  leading  to  pigmentation  of 
the  ot^n. 

INFLAMMATIOy.    (Strumites.) 

Inflammation  of  the  thyroid  gland  is  not  very  common  and  may  occur 
tinder  a  variety  of  conditions.  It  may  result  in  the  formation  of  larger 
and  smaller  abscesses  or  in  the  production  of  new  connective  tissue  which 
may  be  associated  with  atrophy  of  the  x^irenchyma.  Tnbercnloits  inJUm- 
matlon,  with  the  formation  of  miliary  tubercles,  is  of  infrequent  oecur- 
reiiee. '  Syphilitic  inflammation,  with  the  formation  of  gummata,  has  been 
described,  but  is  rare.' 


ST&UHA.    (Hyperplasia  of  the'  Thyroid;  Goitre.) 

Among  the  most  important  of  the  lesions  of  the  thyroid  is  the 
enlargement  of  the  oi^n  commonly  known  as  the  goitre  or  struma.  The 
enlargement  of  the  glaud  may  occur  in  several  ways.  Thus,  a  simple 
hyi)era;mia  may,  sis  above  stated,  loid  to  considerable  enlargement  of 
the  organ,  and  this  is  sometimes  called  struma  hi/pertEmiea.  The  true  goi- 
tre, however ,  consists  iu  the  enlai^emcut  of  the  old  and  the  formation 
of  new  gland  alveoli,  while  with  these  chauges  there  is  veiy  frequently 
associated  a  greater  or  less  amount  of  colloid  degeueration.  When  there 
is  new  formation  of  gland  tissue  the  growth  has  the  character  of  an  ade- 
noma. The  hyperplasia  may  occur  difTiisely,  so  that  the  whole  glaud  is 
more  or  less  enlarged ;  or  it  may  occur  in  the  form  of  circnmsoribed  nod- 
ules. When  the  colloid  degeneration  is  prominent,  so  that  the  tumor 
has  a  gelatinous  appearance,  it  is  called  colloid  struma  (Fig.  215).*  Ac- 
cumulations of  fluid,  blood,  colloid,  etc.,  in  the  old  or  new-formed  alveoli, 
may  lead  to  dilatation  and  atrophy  of  the  walls  of  the  alveoli,  so  that 
cysts,  sometimes  of  large  size,  are  fonued.  Thus  occurs  the  ^^»f*c«(r«njfl. 
Again,  the  blood -\essels  mayundei^o  marked  dilatation,  so  that  we  may 
have  a  telangieetiitie  struma;  or,  cfiremom  aiiffiomata  may  form  within 
goitres.  Veiy  frequently  all  these  varieties  of  lesious  are  present  in  the 
same  goitre.  The  appearances  may  be  rendered  still  more  complex  by 
the  occurrence  of  hieraorrhages  and  pigmentation,  calcification,  purulent 

'  See  Soger  and  Gurrtiei;  Areb.  eia.  dc  Mtii..  t.  iii.,  p.  38.'*,  1900,  Lil)l. 

*For  u  study  of  the  normal  ana  patlioloj^ic  histology  of  the  tlivroiU,  with  biblio- 
graphy, consult  MUlUi;  Zlegier's  Beitr.  z.  path.  Anat.,  elc,  Bd.  xis.,  p.  127,  1896: 
aIsiO  Jird/ieiiii,  Zlegler's  Beltr,,  Bd.  xxxlii.,  19Ud,  p.  156.  For  my.xuedeina  and  Basedow's 
disease,  see  pp.  'iSl  and  333. 

'  For  a  coDsi<lcration  of  the  nature  of  colloid  and  its  formation  in  struma  ace  Rein- 
baeh.  Zicgler'g  Beitr.  z.  path.  Anal.,  etc.,  lid.  xvi..  p.  5D6,  bibl. 
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or  indurative  inflammation  (strumitis),  and  tjy  the  not  very  infrequent 
association  with  carcinoma  and  sarcoma.  The  excitants  of  goitre  are  not 
well  understood.  The  growth  is,  as  a  rule,  slow,  but  occasionally  a  very 
rapid  enlargement  occurs  as  the  result  of  a  sudden  increase  of  the  col- 
loid degeneration.  In  many  cases  e^■eu  very  large  goitres  give  rise  to 
but  moderate  inconvenience,  but  they  may  assume  great  significance  by 


FlO.  £15.— COLUIID  STRCUA— GOITBI. 

Tbe  colloid  material  BDloe  Ibe  HlveoU  Is  stalneil  red. 


encroaching  upon  neighboring  parts.     Thus  death  may  be  catised  by 
pressure  on  the  trachea,  oesophagus,  or  on  the  large  vessels. 


TinttOES. 

Some  of  the  forms  of  goitre  above  described  may  be  regarded  as 
tnmoi-8  or  may  be  associated  with  tunioi's.  Sarcoma  and  endothelioma  are 
the  most  common  tumors  of  the  thyroid. 

Sarcoma,  either  spheroidal  or  spindle-celled,  may  occur  as  primary 
tiunors  in  the  thyroid,  either  in  otherwise  normal  glands  or  in  connec- 
tion with  fittruma. '  Melano-tarcoma  has  been  obser^'ed.  Secondary  sar- 
comata are  rare. 

Pnmarj'  carcinoma,  both  glandular  and  scirrhous,  occurs  in  the  thy- 
roid, and,  particularly  in  the  softer  forms,  may  spread  to  adjacent  parts 
anid  occasionally  form  distant  metastases.  Dermoid  cysts  are  of  occa- 
sional occurrence.' 

'  Consult  for  summary  of  ohservaiiona  on  sarcoma  of  the  thyroid,  Morf,  Jour.  \m. 
Med.  Ass'Q,  April  20,  1899.  bibl. 

'For  a  rtsume  of  miKed  tumors  of  the  tbyroid  see  Zee  ixiei.  Am.  Jour  Med,  Sci., 
vol,  cxuv,,  1908. 
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FA&A8ITES. 
Echiaoooocus  cysts  have  been  foimd  in  ttie  thyroid. 

The  Adrenals  (Suprarenal  Bodies,  Suprarenal  Capsules) . 
Half ormatiODB . 


In  accplialic  and  other  mnnstcrs  Uic  adrenals  may  be  atmpliied  or  entirely  aliaent. 
Sometimes  iu  well-fitrmed  adults  tlieae  organs  caanot  he  discovered.     There  may  be  lit- 


Fio.  210.— Fatty  Ueoenkratiom  or  titk  adrknal. 

tic  n)undod  nodulus  loosely  uttacLcd  m  tlic  surface  of  tlie  atlrenuls  and  having  the  Mme 
slruLtun;.  Accessory  and  niisplai'wi  adrenals  are  not  iinrK)mmon.  A  few  eases  have 
been  reported  of  accessory  adrenals  iu  tlie  bixtad  ligament.'  They  may  be  present  in 
the  liver' 

I(  one  kidney  lie  absent  or  in  an  nimormal  jMisition  its  adrenal  usually  retains  its 
propiir  position.* 

ATBOFHT  AND  DEOENEBATION. 

Atrophy  of  the  adrenals  may  be  extreme. 

Fatty  degeneration  of  tlie  cortical  portion  is  the  rule  in  the  adult.  It 
sometimes  occurs  iu  nodular  area.s  (Fig.  216).  In  children  under  five 
years  of  a^e  it  is  pathologiciil. 

Amyloid  degeneration  may  involve  hoth  the  cortical  and  medullary 
portions.  In  the  cortex  it  usually  involves  only  the  walls  of  the  blood- 
ves-sels;  in  the  medulla  both  the  blood-vessels  and  the  cells  of  the  paren- 
chyma may  uiidergo  this  degeneration.  The  oi^us  are  usually  firm 
and  have  a  grayish,  semitranslucent  appeanuioe. 

'See  Wartliiii.  American  Journal  of  Obslctrics,  vol.  xlii.,  IBOO,  bibl. 
'See  So!/e».  Trans.  New  Yorl;  Path.  Soc..  1899-lHOO. 

'  For  consideration  of  relati<)nsliip  of  the  adrc-nals  to  tlie  nervous  system,  sec  AUx- 
atuler.  Ziegler's  Iteitr.  z.  path.  Anat.,  Bd.  xl.,  p.  145,  bibi. 
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Pigmentation  of  the  inner  cortical  zoue  is  frequeut  in  old  persons. 
Focal  uecroses  may  occur  in  infections. 

THBOUBOSIS   AND   HLXHOBBHAQE. 

Venous  and  capillary  thrombosis  may  occur. 

Ill  childreu,  soon  after  birth,  it  is  not  very  infrequent  to  find  large 


hsemorrhi^e-s  in  one  of  the  adrenals,  converting  it  into  a  cyst  filled  with 
blood  (Fig.  217).     This  lesion  has  been  observed  iu  afew  cases  in  adults.' 

ikflamkAtion'. 

Sapporatlve  inflammation,  with  the  formation  of  abscesses,  has  been 
seen  in  a  few  cases. 

The  most  frequent  lesion  of  the  adrenals  is  tnberonlouB  inflammation. 
They  are  usually  increa.'^ed  in  size ;  their  surfaces  are  smooth  or  nodular. 
The  normal  structure  of  the  glan^  is  more  or  less  replaced  by  tubercle 
tissue,  which  usually  undergoes  cheesy  degeneration  and  may  soften. 
Fibrous  tissue  may  form  in  considerable  anionnt.  (See  Addison's  Dis- 
ease, page  362. )' 

Sypbilitio  inflammation,  with  and  without  the  det'elopment  of  gum- 
mata,  is  of  occasional  occurrence. 
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TtnCOKS. 


Sarcoma,  glioma,  and  endotheliama  occur  iii  the  adrenals. 

Henroma. — Ganglionic  uenromata  have  been  described  by  Weiehsel- 
baitm  and  Freeman. 

Hyperplasia  of  the  gland  tissue  (adenoma  or  Btmma  raprarenalia  lipo- 
matosa),  with  fatty  degeueration  in  the  form  of  circumscribed  nodules, 
is  of  occasional  occurrence. 

Adenomata  of  the  adrenals,  resembling  in  type  the  structure  of  the 
cortex,  may  form  as  large  vascular  tumors,  often  htemorrhagic,  which 
may  invade  the  neighboring  vessels  and  form  metastases.  Some  of  the 
so-called  adenomata  of  the  kidney  are  probably  adenomata  of  displaced 
accessory  adrenals  (see  page  644), 

Carcinoma  is  not  common,  but  may  be  primary  or  secondary. ' 

nors  of  Clie  adrenals,  eev  Ramms.  Johns 
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CHAPTER  V. 

THE  CntCm/ATOBY  SYSTEM. 
The  Pericardium. 

INJTTBIES. 

The  pericardium  may  be  injured  by  penetrating  weapoos,  by  gunahot 
wounds,  and  by  fragments  of  bone.  It  may  be  ruptured  by  severe  con- 
tusions of  the  thorax,  and  by  rapid  extravasation  of  blood  into  the  peri- 
cardial sac.  Perforations  may  occur  with  empyema,  mediastinal  abscesses, 
abscesses  of  the  chest  wall  and  of  the  liver,  or  in  connection  with  aneur* 
isms  of  the  aorta  and  suppurative  inflammation  of  the  pericardium. 


Extravasatious  of  blood  into  the  cavity  of  the  pericardium  may  fol- 
low wounds  and  rupture  of  the  heart,  rupture  of  the  aorta  and  of  aneur- 
isms, and  may  occur  with  pericarditis.  Small  extravasations  iu  the 
substance  of  the  pericardium  are  found  with  scurvy,  purpura,  and  in 
infectious  diseases. 

HTDBOPEBICARDraM.     (Dropfly.} 

At  autopsies  a  few  hours  after  death  a  few  cubic  centimetres  of  clear, 
light-yellow  serum  are  usually  present  in  the  pericai-dial  sac.  If  decom- 
position have  commenced,  this  may  be  reddish,  or  it  may  be  slightly  tur- 
bid from  the  falliug-off  of  the  pericardial  endothelium. 

Large  accumulations  of  clear  yellowish  serum  are  often  found  as  part 
of  general  dropsy  from  heart  disease,  kidney  disease,  etc.  The  amount 
is  sometimes  so  great  as  to  interfere  with  the  movement  and  nutrition  of 
the  heart. 

pNEnmoPEBicABDnru. 

Air  or  gas  in  the  pericardium  is  sometimes  present  as  the  result  of 
post-mortem  decomposition  and  may  be  accompanied  with  drjiug  of  por- 
tions of  the  pericardiiun.  Wounds  or  paracentesis  of  the  pericardium ; 
the  perforation  of  ulcers  of  the  stomach,  cavities  of  the  lungs,  and  ulcers 
of  the  (esophagus,  may  admit  air  into  the  pericardial  cavity.  In  puru- 
lent pericarditis  with  foul,  decomposing  exudate,  gases  may  be  evolved. 
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HTFLAHHATION.    (Peric&rdiU*.) 


Pericarditis  is  rarely  primary,  but  is  usually  secondary  to  infectiona 
diseases,  such  as  pneumonia,  pleurisy,  tuberculosis,  typhoid  fever,  endo- 
carditis, and  pyffiniia.     It  may  follcw  injuries  aod  is  frequently  associ- 


FlU.    218.— FiBRI.XII'S  PKH1(.'AKI)ITI£, 

The  perlcardkal  sac  la  laid  op«p  ami  Uie  bean  Is  se«D  covered  wlUi  au  lrn«ular  villous  later  ol  ObHn. 

ated  with  rheumatism  or  indammation  of  the  kidneys.  It  may  be  esm- 
dative  or  productive  in  character. 

EjntdatiTe  Pericarditii. — It  is  convenient  to  distinguish  in  exudative 
pericarditis  ^fibrinous,  a  sero-fbrinom,  and  apurulent  form. 

Fibrinous  and  Seko-fibeinoub  Pekicarditib. — In  the  earlier 
stages  or  lighter  forma  of  fibrinous  pericarditis,  the  whole  snrface  or 
portions  of  the  i»ericardium  may  be  dull  or  slightly  roughened  from  a 
delicate  fibrinous  pellicle,  more  or  less  hypersemic  ami  ofteu  studded  with 
minute  petechise.  Later,  if  the  exudate  accumulate,  the  entire  surface 
of  the  pericardium  may  be  covered  with  a  net -like  laj'er  of  thick  masses 
of  fibrin.  This  may  cover  both  the  visceral  and  parietal  snrfaces  and 
is  ofteu  beset  with  irregular  villosities  (Fig.  218).  Fibrinous  adhesions 
may  form  between  the  two  layers.  There  is  usually  some  serous  fluid 
as  well  as  leucocytes  mingled  with  the  fibrin. 

Serum  may  accumulate  in  considerable  quantity — aerv-Jibriwm«  p^- 
carditis.     The  pericardial  sac  may  be  greatly  distended  with  this  form  of 
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exudate  so  as  to  displace  the  heart  and  compress  the  lai^r  air  passages, 
the  (esophagus,  or  the  aorta. 

Purulent  Pericarditis. — In  this  form  of  exudative  pericarditis 
there  are  usually  more  or  less  serum  aud  fibrin  mingled  with  pus  cells  and 
often  red  blood  cells.  The  process  may  start  as  a  sero-fibrinous  infljon- 
mation.  It  is  apt  to  occur  as  an  ext«nsiou  of  an  infectious  process  in  the 
neighborhood  or  as  a  part  of  a  general  pysemic  process.  Streptococcus 
pyogenes,  micrococcus  lanceolatus,  staphylococcus  pyogenes  aureus,  and 
the  tubercle  bacillus  are  the  bacteria  most  commonly  found  in  exudative 
pericarditis. 

Chronic  PerioarditiB.— In  exudative  pericarditis  the  mesothelium'  (en- 
dothelium) in  the  early  stages,  and  later  this  with  the  underlying  connec- 
tive-tissue cells,  contribute  to  the  cellolar  elements  in  the  exudate.  In 
recovery  the  exudates  degenerate  and  ai-e  gradually  absorbed,  while  from 
the  blood-vessels  and  the  connective-tissue  cells  of  the  pericardium  more 
or  less  new  fibrous  tissue  is  formed,  at  first  very  cellular  and  vascular, 
later  dense  in  character.     There  may  finally  be  local  or  general  thicken- 


Fio.  219.— OBUTERiTtnN  or  THE  Pericardial  Bac  in  a  Child.  Followino 

Sbowtdg  bkiod-v«s)elg  (rrowlnR  trom  tbe  Ylaceisl  pertrardlum  IdIo  the  blow]  clot  fllllUB  tbe  mc.  Trans- 
Terse  lecUoo.  A.  Heart ;  B,  pericardium  ;  C.  new.formei]  Tsscular  tissue  eiteodlng  ibote  to  tbe  unorgan- 
ized plot.  A  similar  layer  or  new  tucuIu-  tissue  was  present  oier  Uia  parleul  pericardium,  and  In  places 
tbe  two  layers  bad  coalesced,  oblltenulne  tbe  sac. 

Ings  of  the  pericardium  or  adhesions  between  the  visceral  and  parietal 
layers.  The  new  fibrous  tissue  may  extend  between  the  subpericardial 
ninscle  fibres  of  the  heart.  Calcification  of  this  new-formed  fibrous  tissue 
may  occur. 

Obliteration  of  the  Pericardial  Sac, — As  the  i-esult  of  the  for- 
mation of  vascnlar  new  connective  tissue  between  the  pericardial  walls, 
the  sac  may  be  partially  or  wholly  obliterated  (Fig.  219). 

This  may  be  the  conclusion  of  an  a«ute  inflammatory  process  or  it 
'See  refereucc  to  Minot,  p.  B25. 
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may  resnlt  from  the  organization  of  a  blood  clot  following  bsemorrliage 
into  the  eac.    It  niay  occur  as  the  result  of  the  latter  process  early  in  life. 

Supra -AsTERiAL  Epicaedial  Fibroid  Nodules. —Small  fibrous 
nodules  are  occasionally  formed  along  the  branches  of  the  coronary  arte- 
ries, especially  on  the  surface  of  the  ventricles.  According  to  the  studies 
of  Knox'  they  are  frequently  associated  with  lesions  of  the  arteries,  lead- 
ing to  the  weakening  of  their  walls  at  these  situations. 

Tnberonloiu  Perioarditii. — This  lesion  may  occur  by  itself,  but  is  apt 
to  be  associated  with  other  tuberculous  inflammation  in  the  vicinity  of 
the  heart.  There  maybe  miliary  tubercles  scattered  diffusely,  or  limited 
to  certain  regions  in  the  pericardium,  which  is  otherwise  little  changed. 
Not  infrequently,  however,  there  is  a  considerable  thickening  of  the  peri- 
cardium, either  viscenil  or  parietal,  or  both. 

In  such  cases  the  new-formed  tissue  consists  of  fibrous  tissue  and  of 
tubercle  tissue  which  has  undergone  extensive  cheesy  degenei-ation  (Fig. 
220).  The  thickened  visceral  and  parietal  layers  of  the  pericardium  are 
often  more  or  less  grown  together,  so  that  the  pericjirdial  sac  may  be 
partially  or  almost  completely  oblitenited.  An  infiammatory  exudate 
often  accompanies  the  tuberculous  ji 


FJU,  KSO.— TVBKRCULOl'B  PKH [CARDITIS. 

Tbe  greatlj  tUckened  pericardluni  ebows  diffuse  tubercle  tiseue  wltli  giant  cells  and  Imgulnr 
cbeeny  degeneraUon.   The  tree  -  upper— Burtace  ia  covered  wllh  a  layer  ol  fresh  Bbrln. 


Fibromata  are  sometimes  developed  in  the  pericardium.  They  are 
often  of  polypoid  form,  and  from  atrophy  of  the  pedicle  may  become 
free  in  the  pericardial  sac.  Bndotheliomata  are  of  occasional  occurrence 
as  primary  tumois. 

Sarcomata  and  carcinomata  occur  as  secondary  growths  either  from 
continuous  infiltration  or  as  metastatic  tumors.  Primary  sarcoma  of  the 
pericardium  has  been  described.' 


»  WillmiM,  New  York  Med.  Jour,,  April  14tb,  1900, 1 
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Cyat>  of  the  visceral  pericardium  have  been  described.  We  have  seen 
a  pediiuculated  cyst,  cout^ning  about  6  c.c.  of  clear  fluid,  haugiog  into 
the  pericardial  sac  from  its  attachment  near  the  pulmonary  ari«ry.  The 
origin  of  such  cysts  is  obscure. 

The  Heart.  ■ 

Malibrmatio&a  and  ICalpoaitio&a. 

MAi.iWRMATtoN'i  OP  THE  Heart. — The  malfonnatioDs  uf  the  heart  are  iisualljr 
closely  associated  witli  tnalformations  of  the  aorta  and  pulmonary  art«ry.  They  de- 
pend on  arrest  of.  or  abnormal,  development;  on  endocarditis,  myocarditis,  thrombosis, 
or  mecliaDJcal  causes. 

I.  The  common  arterial  trunk  is  only  partially,  or  not  at  all.  separated  into  aorta 
and  pulmonary  artery.    The  divisions  between  the  heart  cavities  are  at  the  same  time 


defective,  so  that  there  may  be  one  ventricle  and  no  auricles;  one  ventricle  and  one 
auricle — reptilian  heart  (Fig.  831) ;  or  one  ventricle  and  two  auricles. 

II,  The  trunk  of  the  pulmonary  artery  or  of  the  aorta  is  atenosetl  or  obliterated,  and 
from  the  obstruction  to  the  ctirrent  of  blood  there  is  interference  with  the  development 
of  the  septa  between  the  heart  cavities. 

1.  The  aorta,  at  its  origin,  or  in  tlie  ascending  portion  of  the  arch,  is  stenosed  or 
closed.  The  pulmonary  artery  gives  off  the  descending  aorta,  and  supplies  the  carotids 
and  subclavians.    The  foramen  ovale  remains  open,  or  there  is  no  septum  between  the 

■  For  a  description  of  this  case  see  Xorthrup.  Trans.  N,  Y,  Path.  Soc.,  1888,  p,  41. 
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BUiklcB.     The  ventricular  Beptuni   U  also   usually  defective.     TLc  ri);lit  ventricle  Is 
hypeitrophied. 

2.  The  pulmonary  artery  is  slenoaed  or  closed.     lU  braoches  are  supplied  by  the 


no.  ffl£.— OFININCi   IN  THE   VKNTRJCCLAR  SEPTUM   Or  THB   HKJlRT— IrrTHBtKNTRlClLAR  FORiHCir. 

Tbe  opening  laabout  5  mm.  Id  dlameUtr.  and  lU  edseg  are  rormcd  by  Obrous  UsMie. 

aorlA,  tbrougli  the  ductus  arteriosus.    The  ventricular  ecptum  is  defective,  the  fotamen 
ovale  la  opeu,  or  the  auricular  septum  defective. 

III.  The  malformation  affects  tlie  aorta  and  pulmonary  artery  after  they  are  more 
fully  developed. 

1.  There  is  stenosis  of  the  aorta  between  the  left  subelaTisn  and  ductus  arteriosus, 
or  Just  at  the  opening  of  tlic  ductus  arteriosus.  The  descending  aorla  la  then  a  con- 
tinuation of  the  pulmonary  artery. 

3.  The  aorta  gives  off  all  its  branches  from  the  arch,  but  the  descending  aorta  is  a 
continuation  of  the  pulmonary  artery ;  or  the  carotids  may  spring  from  the  aorta,  the 
aubclavians  from  the  pulmonary  artery. 

S.  The  vessels  are  transposed ;  the  pulmonary  artery  arises  from  the  left,  the  aorta 
from  the  right  ventricle;  the  pulmonary  veins  empty  into  the  left,  the  vensE  cavw  into 
^e  right  auricle;  or  the  veins  also  may  be  transposed.     The  septa  are  defective. 

IV.  The  aorta  and  pulmonary  artery  are  normal,  but  thecardiac  septaare  defective. 

1.  The  foramen  ovale  remains  partly  open.  This  condition  may  continue  through 
life  without  ill  effects.  It  has  been  found  by  some  observers  in  about  one-flfth  of  their 
autopsies. 

2.  The  ductus  ari^riosus  may  remain  open  for  many  years;  this  also  may  cause  no 
disturbance. 

8.  There  is  a  small  or  large  opening  in  the  ventricular  septum,  usually  In  its  upper 
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part  (Fig.  333).    Tliis  may  give  rise  to  no  Bymptomg,  uulees  disease  of  tlio  heart  or 
luDga  be  superadded, 

V.  Either  of  the  auriculo- ventricular  orifices  may  bo  entirely  closed.    The  fora- 
men ovale  remains  open,  and  the  ventricular  septum  is  defective.' 

VI.  Tlie  valves  of  the  different  orifices  of  the  heart  may  be  absent  or  defective. 
The  arteries  or  the  ventricles  are  usually  jfefcctive  at  the  same  time. 

The  aortic  and  pulmonary  valves  i^y  consist  of  two  large  or  four  small  leaves, 


Re.  2!S.— FlHnTRATION  or  THK  BtMILCNJJl  valvks. 

instead  of  the  usual  three.  The  edges  of  the  semilunar  valves  maybe  fenestrated  (Fig. 
223).    These  alterations  are  usually  of  no  siguificauce. 

Generally  speaking,  the  existence  of  opeuings  between  tlie  two  auricles  or  tlie  two 
ventricles,  admitting  some  admixture  of  venous  and  arterial  blood,  produces  no  markeil 
cliangein  the  circulation.  If,  iiowever,  tlie  passage  of  the  current  of  venous  blood  into 
tlie  right  heart  is  in  any  way  interferwl  witti,  tlie  consequences  are  very  serious.  Cya- 
nosis is  produced,  tlie  skin  is  of  a  bluisli  color,  the  small  veins  and  capillaries  are  dilated, 
exudation  of  serum  and  bypertropliy  of  connective  tissue  take  place,  especially  in  the 
fingers  and  toes. 

There  may  be  attsence  of  the  heart;  abnormal  septa  and  chords  teudinetc  (Pig, 
224)  In  the  heart  cavities:  abnormal  shapes  of  the  heart.  Very  rarely  two  more  or  less 
perilect  hearts  are  found  in  the  same  thorax. 

MALPosmONfl  OP  THE  Heart.— (I)  There  is  a  smaller  or  larger  defect  in  the  walls 
of  the  thorax,  so  that  the  heart  projects  on  the  outside  of  tlie  chest;  tlie  pericardium  is 
usually  absent. 

(2)  The  diaphragm  is  absent,  and  the  heart  is  in  the  abdominal  cavity. 

(3)  Tlie  iieart  is  iu  some  part  of  the  neck  or  head ;  this  occurs  only  In  fietuses  very 
much  malformed. 

(4)  The  heart  is  transposed,  being  on  the  right  side. 

Abnormai.  Size  op  the  Heart. — (1)  The  heart  may  lie  abnormally  large  in  con- 
nection with  obstructive  anomalies  of  the  great  vessels. 

(2)  The  heart  may  be  abnormally  small  (tiypoplasia).  This  abnormality  is  apt  (o 
be  associated  with  the  so-called  status  lympbaticus  (see  page  867). 

DisPLACEUENTS  OF  THE  Heakt. — Changes  in  the  position  of  the  heart  are  con- 
genital or  acquired.     The  congenital  malpositions  have  already  been  mentioned. 

Tlic  acquired  malpositions  may  be  associated  with: 

1.  Hypertrophy  of  the  heart;  its  long  axis  approaching  the  horizontal  position. 

2.  Changes  in  the  thoracic  viscera.     Emphysema  of  both  lungs  may  push  the  heart 
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downwEird.  Empbysenia,  plwurisy  with  uffuBioii,  or  pueumothomx  ot  ODe  Bide  pushes 
the  heart  to  the  other  side.  Pleurisy  or  chronic  pDeiimoDift,  producing  retraction  of  one 
side  of  the  thorax,  draws  the  heart  to  that  side.  New  growths,  aneurisms,  and  curva- 
tures of  the  spine  displace  the  heart  in  various  directions. 

3.  ChoDges  in  the  abdomen.     Accumulations  of  fluid  and  ocw  growths  in  the  ab- 
domen, and  tympanites,  may  push  the  heart  upward. 


WOtTNDS  AND  K'OTTUBES. 

WonndB  of  tlie  heart  are  most  frequently  made  by  penetrating  instni- 
ments,  by  bullets,  and  by  fragments  of  bone.  The  right  ventricle  is  the 
more  frequently  wounded  (Fig.  225) ;  next  the  left ;  rarely  the  auricles. 
The  wound  may  penetrate  into  the  cavities  of  the  heart  or  pass  only  partly 
through  its  wall,  or  a  bullet  or  the  broken  end  of  a  weapon  may  be  em- 
bedded in  the  wall.  If  the  wound  penetrate  a  cavity  and  be  gaping, 
death  may  follow  instantly  and  the  pericardium  be  found  filled  with 
blood.  If  the  wound  be  small  and  oblique,  the  blood  may  escaiw  grad- 
ually and  death  may  not  ensne  for  several  days.  In  rare  cases  adhesions 
are  formed  with  the  pericardium  and  the  wound  cicatrizes.     Wounds 


Digitized  by  Google 


THE   CIECULATOHY  SYSTEM.  427 

which  do  not  penetnite  may  cause  death  by  the  inflammation  which  they 
excite,  or  they  may  cicatrize. 

Bullets  and  foreign  bodies  may  become  encapsulated  in  the  heart  wall 
and  remaiu  so  for  years. 

Rupture  of  tlie  heart  wall  occurs  in  various  ways  : 

1.  Severe  contusions  of  the  thorax  may  produce  rupture,  usually  of 
oue  of  the  auricles. ' 


2.  Spontaneous  ruptnre  occurs  ttsnally  in  advanced  life.  Rupture 
is  most  frequent  in  the  left  ventricle,  and,  in  a  considerable  proportion  of 
cases,  near  the  apex.  There  is  usually  one  rupture,  but  sometimes  there 
are  more.  The  rupture  Is  usually  oblique  and  larger  internally  than  ex- 
ternally. The  heart  wall,  near  the  seat  of  rupture,  may  be  infiltrated  with 
blood,  or  blood  may  infiltrate  the  subpericardial  fat.  The  heart  wall 
may  be  of  normal  thickness,  or  thin ;  it  is  usually  soft  and  in  a  condition 
of  fatty  infiltration  or  degeneration.  The  rupture  very  frequently  takes 
place  when  the  patient  is  quiet.  Death  may  be  almost  instantaneous  or 
may  not  ensue  for  several  hours. 

Fatty  degeneration  leading  to  rupture  of  the  heart  may  be  general,  or 
it  is  frequently  circumscribed  and  due  to  obliterating  endarteritis,  athe- 

17tb,  1899,    Also  HamiU<m. 
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roma,  thrombosis,  or  embolus  of  one  of  the  coronary  arteries,  whereby  a 
portioD  of  the  heart  wall  is  deprived  of  Dourishment  aud  (legeneratea  Or 
ruptnre  of  a  brauch  of  one  of  the  coronary  arteries  may  induce  rupture 
of  the  heart  wall.  Acute  and  chronic  myocarditis,  with  or  without  the 
formation  of  abacess  or  cardiac  aiieurism,  or  the  presence  of  tumors  in  the 
heart  wall,  or  hydatids,  may  lead  to  rupture. ' 

3.  In  rare  cases  rupture  is  associated  with  steuosis  of  the  aorta  and 
dilatation  of  the  heart  cavities, 

4.  Kupture  of  the  papillary  muscles  and  tendons  may  be  due  to  fatty 
degeneration  or  inflammatory  or  ulcerative  processes. 

ATBOPHT. 

Atrophy  of  the  walls  of  the  heart  may  be  accompanied  with  no  change 
in  the  size  of  its  cavities ;  or  with  dilatation  ("passive  dilatation");  or, 
more  frequently,  with  diminution 
in  the  size  of  the  cavities. 

The  atrophy  involves  most 
frequently  all  the  cavities  of  the 
heart,  but  may  be  confined  to  one 
or  more  of  them. 

The  muscular  tissue  appears 

normal,  or  may  be  brown  from  the 

^  presence  of  little  granules  of  pig- 

fi]  ment  iu  the  muscle  fibres,  which 

l]  are   sometime   present   in  large 

numbers — brown  airophy  ;    or  the 

muscle  fibres  may  undergo  fatty 

degeneration ;  or  there  may  be  an 

Fio.  aas.— ATROPHIC  PKRicARDiAL  FIT  TiBSDE.        abuormal    accumulation    of    fat 

From  a  jomg  person  deadot  cardnomaof  tbeglnm-       beucath  the  pericardium  ;    Or  there 

^nd  ,«hlooeun..    Bulned  with  o.mlc  add  and      ^^^     ^    ^     peculiar     gelatinOUB 

material  beneath  the  pericardium 

— this  con.'^ists  of  fat  which  has  undergone  mucous  degeneration.     The 

heart  may  be  so  much  atrophied  as  to  weigh  only  four  ounces. 

Atrophy  of  the  heart  may  be  congenital;  it  may  be  associated  with 
repeated  hemorrhages  or  wasting  diseases,  or  senility,  with  chronic  peri- 
carditis, with  effusion,  with  obstructive  lesions  of  the  coronary  arteries, 
with  chronic  myocarditis,  or  mitral  stenosis. 

Atrophy  of  the  Pericardial  Fat  Tiwuc  not  infi'equently  occurs  in  per- 
sons emaci^rted  by  chronic  disease,  and  then  the  usual  situations  of  the 
fat  are  occupied  by  a  tissue  resembling  mucous  tissue  iu  its  gross  charac- 
ters. Microscopical  examination  shows  that  in  this  atrophic  fat  the  fat 
cells  have  largely  lost  their  contents,  and  the  whole  tissue  has  undergone 
a  pariial  reversion  to  its  embryonic  form  (see  Pig.  226). 

o  Ihe  Heart."    BosMin  Med.  and 
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Hypertrophy  may  involve  the  walla  of  one  or  more  or  all  the  cavities 
of  the  heart.  While  the  wall  of  a  ventricle  is  thickeued,  its  cavity  may 
retain  its  nonual  size — simple  hyperti-opky ;  or  he  dilated — fxcentric  hyper- 
trophy ;  or  it  may  be  contracted — coiicentric  hypertrophy. 

C^re  Bhonld  always  be  exercised  in  judging  of  this  condition,  for  a 
firmly  contracted  heart  seems  to  have  a  small  cavity  and  thick  walls. 
The  existence  of  such  a  condition  as  concentric  hypertrophy  is  denied  hy 
some  authors.  Exeentric  hypertrophy  is  the  most  common  form.  Sim- 
ple hypertrophy  is  not  common,  but  may  occur  in  connection  with  the 
atrophied  kidneys  of  chronic  diffuse  nephritis.  The  muscle  tissue  in 
hypertrophied  hearts  is  firmer  and  denser  than  normal,  and  is  apt  to  have 
a  darker  color.  Fatty  degeneration  may,  howver,  be  associated  with 
it,  giving  the  walls  a  lighter  appearance.  It  is  probable  that  the  increase 
of  tissue  in  the  hypertrophied  heart  wall  is  the  result  of  increase  both  in 
size  and  numt>er  of  the  muscle  fibres. ' 

Hyi>ertrophy  of  both  ventricles  increases  both  the  length  and  breadth 
of  the  heart.  Hypertrophy  of  the  left  ventricle  (alone)  increases  its 
length.  The  apex  is  then  lower  and  farther  to  the  left  than  usual.  Hy- 
pertrophy of  the  right  ventricle  (alone)  increases  the  breadth  of  the 
heart  toward  the  right  side;  but  sometimes  the  right  edge  of  the  heart 
retains  its  normal  situation  and  the  apex  is  displaced  to  the  left.  With 
large  hypertrophy  of  both  ventricles,  the  base  of  the  heart  may  sink,  so 
that  its  long  axis  approaches  a  horizontal  direction. 

Hypertrophied  hearts  may  weigh  from  forty  to  fifty  ounces,  or  even 
more. 

Hypertrophy  of  the  heart  may  depend  upon  a  variety  of  conditions 
which  increase  its  work, 

1.  Changes  in  the  valves;  either  insufficiency  or  stenosis  in  the 
valves  leading  from  a  cavity,  and  insuificiency  in  valves  leading  to  a 
cavity,  may  induce  hypertrophy  of  its  walls. 

2.  Obstruction  to  the  passage  of  blood  through  the  arterial  system, 
as  in  arterio-sclerosis  and  other  lesions  of  the  arteries;  congenital  oi 
acquired  stenosis  of  the  aorta  or  other  vessels,  pressure  of  tumors,  etc., 
ou  vessels.  Certain  forms  of  chronic  diffuse  nephritis,  especially  atro- 
phied kidneys,  lead  to  hypertrophy  of  the  left  ventricle,  and  sometimes 
secondarily  to  hypertrophy  of  the  right  ventricle. 

3.  Obstruction  to  the  passage  of  blood  through  the  pulmonary  artery 
by  stenosis  or  by  certain  diseases  of  the  lungs,  particularly  emphysema 
and  chronic  phthisis,  may  lead  to  hypertrophy  of  the  right  ventricle, 
and,  secondarily,  of  the  right  auricle  and  left  ventricle. 

4.  Any  cause,  whether  muscular  or  nervous,  which  increases  the  ra- 
pidity and  force  of  the  heart's  contractions,  may  induce  hypertrophy. 

'  For  a  suggestive  study  of  cardiac  hypertrophy  see  Wfleh,  "  Adaptation  in  Patho- 
logjcal  Processes."    Trans.  Coagr.  of  American  Pbysicians  and  Surgeons,  vol.  iv.,  18i)T. 
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5.  Dilatation  of  the  ventricles,  from  any  cause,  is  frequently  followed 
by  hypertrophy. 

6.  Pericarditis  may  lead  to  hypertrophy  hy  inducing  softening  and 
dilatation  of  the  ventricles,  or  by  leaving  adhesions  which  obstruct  the 
heart's  action.     Chronic  myocarditis  also  may  lead  to  hypertrophy. 

Finally,  for  some  cases  of  hypertrophy  no  satisfactory  cause  can  be 
found. ' 

It  should  be  borne  in  mind  that  an  increase  in  the  amount  of  fat  in 
and  about  the  heart  may  make  the  organ  appear  larger,  when  there  may 
be  actually  a  considerable  decrease  in  the  amount  of  muscle  tissue. 

DILATATIOK. 

Dilatation  may  be  combined  with  hypertrophy — active  dilatation ;  or 
there  may  be  no  increase  of  muscle  tissue,  but  a  thiuning  of  the  walls 
proportionate  to  the  dilatation  of  the  cavity — paemve  dilatation. 

Either  one  or  all  of  the  heart  cavities  may  be  dilated,  the  auricles 
most  frequently ;  next  the  right  ventricle ;  least  often  the  left  ventricle. 

Active  dilatation  has  been  considered  under  hypertrophy. 

Passive  dilatation  may  be  associated  with : 

1.  Changes  in  the  vah'es.  Mitral  or  aortic  stenosis  or  insufficiency 
may  lead  to  dilatation  of  the  auricles  and  nght  ventricle.  Pulmonary 
stenosis  or  insufficiency  may  lead  to  dilatation  of  the  right  auricle  and 
right  ventricle.  Aortic  insufficiency,  with  or  without  stenosis  or  mitral 
insufficiency,  may  lead  to  dilatation  of  the  left  ventricle.  Dilatations 
under  these  conditions  are  often  succeeded  and  compensated  for  by 
hypertrophy  of  the  heart  walls. 

2.  Changes  in  the  muscle  tissue  of  the  heart  walls.  Serous  infiltra- 
tion from  i)ericarditis,  myocarditis,  fatty  degeneration  and  infiltration, 
atrophy  of  the  muscle  fibres,  may  all  lesMl  to  dilatation. 

3.  A  heart  which  is  already  liypertrophicd  may,  from  degeneration 
of  the  muscle,  become  dilated, 

4.  Acute  exudative  inflammations  of  the  lungs  and  acute  pleuritic 
exudations,  by  rendering  a  lai^e  number  of  vessels  .suddenly  imperme- 
able to  the  blood  currtnit,  may  prodiice  sudden  stasis  in  the  pulmonary 
artery  and  dilatation  of  the  right  heart. 

5.  There  are  curious  and  often  serious  cases  of  acute  and  chronic 
dilatation  of  the  ventricles  for  which  no  mechanical  explanation  is  found. 

CHAKOES   IN   THE   HEAUT   VAXVES. 

Fenestration  of  the  valves  is  usually  a  change  of  no  practical  impor- 
tance. It  occurs  very  frequently  in  the  aortic  and  pulmonary'  valves.  The 
valves  may  be  thinner  than  usual,  and  close  to  their  free  edges  are  small 
slits  extending  from  the  centre  to  the  attached  edges  of  a  leaf  (Fig.  208). 

'  noieiirtt't  table  of  105  cases  of  cariJiac  liyporCrophy  shows  Its  association  with 
arterio -sclerosis  in  liS  per  cent;  with  Dtpliritis  Id  18.4  perceut;  with  valvular  lesion  in 
1S.4  per  cent.     Johns  Hopkins  Hospital  Ik'ports,  vol.  iil. ,  p.  265. 
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Aneurisms  of  the  valves  are  formed  iu  two  ways: 

1.  They  are  the  result  of  endocai-ditis.  One  of  the  lamellce  of  the 
leaf  of  a  valve  is  destroyed,  and  the  other  lamella  is  couvert«d  into  a  sac 
filled  with  blood.  These  aneurisms  are  found  in  the  aortic  valve,  pro- 
jecting into  the  ventricle;  and  iu  the  mitral  valve,  projecting  into  the 
auricle.  Not  infrequently  the  wall  of  the  aneurism  gives  way,  so  that 
there  is  a  rupture  entirely  through  the  valve. 

2.  The  entire  thickness  of  a  leaf  of  a  valve  ia  pouched,  forming  a  sac 
filled  with  blood.     This  occurs  in  the  aortic,  mitral,  and  tricuspid  valves. 

HEemorrliage  in  the  substance  of  the  valves  is  sometimes  found  in  very 
young  children. 

AKXnmiSK    OF    THE    HKAST. 

Sacs  filled  with  blood,  situated  in  the  walls  of  the  heart  and  commnni- 
eating  with  its  cavities,  are  formed  in  several  dlfierent  ways. 

1.  In  interstitial  myocarditis  a  small  or  lai^  portion  of  the  wall  may 
be  replaced  by  fibrous  tissue,  and  this  yielding  to  the  pressure  of  the 
blood  from  within,  may  be  pressed  outward.  Such  a  pouch  may  he  a 
circumscribed  sac  communicating  with  the  heart  cavitj'  by  a  small  open- 


-  A.MlTillSlI  or  THE  HiART  OPIMNa    FROM  THE  LUT    VENTRICLE  It 

Seen  from  behind. 
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ing,  or  may  be  a  simple  dilatatiou  of  part  of  the  ventricle.  The  wall  of 
such  an  aneurism  becomes  thiuner  as  the  sac  increases  in  size.  It  is  com- 
posed of  the  endocardium,  uew  fibrous  tissue,  visceral  pericardium,  and 
sometimes  the  adherent  parietal  pericardium.  The  walls  may  calcify,  or 
rarely  they  become  so  thiu  as  to  rupture  externally  or  into  the  right  ven- 
tricle.    The  sacs  may  contain  fluid  blood  or  be  filled  with  fibriu. 

Such  aneurisms  are  usually  situated  in  the  wall  of  the  left  ventricle; 
rarely  in  that  of  the  left  auricle.  If  they  are  in  the  septum  they  may 
project  into  the  right  veutricle  or  auricle  (Fig.  227).  They  are  usually 
single,  but  sometimes  two  or  three  are  found  in  the  same  heart. 

2,  Fatty  degenei-ation  of  the  heart  wall  may  reach  such  a  degree  that 
the  wall  yields  and  is  pouched  out  into  an  aueurismal  sac. 

3.  Endocarditis  and  myocarditis,  or  fatty  degeneration,  may  so  soften 
a  portion  of  the  heart  wall  that  the  endocardium  and  part  of  the  muscu- 
lar tissue  are  ruptured  and  a  ragged  cavity  is  formed.  This  form  of  an- 
eurism usually  does  not  attain  a  large  size,  but  soon  ruptures  externally 
and  causes  the  death  of  the  patient. 

Small  aneurisms  of  the  sinus  of  Valsalva  are  of  occasional  occurrence. 

THBOUBOSIS  OF  THE  HEART . 

It  is  common  to  find  after  death,  in  the  heart  cavities,  yellow,  succu- 
lent, semi-trausluceut  masses.  They  are  most  common  and  of  firmest 
texture  in  persons  who  die  of  acute  Inflammatory  diseases.  They  may 
adhere  quite  firmly  to  the 
walls  of  the  heart,  and  may 
extend  in  loiig,  branching 
cords  into  the  vessels.  They 
are  formed  in  the  last  hoars 
of  life  and  just  after  death. 
They  have  no  clinical  or  pa- 
thological importance. 

Coagula  of  the  fibrin  of  the 
blood  in  the  heart  do,  how- 
ever, form  during  life,  and 
may  exist  for  years.  If  the 
fibrin  adheres  to  the  valves  in 
small  masses  these  are  called 
vegetations;  if  it  coagulates 
in  the  heart  cavities  in  larger 
bodies  they  are  called  thrombi 
or  heart  polypi. 

Such    thrombi   are  found 
in    all    the    heart    cavities. 
They   form    fiattened  masses 
firmly  adherent  to  the  endo- 
Tue  turombu.  khs  dark  red  Id  color,  with  «mc»th  Mirfsce.      cardium ;  or  rouuded    bodies 


Pig.  228.— Poltpoid  throhbihi  in  the  left  a< 
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in  the  spaces  between  the  trabeculie ;  or  have  a  polypoid  shape  and  are 
attached  by  a  narrow  pedicle  (Fig.  228),  or  very  rarely  are  globnlar  and 
free  in  the  cavity  of  the  auricle  (Fig.  229),     Cardiac  thrombi  are  moat 


PlO.  Zat.— LAUII  OLOBITUJI  TBROHBDB  in  TBI  KIORT  ADRICU  OT  TBI  HURT. 

freqneut  in  the  auricular  appendages  and  between  the  columns  carneee 
near  the  apices  of  the  ventricles. 

They  are  usually  found  in  connection  with  some  valvular  lesion  (Fig. 
230),  which  involves  a  roughening  of  the  surface,  or  prevents  the  free 
circulation  of  blood  through  the  heart.' 

Old  cardiac  thrombi  are  firm,  dry,  and  of  a  whitish  color ;  they  may 
Bofteu  and  break  down  at  their  centres,  so  as  to  look  like  cysts  filled 
with  pus,  or  they  may  calcify.  They  are  usually  entirely  unorganized, 
consisting  simply  of  fibrin,  but  may  become  organized. 

Cases  are  reported  of  oi^nized  thrombi  in  the  auricles,  the  seat  of 
tuberculous  inflammation.' 

'  For  a  atudy  of  cardiac  thrombosis  see  Mai-tin,  and  Bennie,  TiBDCct,  189B,  il.,  p.  783. 
See  also  Weleh'm  Allbutt's  "System  of  Medicine,"  vol.  vi.,p.  183. 

^Kotlar,  Ref.  Cbl.  f.  Bak.,  Abth.  1,  Bd.  xv.,  p.  498,  1884;  also  Mour.  I.  c,  p.  406. 
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SometimeB  sarcomatous  aud  carcinomatous  tnmoi«  in  different  parts 
of  the  body  are  accompanied  by  the  formatioo  of  thrombi  in  the  heart 


Fio.  sao— Thhohbvs  Formkd  over  the  rodohbned  Edok  Of  THE  Mitral  Vilte. 

cavities,  which  are  composed  partly  of  coagulated  blood,  partly  of  tis- 
sue like  that  of  the  primary  tumor, 

DEdENEKATION. 

Albominotis  Degeneration.    (Farenobymatons  Degeneration.) — This  le- 
sion frequently  occurs  in  diphtheria,'  typhoid  and  typhus  fever,  pytemia, 
■  erysipelas,  and  other  infectious  diseases,  as  a  result  of  burns,  and  under  a 
variefy'of  other  couditioDs.     It  is  characterized  by  the  presence  in  the 
muscle  fibres  of  the  heart  of  greater  or  less  numbers  of  albuminous  gran- 
ules of  various  sizes,  most  of  them  very  small.     They  are  not  as  refracHle 
as  fat  droplets,  and  are  insoluble  in  ether,  while  swelling  up  and  be- 
coming almost  invisible  under 
the  influence   of  acetic    acid. 
Sometimes  they  are  so  abun- 
dant  as   to  conceal  the  stria- 
tions   of  the  fibres.     The  de- 
generation is  usually  quite  uni- 
formly  diffused    through   the 
heart,   whose  walls  are  softer 
than  normal  and  of  a  grayish 
color.     This  lesion  may  be  as- 
sociated with   or   followed  by 
Fio.  331.— fattt  DKOENERATios  oif  HE4BT  MusciK.     fatty  dcgcneration. 

Fatty  Degeneration    of  the 
Heart  HuBole. — This  consists  in  the  transformation  of  portions  of  the  mus- 
cle fibres  of  the  heart  into  fat,'  which  collects  in  the  fibres  in  larger  and 
smaller  droplets,  sometimes  few  in  number,  sometimes  so  abundant  as 
'  See  reference,  p.  260  '  See  in  tliia  ci 
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entirely  to  destroy  or  conceal  the  normal  striations  (Fig.  231).  These 
droplets  are  soluble  in  ether,  and  remain  unchanged  on  treatment  with 
acetic  acid.  This  degeneration  ie  sometimes  quite  universal,  but  is  more 
apt  to  occur  in  patches,  giving  the  heart  muscle  a  mottled  appearance. 
This  mottling  may  usually  be  best  seen  on  the  papillary  muscleB.  The 
degenerated  areas  have  a  pale  yellowish  color,  and  the  muscle  tissue  is 
soft  and  flabby ;  but  when  moderate  or  slight  in  degree  the  gross  appear- 
ance may  he  little  changed,  and  the  microscopical  examination  he  neces- 
sary for  its  determinatiou.  This  degeneration  may  lead  to  thinning  of 
the  walls,  or  to  rupture  of  the  heart,  or  to  inability  to  fulfil  its  functions. 
It  is  not  infrequently  the  cause  of  sudden  death. 

Fatty  degeneration  may  be  secondary  to  hypertrophy  of  the  heart,  to 
Inflammation  of  the  heart  muscle,  or  to  pericarditis ;  to  disturbances  of 
the  circulation  in  the  coronary  arteries  by  inflammation,  atheroma,  etc. 
It  may  be  due  to  deteriorated  conditions  of  the  blood  in  wasting  diseases, 
excessive  htemorrhages,  exhausting  fevers,  leukstmia,  etc.,  to  poisoning 
with  phosphorus  and  arsenic,  and  to  the  toxins  of  microbic  origin  de- 
veloped in  infectious  diseases,  such  as  diphtheria,  scarlatina,  typhoid 
fever,  etc'     It  may  occur  in  otherwise  apparently  healthy  persons. 

Fatty  DegeneratioiL  of  the  Endocardium, — It  is  not  uncommon  to  find, 
especially  in  elderly  persons,  fatty  degeneration  occurring  in  pato-hes, 
especially  on  the  valves,  but  also  on  the  general  endocardium.  It  may 
also  occur  in  ill-nourished  and  aniemic  individuals.  Small,  or  even 
considerable,  areas  of  fatty  degeneration  appear,  as  a  rule,  to  be  of  lit- 
tle or  no  clinical  significance.  They  are  at  least  not  inconsistent  with 
perfect  health.  In  these  areas  of  fatty  degeneration  the  connective- 
tissue  cells  are  more  or  less  completely  filled  nnth  larger  and  smaller  fat 
droplets. 

Amyloid  DegeneratiotL  of  the  endocardium  or  the  walls  of  the  blood- 
vessels and  intermuscular  connective-tissue  septa  is  a  not  very  infre- 
quent, but  usually  not  very  important  lesion. 

Hyalin  Degeueratiou  sometimes  occurs  in  the  blood-vessels  and  in  the 
muscle  fibres. 

There  may  be  oaloifloation  of  the  products  of  inflammation  in  pericar- 
ditis, or  of  connective 'tissue  membranes  in  chronic  pericarditis;  in  the 
latter  case  the  heart  may  be  more  or  less  enclosed  by  a  calcareous  shell. 
The  muscle  fibres  of  the  heart  wall  may,  though  rarely,  become  densely 
infiltrated  with  salts  of  lime. 

Fatty  Infiltration. — This  lesion,  which  should  be  clearly  distinguished 
from  fatty  degeneration,  consLsts  of  an  uuusual  accumulation  of  fat 
about  the  heart  and  between  its  muscle  fibres. 

The  subpericardial  fat,  which  may  be  present  in  considerable  quantity 
under  uormul  conditions,  may  be  so  greatly  increased  in  amount  as  to 
form  a  thick  envelope  enclosing  nearly  the  entire  oi^n.  Sometimes  the 
accumulation  of  fat  extends  into  the  walls  of  the  heart,  between  the 
muscles,  causing  atrophy  of  the  latter,  frequently  to  a  very  great  extent 
'  Consult  fUxner,  Johns  HopklDS  Hospital  BuHellu.  vol.  v.,  p.  36,  1694. 
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(Fig.  232).  SO  that  the  functiou  of  the  heart  is  seriously  interfered  with. 
This  occurs  sometimes  iu  general  obesity,  or  as  a  result  of  chronic  peri- 
carditis, or  in  drunkards,  or  iu  debilitated  or  old  persons. 


Tio.  KB.— FiTTV  Infiltration  or  the  Heart— Litouatosis. 


8EOHENTATZON  AND  FRAOHENTATION    OF    THE    UTOCABSimE. 

Attention  has  been  called  by  a  number  of  observers  to  a  condition  of 
the  heart  muscle  sometimes  observed,  it  is  said,  in  acute  infections  dis- 
eases, in  acute  and  chronic  diseases  of  the  central  nervous  system,  and 
in  sudden  death  from  a  variety  of  causes.  The  muscle  tissue  is  soft,  fri- 
able, opaque,  and  often  yellowish.  Examination  shows  a  loosening  of 
the  muscle  cells  from  one  another,  as  if  by  some  change  in  the  cement 
snbstance — gegmentation — or  the  fibres  may  be  broken  across— /m^JKento- 
tion.  The  significance  of  this  alteration  is  not  yet  fully  established,  for 
though  in  some  cases  it  is  associated  with  degeneration  and  other  changes 
in  the  heart  muscle,  iu  others  these  are  not  present  and  the  alteration 
may  be  agonal,   or  it  may  in  some  instances  be  due  to   post-mortem 


THROMBOSIS    AND    BHB0LZ8M    OF    THE    COBONABT    ABTERIEB. 

Tbromboiis. — This  may  occur  in  association  with  endarteritis  of  tbe 
coronaries  or  f rom  their  occlusion  at  their  orifices,  either  by  iufiammation 
of  the  aorta  or  by  vegetations  or  clots  on  the  aortic  valves.     'While  the 
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blocking  of  one  main  trunk  of  the  coronary  artery  may  cause  sudden 
death  this  is  not  always  the  ease.  The  iuterventricular  branch  of  the 
left  coronary  artery  is  the  most  frequent  seat  of  thromboBis,  so  that  iu- 
farction  which  nsoally  follows  thrombosis  is  most  often  sitnated  in  the 
anterior  wall  of  the  left  ventricle  and  the  lower  portion  of  the  interven- 
tricular septum.  The  characters  of  sQch  infarctions  and  the  processes 
which  follow  are  given  below. 

Emboligm  of  the  coronary  arteries  is  much  less  common  than  thrombo- 
sis and  may  be  followed  by  similar  lesions  of  the  myocardium.  Infec- 
tive emboli  are  frequent  excitants  of  suppurative  lesions  of  the  myocar- 
dium. 

IHFLAiaCATIOH. 

Myocarditis. 

The  inflammatory  changes  in  the  walls  of  the  heart  involve  primarily 
the  interstitial  tissue  and  blood-vessels,  the  muscle  fibres  being  secon- 
darily affected  by  atrophic  and  degenerative  changes. 

Interstitial  Myocarditia  may  be  acute  and  suppurative,  or  chronic  with 
the  formation  of  uew  connective  tissue. 

Acute  Suppurative  Hyocarditia  may  be  diffuse,  infiltrating  the  wall  of 
the  heart  with  pus.     This  may  occur  as  a  complication  of  infectious  dis- 


FiG.  28S.— BiCTiRUL  Embolus  in  Hkart  Hlscli. 

'].  K)  Ibat  Uie  laller  ts  Rldely  dlslended.  Tba 

eases,  such  as  scarlatina,  diphtheria,  typhoid  fever,  gonorrhoea, '  or  may 
be  associated  with  ulcerative  endocarditis.' 

More  frequently  the  suppurative  inflammation  is  circumscribed,  re- 
sulting in  abscesses.  These  occur  with  pysemia,  mycotic  ulcerative  endo- 
carditis, and  other  infectious  diseases.  They  are  of  different  sizes  and 
either  single  or  multiple.     They  are  produced  by  the  lodgment  of  infec- 

'For  a  considemtion  of  gonoTrliwal  nivocardilia,  consult  Councilman,  American 
Journal  of  the  Medical  Sciences,  vol.  cvi,,  n.'277,  1893. 

'  For  a  special  study  of  this  mode  of  origin  see  Josierand  and  Bonnet,  Arcb.  de 
Hedeclne  exp.  et  d.  Path,  anat.,  t.  xi.,  p.  570,  1»99. 
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tious  emboli  in  small  vessels.  There  is  at  first  necrosis  of  the  muscle 
fibres  uear  the  bacterial  mass  (Fig,  233),  followed  by  local  siippuratiou 
and  the  formatioQ  of  abscess.  The  cootents  of  the  abscesses  consist  of 
pus,  broken-down  moscle  tissue,  and  bacteria.'  These  abscesses  may 
open  into  the  pericardial  sac  and  set  np  a  purulent  pericarditis;  or  into 
a  heart  cavity,  giving  rise  to  thrombi  in  the  heart  and  infective  emboli  in 
different  parts  of  the  body ;  or  the  wall  of  the  heart  is  weakened  by  the 
abscess  so  that  it  ruptures,  or  an  aneurismal  sac  is  formed ;  or  an  abscess 
in  the  interventricular  septum  may  establish  an  opening  between  the 
ventricles;  or  the  suppurative  process  may  extend  upward  and  form  an 
abscess  in  the  connective  tissue  at  the  base  of  the  heart.  Streptococcus 
and  staphylococcus  pyogenes  are  the  most  common  excitants. 

Id  rare  cases  the  patients  recover,  the  contents  of  the  abscesses  be- 
come dry  and  hard,  and  enclosed  by  a  wall  of  fibrous  tissue,  or  the  con- 
tents may  be  absorbed  and  the  whole  replaced  by  fibrous  tissue. 

Chronic  Interstitial  Hyocarditii  may  be  associated  with  chronic  peri- 
carditis or  endocarditis ;  but  iu  a  lai^e  proportion  of  cases  it  occurs  in 
connection  with  lesions  of  the  coronary  arteries. 

When  through  obliterating  endarteritis,  atheroma,  thrombosis,  or 
embolus  of  a  branch  of  the  coronary  arteries,"  the  blood  su]»ply  is  cut  off 
from  a  circumscribed  portion  of  the  heart  wall,  the  tissue  in  the  affected 
area  may  undergo  fatty  degeneration,  leading  to  rupture.'  Or,  instead 
of  extensive  fatty  degeneration,  the  cutting  off  of  the  blood  supply  from 
a  limited  region  may  result  in  necrosis — white  infarction.  These  areas, 
graylsb  iu  color,  often  slightly  projecting  from  the  surface,  are  fre- 
quently surrounded  by  a  red  zone  of  hyperemia.  The  nuclei  of  muscle 
and  fibrous  tissue  fail  to  stain,  the  muscle  cells  become  necrotic,  lose 
their  striatiou  and  degenerate,  and  may  be  absorbed  or  gradually  replaced 
by  fibrous  tissue.  \V'heu  larger  areas  are  involved,  the  muscle  fibres 
may  break  down  into  a  granular  detritus  and  the  connective  tissue  about 
them  suffer  degeuemtion  or  necrosis,  so  that  the  whole  affected  area  may 
be  soft  and  yellowish -white  or  grayish  in  color.  If,  as  not  infrequently 
occurs,  there  is  considerable  extravasation  of  blood,  the  degenerated 
area  may  be  of  a  dark  led  color, '  Under  these  conditions  the  heart  wall 
may  rupture,  or  acute  inflammatory  processes  may  occur,  or  the  de- 
generated tissue  may  be  gradually  absorbed  and  replaced  by  granula- 
tion tissue  formed  from  the  surrounding  fibrous  tissue  and  blood-vessels, 

'  For  a  detailed  cousideralion  of  llie  formation  of  such  embolic  abscesses,  see  p.  113. 

'  AccordiDg  to  Sternberg,  the  riaht  coronary  artery  supplies  the  following  regions 
of  the  heart:  most  of  the  right  auricle ;  the  posterior  pare  aud  most  of  the  aoterior  part 
of  the  right  ventricle;  most  of  tlie  inlerauricular  and  interventricular  septa;  the  pos- 
terior part  of  the  left  ventricle  and  the  posterior  papillary  muscles.  The  remainder  of 
the  heart  is  supplied  by  the  left  coronary  arl«ry. 

While  there  are  superflcial  anastomoses  between  tbe  larger  trunks  of  the  coronary 
arteries,  their  branches  do  not  communicate  after  they  enter  the  heart  muscle. 

^  Through  the  Tbebc»au  vessels  sufficient  nutriment  may  reach  the  myocardium  to 
maintain  the  muscle  for  a  time,  even  with  considerable  lesion  of  the  coronary  arteries. 
Sec  Prate.  American  Journal  of  Physiology,  vol.  i.,  p.  86,  1888.  Also  Baumgarttn,, 
end.,  vol.  il.,  p.  243,  180B. 

'This  condition  of  the  heari  is  often  called  "myomalacia." 
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This  gradnally  grows  deuse,  shrinks,  aud  assumes  the  characters  of  cica- 
tricial tissue. 

This  may  occur  in  any  part  of  the  heart  wall  or  in  the  papillary  mus- 
cles, but  is  most  commou  in  the  r^ion  supplied  by  the  anterior  coronary 
arteries.     When  the  heart  wall  is  involved  the  new-formed  couneetive 


Flo.  334.— ChhoMc  INterStit[1L  MTOCiHDCTia  <l 


tissue  muy  yield  to  the  blood  pressure  from  within  and  aneurism  of  the 
heart  be  formed. 

Impaired  nutrition  of  a  portion  of  the  heart  wall  as  the  I'esult  of  uar- 


MYOCAHDITIS. 


rowing  or  obliteration  of  the  coronary  arteries  or  their  branches,  whether 
it  lead  to  such  extreme  lesions  as  those  just  described,  or  to  fatty  d^ene- 
ration,  or  to  atrophy  of  the  muscle  cells  with  a  production  of  new  con- 


UzedoyGoOglC 


440  THE  CIHCULATOHT  SYSTEM. 

nectire  tiasne,  is  of  great  significance,  and  it  may  be  tbe  dominant  factor 
in  many  cases  of  sudden  death. 

Occasionally  there  is  a  formation  of  new  connective  tissue  in  the  myo- 
cardium as  well  as  in  the  endocardium  without  evident  lesion  of  the  coro- 
nary arteries  or  the  ahove-mentioned  conditions.  TMa  growth  may  be 
in  the  form  of  circumscribed  patches,  or  diffused  over  a  considerable 
part  of  the  wall  of  the  heart  (Figs.  234  and  235) ;  in  both  instances  with 
atrophy  of  the  muscle.  Such  an  interstitial  inflammation  is  often  fol- 
lowed by  dilatation  of  the  cavities  of  the  heart,  by  the  formation  of  aneur- 
isms of  the  wall  of  the  heart,  and  of  thrombi  in  the  cavities  of  tbe  heart. 


C  INTEHSTITUL  MlfOClItOlTia. 

It  is  believed  by  many  observers  that  the  new  connective  tissue  which 
develops  in  the  heart  in  connection  with  atrophy  of  the  muscle  fibres,  as 
a  result  of  impaired  nutrition  due  to  a  narrowing  of  the  lumen  of  the 
coronary  arteries,  is  not  in  the  stricter  sense  inflammatory  in  its  nature, 
but  is  rather  a  fibrous  hijperplasia,  the  new-formed  connective  tissue  form- 
ing secondarily,  to  replace  the  muscle  fibres  which  have  atrophied.  It  is 
interesting  in  this  connection  to  note  that  under  these  conditions  the  mus- 
cle fibres  immediately  beneath  the  endocardium  and  close  around  the 
blood-vessels  where  the  nutritive  .supply  is  most  abundsint  are  ofteu  not 
atrophied,  nor  is  the  growth  of  counective  tissue  marke<l  (Fig.  236). 

TubercnloiiB  Kyocarditis  is  of  occa.sional  occurrence  and  may  be  asso- 
ciated with  tuberculosis  of  the  pericardium  or  endocardium.' 
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Syphilitic  Kyooarditii  is  ac- 
compauied  by  the  growth  of  cou- 
nective  tissue  or  graualatiou  tis- 
sue iu  the  wall  of  the  heart 
between  the  muscle  fibres.  The 
pericardium  and  endocardium 
may  also  be  thickened,  and  peri- 
cardial adhesions  may  be  formed. 
Gummata  of  the  heart  are  of  rare 
occurreuce. ' 

Endocarditis. 
The  endocardium  is  a  connec- 
tive-tissue membrane  containing 
but  few  blood-vessels  which  lines 
the  cavitieH  of  the  heart  and 
forms  its  valves.  Its  inner  sur- 
face is  covered  with  s  layer  of 
endothelial  cells.  Tbe  connec- 
tive-tissue cells  and  basement 
substance  are  priucipally  cou- 
cerned  in  the  inflammatory  proc- 
esses. The  new  tissue  thus  pro- 
duced is  prone  to  degeneration  and  calcification.      The  roughening  of 


FlO.  137.— tjLCERATlTI  ENIHtCARDlTIS. 

The  VHlm  and  adjacent  portion  of  the  bean  wa 
ulcenlHl.  and  >  ramed  clot  twa  Conned  upon  ibe  r 
eaed  surlaoa. 


t    iNfECTITi;     (MiLlONlNT) 


the  endocardium  due  to  the  inflammation  often  leads  to  the  formation 
of  fibrin  on  the  affected  surface. 


'  See  Loomin.  Am.  Jour.  Med.  Sciences,  " 


Adler,  TraDS.  Assn.  Am.  Pliys.,  vol.  xfli.,  p.  73.  1898,  bibliography. 


i,  bibliography.    Also 
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The  eudocardiam  which  forms  the  valves  is  that  which  is  most  fre- 
qiieDtly  involved,  but  the  other  portions  of  it  are  by  no  meaDs  exempt. 

Ill  fcetal  life  it  is  the  endocardium  of  the  right  heart,  iu  extra-uteriue 
life  that  of  the  left  heart,  which  is  usually  aft'ected. 

1.  Simple  Acute  Endooarditia. — This  is  frequent  with  rheumatism,  but 
may  occur  under  other  couditions.  It  may  occur  in  a  heart  previously 
healthy,  or  in  one  already  the  seat  of  chronic  endocarditis. 

1q  some  cases  the  only  lesion  is  a  simple  swelliug  of  the  valves.     These 
are  thick  aud  succuleut,  but  their  surfaces  remain  smooth.     The  base- 
.  ment  substauee   is  swollen,    aud  there   is  a 
ctiou  of  new  connective -tissue 
cases  the  growth  of  connective- 
ore  marked,  the  basement  sub- 
ip,  and  little  cellular  fungous 
active  tissue,  called  "vegeta- 
from  the  free  surface  of  the 
On  these  roughened   surfaces 
the   fibrin  of  the  blood  is 
deposited,  and  thus  vegeta- 
tions of  considerable  size 
may  be  formed   (see  Fig. 
237  >.     In  still  other  eases 
the  cell  growth,  while  in 
some  places  forming  vege- 
tations, in  other  places  de- 
generates,   and    thus   por- 
tions   of    the    valves    are 
destroyed.     This  is  simple 
acute  nlceraiive  endocarditis. 
«8  of  this  disease  the  patients 
e  valves  seem  to  return  to  a 
on ;  in  other  cases  the  valves 
iiently  damaged;  and  in  still 
uiiiei^  viii-uiiii;  endocarditis  follows  the  acute 
form. 

2.  Mycotic  or  Uali^ant  Endocarditis  (Ma- 
lignant TTlcerative  Endocarditis). 
The  direct  excitants  of  simple  acute  endocarditis  of  the  forms  described 
above  are  unknown,  but  in  a  considei'able  number  of  cases  of  acute 
endocarditis  bacteria  have  been  fonud  in  and  about  the  i-egetations,  and 
proved,  by  careful  experiments,  to  stand  iu  a  causative  relation  to  the 
lesion. 

Those  cases  of  acute  endocarditis  in  which  the  lesions  are  induced  by 
the  direct  action  of  bacteria  are  called  mycotic  or  malignant  endocarditis; 
or,  since  the  new-formed  as  well  as  the  old  tissue  about  the  bacteria  is 
apt  to  become  necrotic  aud  thus  lead  to  larger  or  smaller  losses  of  sub- 
stance, the  lesion  is  often  called  maliffnant  ulcerative  endocarditis.     Cases 
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of  multiple  aneariam  iu  connectioD  with  mycotic  endocarditis  have  beeu 
reported.  Various  si)ecies  of  bacteria  may  be  excitants  of  nialignaDt 
endocarditis  (Fig.  238). 

It  is  moat  commonly  iDduced  by  Staphylococcus  pyogenes  aureus  and 


Sti'cptococeus  pyogenes.  Micrococcus  lauceolatus,  B.  typhosus,  B.  tu- 
berculosis, £.  authracis,  Mit^rococcus  gonorrhceee, '  and  otliers  have  beeu 
occasionally  fouud.' 

'  For  references  aod  bibliograpby  of  goDorrbosHl  vudocardjtis  see  Lartigav.  Am. 
Jour.  MeJ.  Sciences,  vol.  cxxl.,  |>.  53,  1901. 

*  For  a  eeaeral  coDsidemtion  of  tlie  pathology  of  Infective  endocarditis  see  Wa»k- 
bourn  and  others,  Brit.  MeJ.  Jour..  November  4th,  p,  1209,  1899.  For  a  study  of  the 
meningococcus  in  acute  ulcerative  endocarditis  see  Warfield.  Bull.  Univ.  Penna..  July- 
August,  1908, 
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It  has  furthermore  been  found  that  a  lesion  or  injury  of  the  endo- 
cardinm,  either  ou  the  heart  valves  or  elsewhere,  predisposes  to  the  lodg- 
ment and  growth  upon  it  of  pathogenic  l^cteria  when  once  they  have 
gained  access  to  the  eirculating  hlood. 

Mycotic  endocarditiB  is  frequently  a  secondary  complicating  lesion, 
but  may  occur  as  a  primary  disease.  It  is  most  apt  to  be  associated 
with  the  acute  infectious  diseases,  and  may  be  one  of  the  local  manifes- 
tations of  pyeeraia. 


II  Calcification  or 

lu  some  cases  there  is  a  formation  of  new  tissue  in  the  form  of  organ- 
ized vegetations  on  the  valves  or  general  cndoeardiiun;  in  other  caaes 
necrosis  cither  of  the  new-formed  or  the  old  tissue  is  the  most  marked 
feature.  Thrombi  are  apt  to  form  ou  the  afifected  surfaces  and  often 
lar^ly  make  up  the  so-called  vegetations.  The  mitral  and  aortic  valves 
are  frequently  the  seat  of  the  lesion,  but  it  may  occur  elsewhere. 

'  For  a  study  of  local  predispoaiag  factors  in  maligDaat  endocarditia  see  Pruddtn, 
Am.  Jour.  Hed.  Sciences,  vol.  xciii.,  p.  56,  18ST. 
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Detachmeut  of  bacteria  contaiuing  fragments  of  the  vegetations  or 
vints  may  give  rise  to  single  or  multiple  infectious  emboli  and  absceaaes 


in  various  parts  of  the  body,  such  as  the  spleeu,  kidneys,  brain,  skin, 
heart  wall,  etc.  Bacteria  similar  to  those  iu  the  heart  lesion  may  be 
found  iu  these  secondary  abscesses. 


It  1b  probable  that  abscesses  in  ulcerative  endocarditis  do  not  always 
arise  from  cardiac  emboli,  but  may  precede  the  heart  lesion. 
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3.  Chronic  £ndocarditu  may  Bucceed  acut«  endocarditis,  or  the  inflam- 
matiou  may  be  chronic  from  the  outset.  It  affects  most  frequently  the 
aortic  and  mitral  valves,  and  the  endocardium  of  the  left  auricle  and 
ventricle ;  similar  changes  iu  the  right  side  of  the  heart  being  much  less 
frequent. 

There  are  two  main  anatomical  varieties  of  chronic  endocarditis,  which 
may  occur  separately  or  together. 

(1)  The  endocardium  is  thick  and  dense,  its  surfaces  are  smooth  or 
covered  with  small,  hard  vegetations  or  ridges  (Figs.  239  and  240),  it  is 
often  infiltrated  with  the  salts  of  lime. 

(2)  There  is  a  growth  of  connective- tissue  cells  in  the  endocardium, 


rio.  2M.— Chbonic  ENnocARDrns. 

fitaowliiR  nbroua  "vegutallnn"  aalbe  mttral  vBtve.    Wltb  ■  lu^  hinod  do  fimnpil  npon  >l. 

with  a  splitting-tip  of  the  basement  substance. .  Some  of  the  new  cells 
continue  to  live,  others  degenerate.  Bj'  the  combination  of  such  a  cell 
growth  and  destruction  the  endocardium  is  in  some  jtlace-s  destroyed,  in 
others  changed  into  projecting  vegetations  (see  Fig,  243).  Fibrin  is 
deposited  on  the  roughened  surfaces  (Fig.  244).  After  a  time  the  con- 
dition may  be  further  complicated  by  the  shrinkage  and  deposition  of 
the  salts  of  lime  in  the  new  tissue  and  in  the  endocardium  (Fig.  241). 
All  these  changes  may  extend  (o  the  wall  of  the  heart  beneath  the  endo- 
cardium. 

The  most  impoitaut  result  of  chronic  eudocar<liti.s  is  its  effect  on 
the  heart  valves,  producing  insufficiency  and  stenosis  (Fig.  242).  The 
changes   in   the   ^■alve8   are    followed   by   changes    in   the    walls    and 
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cavities  of  tbe  heart,  aDd  disturbances  of  the  circulation  tfaronghont  the 
body. 

4.  Chronio  TTlcsratiTe  Endocarditii. — Large  ulcers  or  perforations  of 
the  valves  may  be  formed  iu  chronic  endoc-arditis,  upon  which  clots 
may  fonu,  so  that  in  gross  appearance  a  great  similarity  exists  between 
this  and  malignant  ulcerative  eudocarditis,  particularly  if  the  latter 
have  been  engrafted  upon  an  already  chronically  diseased  endocardium. 
The  microscopit^  and  biological  examinations  must  usually  be  resorted 
to  iu  order  to  determine  the  exaet  significance  of  the  lesiou. 

5.  Taberonloni  EndooarditlB  may  occur  in  eounection  with  tuberculous 
pericarditis  or  general  miliary  tuberculosis.  The  tubercles  may  be  small 
and  single,   or  grouped  in  masses,  and  show   the  usnal  degenerative 


Primary  tumors  iu  the  heart  are  rare,  but  laroomata,  mjrxomata, 
fibromata,  and  lipomata  may  occur.  Rh&bdomyomata,  probably  con- 
geuital,  may  occur  in  the  heart  wall  as  circumscribed  nodular  masses.' 
A  cavemoaB  tumor  of  this  kind  has  been  described.  Secondary  tumors, 
as  a  result  of  metaritaRis  or  of  continuous  growth  from  the  pleura  or  other 
adjacent  parts,  are  not  ^'ery  infrequent^  These  are  usually  ooroiiioniata 
or  aaioomata.     Secondary  chondromata  have  been  observed.* 

FAAA^ITSS. 

Ecbinococcus  sometilnes  oecui-s  in  the  heart  wall  and  may  perforate 
into  the  cavities.     Critioerciii  ceUoloae  has  been  obser^'ed. 


The  Blood-VeBsels. 

ATBOPHT  AND   HTFKBTROPHT. 

Atrophy  of  the  blood-vessels  may  involve  the  entire  trunk  or  some  of 
its  elements.  It  may  occur  as  a  part  of  geueral  malnutritioD  of  the  body, 
or  in  connection  with  atrophy  of  particular  organs,  or  as  an  accompani- 
ment of  various  diseases  of  the  vessels  themselves. 

Hypertrophy,  whieh  iti«8i)ecially  seen  in  the  arteries,  may  occur  in  the 
establishment  of  a  collateral  circulation  upon  the  closure  of  arterial 
trunks;  or  it  may  occur  as  the  result  of  increased  blood  pressui-e,  as  in- 
some  forms  of  hypertrophy  of  the  heart. 

'Hoe  reference.  Moter,  p.  406.    Also  Stieuii^,  Arch,  de  Med.  Exp.,  vol,  x..  p.  148, 
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The  Arteries. 
RUPTUBS  AND  WOUNDS. 


The  arteries  are  predisposed  to  rupture  by  fatty  degeneration,  arterio- 
sclerosis with  atheroma,  and  ia  various  forms  of  acute  inflammatlou. 


Fia.  S1S.-TRANSTERSI  KL'PTljRi:  OF  TKE  AORTA.      <TrauinBtlc.) 

stenosis  of  the  aorta  may  be  followed  by  rupture  between  the  occlnsion 
and  the  heart.  The  rupture  may  be  complete  or  a  dissecting  aneurism 
may  form  (see  p^e  457).  Rupture  of  the  aorta  may  lead  to  sudden 
death  (Fig.  245).  There  may  be  partial  or  complete  rupture  of  an  artery 
from  contusions,  wrenchlngs,  falls,  etc.     The  injury  to  an  artery  from  a 
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penetratiug  wouud  may  be  fatal  if  tbe  vessel  be  large.     The  ^vouDd  of  a 
small  artery  may  close  or  a  false  aneurism  may  develop  at  its  seat. 

lu  the  healing  of  a  wounded  artery  the  vessel  retracts  and  coutracts, 
and  a  thrombus  la  formed  witbiu  it.  The  contraction  alone  may  be  siiffl- 
cieut  to  close  the  vessel ;  its  coats  thicken,  aud  the  inner  surfaces  iinally 
are  fused  together ;  oi'  the  blood  coagulates  and  forms  a  tbiouibus  in  tbe 
vessel  near  the  wound.  This  thrombus  later  becomes  organized  aud  the 
vessel  is  converted  into  a  fibrous  cord. 

DEOENBBATIOH. 

Fatty  S^eneration. — This  may  occur  iu  the  walls  of  otherwise  unal- 
tei-ed  vessels,  or  iu  those  which  have  uudei^one  a  variety  of  inflamma- 
tory or  degenerative  changes.  It  may  occur  either  in  the  intima  or 
media,  or  both,  and  may  be  so  extensile  as  to  form  a  very  prominent 
gross  lesion,  or  so  little  developed  as  to  require  the  microscope  for  its 
recoguition.  When  marked,  especially  if  occurring  in  the  intima  of 
large  vessels,  smaller  and  larger  spots  or  stripes  or  patches  may  be  seen, 
of  a  yellowish -white  color,  usually  sharply  circumscribed,  and  somellmes 
smooth,  sometimes  roughened  on  the  surface.  It  is  most  apt  to  occur  in 
the  aorta,  but  may  be  found  in  any  of  the  \'essels.  In  moderate  degrees 
of  the  lesion  we  find  on  section  that  the  cells  of  the  intima  contain  fat 
droplets  in  greater  or  less  number.  When  further  advanced,  not  only 
are  the  cells  ci-owded  with  fat  droplets,  but  the  inteicel hilar  tissue  also 
may  be  more  or  less  densely  infiltrated  with  them.  Sometimes  the  infil- 
tration is  so  dense  that  the  tissue  breaks  down,  and  there  may  be  an  eiv- 
sion  of  the  surface,  forming  a  so-called  fatty  ulcer.  When  the  media  is 
involved  the  muscle  cells  contain  fat  droplets.  It  may  lead  to  the  for- 
mation of  aneurism  or  to  rupture  of  the  vessels. 

Amyloid  Degfeneratlon,  wlii<;h  may  affect  nil  the  coats  of  the  arteries, 
but  especially  the  iutima  aud  media,  luis  already  l>een  described  iu  gen- 
eral (page  S2).  It  will  be  further  considered  under  the  lesions  of  the 
organs  in  which  it  most  commonly  occurs. 

Hyaline  Degeneration  may  cause  thickening  of  the  intima  of  the  blood- 
vessels by  its  conversion  into  or  infiltration  with  a  homogeneous  material 
somewhat  similar  to  amyloid  (see  pageR6).  Or  it  may  involve  the  entire 
wall  of  smaller  vessels,  converting  them  into  irregular  lumpy  cords. 
The  lumen  of  vessels  thus  changed  may  be  oblitcmted  or  occluded  by 
thrombi. 

Caloification  usually  occurs  in  vessels  otherwise  diseased,  and  may 

involve  either  the  intima  or  media.     It  conaists  in  the  deposition  of  salts 

of  lime  eithci'  in  the  cells  or  intercellular  substance.     The  lime  maj-  be 

in  the  form  of  larger  or  snialtei'  granules  or  iu  dense  translucent  plates, 

29 
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INFLAUUATIOH. 

Aonte  Aiterltia. — Acute  inflammatiou  of  the  walls  of  the  arteries  is,  in 

the  iDiyority  of  cases,  the  result  of  iujuiy,  or  of  au  iiiflammatiou  iu  the 
vicinity  of  the  vessel,  or  of  the  lodg- 
ment within  it  of  some  foreign  body  of 
au  irritating  or  infectious  nature.  The 
inflammatory  process  may  be  largely 
confined  to  the  inner  coat  of  the  ves- 
sels— endarteritis;  or  it  may  commence 
in  the  outer  coats — periarieiitis ;  or  it 
may  involve  the  entire  wall. 

The  blood-vessels  in  the  outer  coats 
may  be  congested,  the  tissue  cedema- 
tous  and  infiltrated  with  pus  cells,  and 
the  entire  wall  may  become  necrotic. 
The  intima,  if  this  layer  be  involved, 
loses  its  natural  gloss  and  looks  dull 
and  is  swollen.  Under  these  couditious 
thrombi  usually  form,  and  in  these  may 
occur  the  various  changes  which  have 
been  already  described  on  page  73. 
Chronic  ArteritlB    (Arterio-ScleroBiB). — Since    the   publication    of   the 

studies  of  Gull  and  Sutton  ou  arterio-capillary  fibrosis,  attention  has  been 

every  year  more  and  more  directed 

to  chronic  pathological  changes  in 

the  arteries  as  of  great  frequency 

and    importance.      These   changes 

are  productive  and  degenerative  in 

character  and  have  ati  important 

bearing  upon   the  circulation  and 

upon  the  integrity   of   the   ves.sel 

walls.     They  are  in  part  primary, 

in  part  secondary,  and  may  involve 

single  vessels  or  vascular  territories 

or  may  affect  the  entire  vascular 


-  AHTERIO.SCLE- 


ouched.    Tbere  Is  d«£onen 


,  abttndanC  at  om 


The  lesions  dififer  somewhat  iu     ^^^    ^-  _f„g„^,f. 
the   small   and   large   vessels.     In  roscs— oatiTt 

very  small  arteries  there  is  a  more        TbB  new-formed  u 
or  less  general  though  not  uniform 
thickening  of  the  iutima  (Figs,  240 
and  247).    This  is  due  in  part  to  a 

proliferation  of  the  endothelium,  in  part  to  increase  in  the  connective 
tissue  of  the  intermediary  layer.  In  this  way  a  considerable  amount  of 
modemtely  cellular  fibrous  tissue  (Fig,  248)  may  form  within  the  mem* 
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brana  elastica,  and  the  lumen  inay  be  largely  or  wholly  obliterated — 
oblUeratinff  eadarteritU.  The  middle  coat  as  well  as  the  iuuer  may  Ni 
thickened  (Fig.  249). 

In  lat^r  arteries  the  new  tissue  may  form  beneath  the  endothelium 
diflfusely  or  in  circumscribed  masses,  or  may  encircle  the  vessel.  The 
endothelium  over  the  involved  areas 
may  remain  intact  or  it  may  prolifer- 
ate or  become  fatty  or  necrotic.  The 
uew-fonned  fibrous  tissue  of  the  iti- 
tinm,  which  may  contain  also  new  elas- 
tic fibres, '  is  usually  dense,  having  few 
cells,  and  is  prone  to  uudereo  fatty  de- 

generation,    to    become   necrotic,   and  thk  iNiniA  in  ARTKwcKsrLsaosis. 

to  disintegrate,  and  thus   larger   and 

smaller  cavities  filled  with  tiisiutegrated  tissue,  fat,  and  cholestearin 
crystals,  may  develop  in  the  new-formed  tissne  (Figs.  247  and  2.W). 
These  are  called  athermuitous  cysls.^  They  may  extend  toward  the  limien 
of  the  vessels  into  which   they  may  open,  giving  rise  to  emboli  and 


FiO.  8*8.— CnRONic  A 

Inner  nod  middle  roat  Oilpfccned— radial  arletj. 

forming  rough-edged  ulcers,  often  with  undermined  edges.     "Upon  these 
thrombi  may  form.     In  the  new -formed  tissue  of  the  intima  as  well  as 

'  8ee  JiTen.  Ziegler's  Beitr..  Bd.  xsiv..  p.  458,  1898.  bibliograpliy. 

'  The  woiii  atlieronm  is  sometimea  applied  to  the  wbole  process  of  arterio-scleroaifl, 
but  it  would  bu  woll  to  lini:*  it  to  the  degenerative  phases  wliicL  result  to  softening  o( 
tbe  tisaueH. 
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ill  the  necrotic  foci  aud  iu  the  detritus  of  the  cj'sts  calcification  may 
occur. 

Fatty  d^eneration,  atrophy,  and  calcification  may  occur  in  the  mus 
cularis  and  adventitia  of  the  iuvoived  vessels. 

Similar  processes  may  occur  iu  the  aorta,  the  new  tissue  growth  and 


FlO.  2iitt -CHHONIC  ABTKBITIS— AHTERlO-SCLBnOBIa— CKHEBnAl,  AHTERV. 

the  degeneration  being  less  definitely  limited  to  the  inner  layer  of  the 
wall.  The  aorta  may  thus  be  beset  with  larger  and  smaller  irregular, 
white,  liard,  elevated  thickenings  (Fig.  251),  often  yellowish  from  fatty 
degenei-ation.     Beneath  these  there  niuy  l>e  athemmatous  softening,  or 


F[a.  £il,-  C][ROMC  I.VCLAMUATIOy  or  TKE  AOnTt— AniEnOMl  OF  TIIK 

Sbnirlntc  on  itie  Inner  surrnrF  pntclies  of  npiv-formfd  tlnue— ulcerHlInn  cnU  ro 
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these  sclerotic  areas  may  be  calcified  aud  project  as  hard,  often  brownish, 
plates  with  smooth  or  rough  edges.     The  surface  of  the  aorta  may  be  rough 


Fia.  S^.—CBKOHIC  iNrLAHHATlON  Of  THI  AOI 

8wIlon  BbDWlng  iniDlveiaeal  of  all  the  iBjrera.  Tbe  thlckeulog  ol  Ute  [dUmnls  irregulii 
dPtrencratloQ  are  ii*n  la  Iti  decpiT  portloD.  Palcha  o(  Dbroiu  Uasue  are  present  la  the  m 
umBll  tbrombus  Is  foraicd  upon  tbt^  xurfBcH. 

fi-oni  erosion  over  the  degenerated  areas,  and  upon  these  or  elsewhere 
parietal  thrombi  may  form  (Fig.  252).  Such  sclerotic  areas  are  often 
well  marked  at  the  junction  of  smaller  vessels  with  the  aorta. 

We  have  seen  that  in  the  smaller  vessels  arteriosclerosis  may  lead  to 
extreme  narrowing  orocclnsion  of  the  lumen.  When  this  does  not  occur, 
and  especially  in  the  medium-sized  arteries,  since  the  new  tissue  is  less 
elastic  than  normal  and  liable  to  yield  to  the  pressure  of  the  blood,  the 
Inmen  may  in  places  be  dilated  (Fig.  2.53)  or  the  wall  may  rupture.  In 
this  way  aneurisms  may  fonn.     This  is  especially  apt  to  occur  when 


FlO.  2S3.— CHROMi;  ABTKRITIS— ARTERLO  BCLKROBIS. 

ShowliiK  poucblng  of  Uie  wbII  of  tbe  artery  at  ibe  aide  oa  wbloh  la  the  largest  tonnatlon  of  Dew  flbroui 

atheromatous  degeneration  has  taken  pla<*  and  the  mnscnlaris  is  either 
atrophied  or  degenerated.  In  the  aorta  also  dilatation  and  rupture  may 
occur. 

Arterio-sclerosismaybe  largely  limited  to  the  aorta  or  to  other  single 
vessels,  or  it  may  occur  in  special  vascular  tracts,  such  us  those  of  the 
brain  or  heart. 
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Periarteritis  Nodosa. 


A  few  cases  h&ve  been  described  in  which  maay  of  the  small  arteries  id  the  muscles 
and  Id  the  viscera  were  beset  with  small  white  koobs  projecliug  from  the  side  or  sur- 
rounding the  vessels.  These  circumscribed  thickenings  of  the  vessel  wall  are  apt  to 
involve  ail  the  layers  of  the  vessel,  and  may  encroach  upon  the  lumen.  The  thickened 
portions  are  infiltrated  with  smull  spheroidal  cells.  Multiple  aneurisms  may  develop 
at  the  scat  of  the  local  thickening.' 

The  Conditions  Leading  to  Aktebio-Sclebosis.— The  lesions  of 
arteriosclerosis  often  occur  with  gout,  syphilis,  chronic  lead  and  alcohol 
poisoning,  overwork  and  overfeeding.  They  are  usual  in  senility,  and 
predisposition  to  them  may  be  inherited.  They  may  be  associated  with 
cardiac  hypertrophy  from  valvular  lesions  or  with  chronic  diCFuse  ne- 
phritis or  other  conditions  involving  increased  arterial  tension.  They 
may  occur  locally  in  connection  with  tumors. 

While  the  mechanical  conditions  under  which  arterio-sclerosis  devel- 
ops are  not  very  fully  understood,  the  studies  of  Thoma  have  pointed 
the  way  along  which  fruitful  research  may  be  confidently  expected. 

In  accordance  with  the  results  of  Thoma's  experiments  one  may  re- 
gard the  primary  lesions  of  arte rio -sclerosis  as  a  compensatory  hyperpla- 
sia of  the  intima.  For  example.  If  for  any  reason  the  wall  of  the  artery 
in  a  given  region,  as  is  the  case  in  the  circumscribed  or  nodular  forms  of 
arterio-sclerosis,  be  weakened  and  yields  to  the  blood  pressure,  it  is  at 
this  point  that  the  new  tissue  forms  in  the  intima  and  restores  the  lumen 
to  its  natural  calibre  (see  Figa  247  and  253)  with  restitution  of  the  rate 
of  blood  flow.  That  this  compensation  is  often  incomplete  or  tempo- 
rary, or  that  it  brings  with  it  other  and  often  serious  complications,  does 
not  militate  gainst  this  view  of  the  significance  of  these  blood-vessel  le- 
sions, and  is  only  one  of  many  examples  of  imperfect  adaptation  in  path- 
ological processes.' 

Clas-sification  of  the  Forms  of  Arterio -Sclerosis. — ^Various 
classifications  of  the  lesions  of  arterio-sclerosis  have  been  made.  Thoma' 
places  in  one  class  the  primary  and  more  limited  nodular  forms  of  fibrous- 
tissue  growth,  especially  in  the  larger  vessels,  which  he  regards  as  com- 
pensatory in  the  way  just  indicated ;  in  another  the  diffuse  or  secondary 
form,  which  is  attributable  to  an  increased  resistance  to  the  flow  of  blood 
in  peripheral  vessels,  such  as  those  of  the  kidney,  a  weakening  of  the 
muscularis  through  degeneration,  the  consequent  dilatation,  and  then 
the  compensating  fibrons-tissne  growth  in  the  vessels  at  large. 

Councilman'  has  grouped  tlie  lesions  into  three  forms:  Ist,  the  nodu' 

'  Consult  V.  Kahlden.  Ziegler's  BeitrBge  z.  path.  Anat.,  etc.,  Bd.  St.,  p.  681.  13M, 
also  Oraf,  ibid..  Bd.  six.,  p,  181,  1896. 

'  See  reference  to  Welch,  p.  137. 

'T/ioma.  Bee  Virch.  Arch.,  Bd.  JtcHi.,  p.  443;  ibid..  Bd.  cxvL.p.  1;  also  Tboma's 
"Text-Book  of  Oenerul  Pathology,"  vol.  i.,  Eog.  trans.;  also  reference  to  Tiioma's 
works.  Arch,  f,  Entwickl.  Mech.,  Bd.  xil.,  p.  3.13. 

'  For  a  rSsumfe  of  riewa  based  upon  Thoma's  studies  sec  CouTmlman,  Trans.  Assn. 
American  Physicians,  vol.  vi.,  p.  1TB,  1891. 
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lor.  corresponding  with  the  primary  form  of  Thoma ;  2d,  a  senile  form,  in 
which  there  arc  often  gresit  distortion  of  the  vessels,  calcification,  and  fre- 
quent thinning  of  the  walls.  Atrophic  changes  in  the  viscera  are  apt  to 
be  associated  with  this  form  of  senile  arteritis;  3d,  a  diffuse  form  of 
marked  obliterating  endarteritis  with  fibrous  involvement  of  the  muscu- 
lar layer.  This  is  apt  to  be  associated  with  hypertrophy  and  often  with 
dilatation  of  the  heart,  and  with  chronic  diffuse  nephritis  often  with  atro- 
phy. The  arterial  changes  may  be  marked  in  the  liver  as  well  as  in  the 
kidneys. 

Talnnmlou  Arteritis. — Tuberculosis  of  the  arteries  is  usually  second- 
ary, the  process  extending  to  their  walls  from  an  already  established 


FIO.  an— TtBKHCIILOtS 

Showliuf  [be  enmHcbmeDl  of  an  areft  of  tubernutoos  InnaiDinBUuD  apun  (be  vail  uf  the  anerr  mH  Uie 
farmalloii  ota  man  i&nlj  occluding  tM  lumvii  o[  the  vtssrl.  ThlaNcUon  abowB  how  Uie  geaeraltzaUan  ol 
Om  tuherrnlaiu  InllBDuaatlon  tbroiwb  llw  Indy  maj  orrur  by  tbe  iweeplnft  awa;  ol  Ibe  tubercle  bacUU  by 
Ibe  blood  and  Ote  eslabllBhrnant  ot  new  fuci  In  various  pans  oC  Uie  body. 

focus  (Fig.  254).  Tubercle  tissue  with  necrosis  may  involve  the  external 
layers,  while  an  obliterating  inflammation  often  closes  the  lumen.  Thus 
it  is  that  in  tuberculous  cavities  of  the  lungs  large  arterial  trunks  may 
be  laid  bare  (see  Plate  X.)  without  a  distribution  of  the  bacilli  through 
the  body  and  without  hfemorrhage.  Tuberculosis  of  the  aorta  is  of  occa- 
dional  occurrence.' 

Syphilitic  Art^eritit. — lu  the  more  characteristic  forms  of  this  lesion 
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there  may  be  gumiuatiL  fonued  iu  the  walls  or  a  diffuse  formation  of  nev 
cells  and  new  fibrous  tissue,  especiiUly  in  the  adveutitia  of  the  vessels. 
This  may  extend  to  the  middle  and  internal  layer  and  lead  to  narrowing 
or  closure  of  the  lumen.  Such  lesions  may  be  circumscribed  or  extensive, 
and  may  result  in  aneurism  or  rupture.' 

ANEUBISH. 

An  aneurism  is  a  dilatation  of  an  artery,  either  cylindrical,  fusiform, 
or  sacculated,  the  walls  consisting  of  all  or  part  of  the  coats  of  the  artery 
variously  altered. 

The  conditions  which  commonly  lead  to  aneurisms  are  arterio-sclero- 
sis,  either  with  or  without  associated  degeneration,  or  the  local  weakening 
of  the  walls  of  the  vessels 
which  often  leads  to  com- 
pensatory arterio  -  sclerosis, 
or  the  blocking  of  a  vessel 
by  embolus.  Aneurism  may 
develop  at  the  point  of  par 
ti  il  rupture  of  the  walls  of 
an  artery.  Aneurisms  may 
follow  the  local  necrotic  aud 
ulcerative  proc&ss  iu  the 
walls  of  the  vessels  or  on  the 
heart  valves  incited  by  in- 
fectious agents,  which  as 
emboli  or  otherwise  have 
reached  these  parts. 

In  cylindrical  or  fuifonn 
anenriBm  there  is  apt  to  be 
at  first  a  distention  of  all 
the  walls  of  the  vessel ;  but 
this  is   often    irregular,    so 
that  the  sac  may  bulge  more 
iu  one  place  than  in  another 
(Fig.   255).    The  walls  may 
become   thin    or     through 
new-formed  tissue  they  may 
FIG.  ats.— Fi-siroRu  ANEL-Risu  OF  TFiK  ARCH  OF  THE  AOKTi.     becomc  thjckcued ;  thcy  may 
undei^o  degeneration  or  cal- 
cification.    Such  aueuiisnis  are  most  frequent  iu  the  aorta,  but  may  oc- 
cur in  other  vessels. 

In  the  BECcnlated  auenrism  there  is  either  a  dilatation  of  the  entire 
circumference  of  an  artery  over  a  short  portion  of  its  length;  or  there 
may  be  a  dilatation  of  only  a  small  portion  of  one  side  of  the  wall,  so 
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that  the  aueurism  looks  like  a  swelling  attached  to  cue  side  of  the  artery. 
The  aiienrisDi  may  conuueuce  as  a  dilatation  of  all  the  coats  of  the  vessel ; 
but  the  middle  coat  soon  atrophies,  so  that  the  wall  is  composed  of  the 
inner  and  outer  coats;  or  the  inner  coat  is  destroyed  by  endarteritis,  so 
that  the  outer  coat  alone  forms  the  wait  of  the  aneurism ;  or  the  dilata- 
tion may  eommeuee  at  the  seat  of  rupture  of  one  or  more  coats  of  the 
vessels.  As  the  aneurism  increases  in  size  it  may  press  upon  and  lead  to 
partial  destruction  of  neighboring  tissues  and  viscera,  so  that  portionsof 
these  tissues  and  viscera  may  take  the  place  of  the  wall  of  the  aneurism. 
The  cavity  of  the  aneurism  is  filled  with  fluid  or  clotted  blood,  or  with 


layers  of  fibrin  (Fiy.  25fi)  which  adhere  closely  to  its  wall.  The  com- 
manication  between  the  aneurism  and  the  artery  may  be  small  or  large. 
If  arterial  branches  are  given  off  fi-om  the  aneurism  they  may  remain 
opeu  or  become  plugged  with  fibrin;  or  their  walls  are  thickened  and 
their  cavities  narrowed  by  endarteritis.  I>eath  may  occur  by  the  press- 
ure and  interference  of  the  aneurism  with  the  adjoining  viscera,  or  by 
rupture. 

SuMCtinfT  Anearisma  are  those  in  which,  owing  to  a  solution  of  con- 
tinuity of  the  inner  layers  of  the  artery,  the  blood  gets  between  the  media 
and  adventitia,  and  forces  its  way  for  a  greater  or  less  distance  between 
them.     Or  it  may  separate  the  media  into  two  layers. 

SporiouB  or  False  Aneurisini  are  most  frequently  connected  with  ves- 
sels of  the  extremities.  When  an  artery  is  wounded  the  blood  escapes 
into  the  surrounding  soft  parts,  and  a  cavity  is  foruied  filled  with  blood 
and  broken-down  tissue. 
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Tbe  wound  in  the  artery  may  lieal  and  tlie  effused  blood  be  absorbed ; 
or  it  may  become  the  seat  of  secondary  indammatory  processes. 

Finally  a  wall  of  fibrous  tissue  may  be  formed,  while  the  wound  of 
the  artery  remains  open,  so  that  there  is  an  aneurismal  sac  through 
which  the  blood  is  constantly  pouring.     This  is  called  a,  false  aneurism. 

Anentismal  Vaiix :  Varicose  Aneurism. — If  an  artery  be  wounded,  and 
at  the  same  time  the  vein  which  accompanies  it,  we  have  as  the  result  the 
conditions  called  aneurismal  varix  and  varicose  aneurism.  In  aneurismal 
varix  the  arteiy  and  vein  become  adherent  at  the  seat  of  injury,  so  that 
the  arterial  blood  passes  directly  into  the  vein.  There  is  a  smooth, 
rounded  opening  between  the  two  vessels,  the  vein  is  dilated  into  a  sac, 
and  the  veins  emptying  into  it  are  dilated  and  tortuous.  In  varicose 
aneurism  the  artery  and  vein  do  not  communicate  directly,  but  a  false 
aneurismal  sac  is  formed  between  the  vessels,  into  which  the  blood  is 
poured  before  passii^  into  the  vein.  Varicose  aneurism  may  also  be 
formed  by  the  spontaneous  rupture  of  an  aneurism  into  a  vein.  The 
aneurism  presses  against  the  vein,  becomes  adherent,  and  finally  rup- 
tures into  it.  This  condition  has  been  observed  between  the  aorta  and 
pulmonary  artery ;  the  aorta  and  inferior  and  superior  vena  cava;  the 
popliteal  artery  and  vein;  the  femoral  artery  and  vein;  the  splenic 
artery  and  vena  azygos;  the  internal  carotid  and  sinus  caveruosns. 

Cirsoid  Anenrism  is  one  formed  by  the  dilatation  and  lengthening  of 
large  or  small  arteries  or  arterial  tracts.  The  walls  of  the  arteries  are 
thinned,  the  vessels  are  tortuous  and  in  places  sacculated.  These 
changes  are  most  frequent  in  small  arteries,  especially  tlie  temporal  and 
occipital.  They  invohe  the  trunk  of  the  vessel  and  its  branches,  or 
may  extend  to  the  capillaries  and  small  veins.  They  form  lat^r  or 
smaller  tumors  beneath  the  skin. 


ANETTBISH8  OF  THE  DIFFEBENT  AB.TSSXSB. 

The  aorta  may  be  dilated  over  its  entire  length,  or  there  may  t>e  diffuse 
or  circumscribed  dilatations  at  any  portion  of  its  course ;  or  there  may 
be  several  aneurisms,  situated  at  different  points.  The  ascending  por- 
tion of  the  arch  of  the  aorta  may  be  uniformly  dilated  in  a  fusiform 
8hax>e  (Fig,  255),  or  there  may  be  circumscribed  dilatations  on  its  an- 
terior wall,  or,  more  rarely,  on  its  posterior  wall.  The  sacculated  aneu- 
risms vary  in  size  and  may  rupture  within  tbe  pericardium;  or  they  may 
form  a  cavity  in  the  upper  part  of  the  ventricular  septum  and  commu- 
nicate by  openings  into  the  pulmonary  artery  and  left  ventricle ;  or  they 
may  dilate  downward  between  the  visceral  and  parietal  pericardium,  in 
front  of  the  heart,  pushing  that  organ  backward.  They  may  perforate 
into  the  right  or  left  auricle  or  right  ventricle,  the  superior  vena  cava, 
or  tbe  pulmonary  artery ;  or  they  may  reach  a  large  size,  press  on  and 
erode  tbe  right  side  of  the  sternum  and  adjoining  ribs,  project  under  the 
skin,  and  even  rupture  externally.' 

'For  e 
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The  transverse  portion  of  the  arch  may  be  dilated  inafuBiform  ^ape, 
or  there  may  be  sacculated  aneurisms  at  any  point  in  its  vail.  The  sac- 
culated aneurisms  usually  reach  a  considerable  size.  They  pi'ess  on  the 
sternum  and  ribs  in  front,  or  on  the  (esophagus,  trachea,  and  bronchi  be- 
behind.  The  large  arteries  given  off  from  the  arch  may  be  occluded. 
They  cause  death  by  pressure  on  the  air  passages,  the  cesophagus,  and 
the  vena  cava ;  or  may  rupture  externally  or  into  the  oesophagus,  trachea, 
bronchi,  pulmonary  artery,  or  pleural  cavities. 

On  the  abdominal  aorta  aneurisms  are  usually  sacculated.  If  they 
are  situated  high  up  they  may  project  into  the  pleural  cavities;  if 
lower  down,  into  the  abdomen.  They  may  compress  and  displace  the 
viscera,  vessels,  and  nerves,  and  erode  the  vertebne.  They  may  rupture 
behind  the  peritoneum,  into  the  peritoneal  cavity,  the  pleural  cavities, 
the  inferior  vena  cava,  the  bronchi,  the  lungs,  the  duodenum,  the  colon, 
the  pelves  of  the  kidney,  or  the  posterior  mediastinum.  Rupture  of  the 
aorta  with  the  development  of  a  long  dissecting  aneurism  parallel  to  the 
Tesset  may  give  rise  to  a  condition  simulating  a  double  aorta.' 

The  coronaty  arterks  may  be  dilated  throughout,  or  may  be  the  seat 
of  small  sacculated  aneurisms.'  These  may  rupture  into  the  pericar- 
dium, or  may  lead  to  nipture  of  the  heart  wall. 

The  pulmonary  arteries  are  rarely  the  seat  of  aueurisms.  Diffuse  and 
circumscribed  dilatations,  however,  sometimes  occur  on  the  main  trunk 
and  on  the  two  principal  branches  of  the  artery.  They  do  not  usually 
reach  a  large  size,  but  may  cause  death  by  rupture.  General  dilatation 
of  all  the  branches  of  the  pulmonary  artery  is  more  common.  It  is 
found  in  connection  with  stenosis  of  the  mitral  valves  and  with  compres- 
sion or  induration  of  the  lung  tissue.  Small  multiple  aneurisms — miiiary 
aneurisms — may  occur  in  the  cerebral  arteries;  less  frequently  in  the 
pulmonarj'  and  mesenteric.  These  are  probably  due  to  some  congenital 
weakness  of  the  walls  at  the  point  of  formation  of  the  aneurism. 

Of  the  other  arteries  of  the  body  there  is  hardly  any  one  which  may 
not  btecome  the  seat  of  an  aneurism.' 


STENOSIS  AND  OBLITERATION  OF  THE  AOBTA. 

This  lesion  near  the  entrance  of  the  ductus  arteriosus  has  been  observed 
in  a  considerable  number  of  cases.  The  degree  of  stenosis  varies.  The 
aorta  may  be  entirely  closed  and  converted  into  a  solid  cord  for  a  half  an 
inch ;  or  there  may  be  a  constriction  through  which  there  is  a  lai^er  or 
smaller  ox>ening.  The  walls  of  the  aorta  at  this  point  may  be  thickened 
aud  sclerosed.  The  ductus  arteriosus  may  be  closed  or  open.  Above 
the  constriction  the  aorta  is  usually  dilated ;  below  it,  it  is  normal,  dilated, 
or  stenosed. 

■  See  caso  reported  by  O.  P.  BlKga,  Trans.  New  York  Patli.  Soc. ,  1897-98.  p.  109. 

'Consult  &t)>[i.  Am.  Jour.  Mea,  ScienceB,  vol.  cxviii.,  p.  812,  bibliograpby ;  also 
Qriptk.  Brit.  Med.  Jour.,  February  %A,  1901,  p.  266,  blbliograpby. 

^For  [letailB  coDCeroiug  form,  distributiou.  and  frequeDey  of  uueuriams,  see  the 
larger  works  on  tbe  practice  of  uiediviau  or  surgery. 
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Stenosis  of  the  aorta  is  followed  by  hypertrophy  of  the  left  ventricle, 
and,  later,  of  the  right  veutricle,  with  venous  congestion  throughout  the 
body ;  or  there  may  be  a  collateral  circulation  developed  between  the 
arteries  given  off  above  and  below  the  constriction ;  or  there  may  be  rup- 
ture of  the  aorta,  the  right  ventricle  or  auricle. 

This  couditioQ  is  found  at  all  ages,  but  is  induced  during  foetal  life 
or  iu  the  first  year  of  extra-uterine  life.  It  is  probable  that  it  may  be 
caused  after  birth  by  an  abnormal  closure  of  the  ductus  arteriosus.  This 
vessel  normally  becomes  closed  without  the  formation  of  a  thrombus. 
If  a  thrombus  be  formed  it  may  extend  into  the  aorta  and  obstnict  it;  or 
the  ductus  arteriosus  is  filled  with  a  thrombus,  but  increases  for  a  time 
in  size ;  afterward,  as  the  thrombus  is  absorbed,  the  vessel  contracts  and 
draws  the  walls  of  the  aorta  together. 

TUMOBS   OF  THE  ABIEBIES. 

Secondary  tumors,  chiefly  carcinomata  and  sarcomata,  may  occur  in 
the  walls  of  the  arteries  by  continuous  growth  from  without,  involving 
first  the  external  layers.  To  these  layers  they  are  usually  confined,  for 
the  density  of  the  inner  layers  affords  such  marked  resistance  to  the  in- 
filtration of  the  tumor  cells  that  arteries  are  apt  to  pass  intact  through  the 
tumor,  which  grows  around  them.  More  frequently  the  arteries  become 
secondarily  involved  in  the  growth  of  malignant  tumors  by  the  occur- 
rence within  them  of  emboli  formed  by  larger  and  smaller  masses  of 
tumor  cells. 

These  emboli  are  usually  of  small  size,  and  are  apt  to  get  into  the  cir- 
culation by  growing  through  the  walls  of  the  veins  into  their  Inmina. 
Large  emboli  from  tumors  are  most  apt  to  occur  in  the  branches  of  tlie 
pulmonary  arterj'.  The  emboli,  formed  as  they  aie  for  the  most  part  by 
cells  capable  of  growth  and  proliferation,  are  apt  soon  to  form  connec- 
tion with  the  walls  of  the  vessels,  and,  by  the  growth  into  them  of  blood- 
vessels from  the  mm  msorum  to  find  the  conditions  necessary  for  their 
development,  and  they  may  thus  soon  involve  the  entire  wall  of  the  ves- 
sel and  grow  out  into  adjacent  parts. 

The  Veins. 
DIIJATATION.    (Fhleboctaaia.) 

Dilatation  of  the  veins,  or  phlebeetasia,  presents  itself  under  a  vari- 
ety of  forms. 

1.  Simple  Dilatation. — The  vein  is  uniformly  dilated  in  a  cylindri- 
cal or  fusiform  shape ;  its  length  is  not  increased ;  its  walls  may  be  tliicker 
than  normal  or  thinned ;  the  valves  may  be  thickened,  or  are  insufficient, 
or  atrophic,  or  are  torn. 

2.  Cirsoid  Dilatation. — The  vein  is  eylindrically  dilated,  but  is 
also  increased  in  length,  so  that  it  assumes  a  very  tortuous  course.  The 
walls  may  be  thickened  or  thinned. 
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3.  Varicose  Dilatation, — Portious  of  the  wall  of  the  veiu  undergo 
saccular  dilatation.  The  wall  of  the  sac  is  formed  of  the  coats  of  the 
vein,  but  these  may  be  thickened  or  thinned;  the  middle  coat  may  dis- 
appear entirely.  There  may  be  only  one  such  dilatation,  or  there  may 
be  a  number  on  the  same  ^'eiu,  or  a  number  of  veins  may  be  affected  at 
the  same  time.  The  vein  may  be  otherwise  normal,  or,  more  frequently, 
is  more  or  less  uniformly  dilated. 

4.  Anastomosing  Dilatation.— A  number  of  contiguous  and 
anastomosing  veins  are  dilated,  both  in  the  cirsoid  and  varicose  forms. 
The  vein  then  looks  like  a  eeries  of  cavities  separated  by  thin  partitions. 
The  dilatations  of  the  same  vein  become  adherent  to  each  other  and  to 
those  of  the  adjoining  veins;  portions  of  the  walls  of  the  dilated  parts 
may  atrophy  so  that  there  may  be  a  number  of  ca\-ities  containing  venous 
blood  and  separated  from  each  other  by  thin  partitions. 

Distribution,  Causes,  and  EFFEtrrs  of  Phlebectasia. —Sponta- 
neous restitution  of  dilatations  of  the  veins  is  not  common,  and  usually 
occurs  only  in  the  lesser  degrees  of  the  lesion.  The  tendency  of  the  dila- 
tation is  to  increase.  Thrombi  frequently  form  in  the  dilated  Veins,  and 
either  partially  or  completely  till  them.  These  thrombi  may  become 
organized,  or  they  may  dry  and  become  calcified,  forming  phlebolitha,  and 
by  the  formation  of  new  connective  tissue  in  the  walls  they  may  become 
enclosed  in  a  fibrous  capsule,  with  the  obliteration  of  the  vessel.  The 
wall  of  the  dilated  sac  may  become  so  thin  that  it  finally  ruptures. 
Inflammation  of  the  dilated  vein  may  occur,  followed  by  fibrous  thick- 
ening. 

When  occurring  i  n  mucous  membrane,  dilated  veins  are  usually  asso- 
ciated with  persistent  catarrh.  There  is  hardly  one  of  all  the  veins  of 
the  body  which  may  not  be  dilated.  Tlie  htemorrhoidal  veins  forming 
"  hiemoirhoids  " ;  the  veins  of  the  leg  and  thigh ;  those  of  the  pelvis  and 
pelvic  viscera;  those  of  the  spermatic  cord,  scrotum,  and  labia;  thase  of 
the  abdominal  wall;  those  of  the  neck  and  arms — are  mast  frequently 
involved. 

The  immediate  cause  of  dilatation  is  usually  some  obstruction  to  the 
passage  of  the  blood  through  the  veins  towanl  the  heart ;  but  alterations 
in  the  walls  of  the  vessels  from  degeneration,  infiammatiou,  or  injury 
are  often  important  predisposing  factors. 

WOUNDS— BUPTUHB. 

WomidB  of  the  veins  usually  heal  by  a  simple  contraction  and  an 
adhesive  infiammatiou  of  their  walls;  .sometimes by  the  formation  of  a 
thrombus.  Rupture  of  the  veins  may  be  produced  by  se>ere  contusions 
and  crushings  of  the  body  and  by  violent  falls.  Perforation  of  a  vein 
may  be  produced  by  suppuration  of  the  soft  parts  and  the  in^■asion  of 
the  walls  of  the  ^■essel ;  by  the  pressure  of  an  aneurism  or  of  a  new 
growth ;  by  the  thinning  of  the  wall  of  the  vein  in  phlebectijsia. 


Digitized  by  Google 


THE  CIRCULATOKY  SYSTEM. 


Thrombosis  of  the  ivfmior  vena  cava  has  been  mauy  times  recorded. 
It  is  usaally  due  to  pressure  on  the  vessel  or  may  occur  as  au  exteusion 
of  thrombi  from  the  contributory  veins.' 

Thrombosis  of  the  superior  vena  cava  usually  follows  pressure  from 
without  by  tumors,  aneurisms,  or  enlai^ed  lymph  uodes. 

Thrombosis  of  other  large  venom  trunks  may  occur  under  various  local 
and  general  conditions  (see  below,  thrombosis  and  phlebitis,  and  page 
72).' 

DEQENEBATIOH. 

Fatty  degeneration  and  calcification  may  occur  lu  the  walls  of  the  veioa 
under  conditions  similar  to  those  in  which  these  changes  take  place  in 
the  arteries. 

INFLAMMAllON.    (naabttw.) 

lufiammatiou  of  the  veins,  phlebitis,  may  involve  chiefly  the  external 
iayers—periphkbUis ;  or  the  internal — endopklebitis ;  or,  as  is  verj-  fre- 
quently the  case,  the  entire  wall  may  be  aflfected.  Phlebitis  may  be  due 
to  an  infectious  thrombus,  to  injuries,  or  to  au  infections  inflammation 
of  the  surrounding  tissues.  Thrombosis  of  the  vein,  either  primarj'  or 
secondary,  is  a  very  constant  accompauiment  of  phlebitis.  Thrombosis 
and  phlebitis  are  not  infrequent  in  association  with  or  following  infec- 
tious diseases,  in  cachectic  conditions,  and  with  rheumatism  and  gout. 

Acnte  Infective  PhlebitiB  may  follow  a  suppurative  periphlebiti-s.  The 
outer  layers  of  the  vein  wall  are  congested,  swollen,  infiltrated  with  serum 
and  pus.  The  inner  coats  may  become  infiltrated  with  pus;  they  may 
become  necrotic  and  disintegrate.  A  thrombus  is  constantly  formed  under 
these  conditions,  which  may  for  a  time  stop  the  circulation  and  keep 
the  products  of  inflammation  and  degenemtion  and  infectious  material 
from  mixing  with  the  blood ;  but  the  thrombus  itself  is  prone  to  disinte- 
gration, juid  thus  the  exudates  and  fragments  of  disintegrated  Oirombi  or 
tissue  or  bacteria  may  enter  the  circulation. 

On  the  other  hand,  owing  to  the  presence  of  irritating  or  infectious 
material  within  theveiu  and  the  formation  of  a  thi'ombus,  the  inflamma- 
tory process  maybe  at  the  commeueement  an  endophlebitis,  but  usually, 
if  the  inflammation  be  at  all  severe,  the  entire  wall  of  the  vessel  is  event- 
ually involved. 

Acute  phlebitis  may  terminate  in  the  absorption  of  the  thrombus  and 
the  return  of  the  vein  to  its  normal  condition,  or  in  the  obliteration  of 
the  vein.  The  pyogenic  cocci,  the  typhoid  bacillus,  the  pneumoeoccus, 
and  several  other  micro-organisms  have  been  found  iii  phlebitis.     In  the 

'  For  a  case  of  complete  flbrous  obstruction  of  superior  and  inferior  vdda  cavfD,  see 
Meffer.  Mt.  Sinai  Hosp.  Reports,  vol,  iii,.  1008,  p.  35. 

'  For  aconsideraiioDOf  pcriphenil  venous  Climmbosis  iu  heart  disease  consult  Welch, 
Trans.  Assn.  Am.  Pliys.,  vol,  xv.,  p.  441,  1900,  bibliography. 


Dijiiiztdb,  Google 


THE  crECULATOBT  SYSTEM. 


463 


phlebitis  with  thrombosis,  which  frequently  complicates  infectious  dis 
eases  such  as  typhoid  fever,  pueumoDia,  etc.,  the  bacteria  present  are 
frequently  not  those  which  are  the  exeitaut«  of  the  primary  disease. 

The  most  imiM)rtant  results  of  phlebitis  are  usually  those  which 
depend  upon  the  introduction  into  the  blood  of  infectious  or  other  emboli 
(see  page  76).  The  relationship  between  non-iufectious  thromhi  and 
phlebitis  is  in  many  eases  not  clear.' 


Fia.  367.— TCBKRCCLOC8  Phlibitis. 

TheaecIloD  I*  Irom  one  oT  the  purmonary  relDS  la  a  cbUd  dead  of  acuM  general  miliary 


Chronic  Feiiphlebitii  results  in  thickening,  principally  of  the  outer 
coats  of  the  veins,  but  the  inner  coats  may  also  be  involved.  The  sur- 
rounding tissue  may  be  also  thickened  and  coalesce  with  tlie  walls  of  the 
vein.     There  may  or  may  not  be  thrombosis. 

Chronic  Endophlebitia  is  a  not  very  common  lesion,  of  the  same  general 
character  as  chronic  endarteritis,  with  which  it  is  often  associated. 
More  or  less  circumscribed  patches  of  new  connective  tissue  are  formed 
in  the  inner  coats,  which  may  undergo  fatty  or  calcareous  degeneration. 

Taberculoua  Inflammation  of  the  walls  of  the  veins  may  occur  as  an 
extension  of  the  piocess  from  without  or  from  a  lodgment  of  the  tuberele 
bacilli  in  the  blood  current  on  the  intima  (Fig.  257).  This  is  not  infre- 
quent in  the  pulmonary  veins,  and  Weigert  has  called  attention  to  the 
fact  that  in  acute  miliary  tuberculosis  the  growth  of  tubercle  tissue  into 
the  lumina  of  these  veins  from  tutierculons  lymph-nodes  is  of  fi'equeut 
occurrence  and  readily  explains  the  topography  and  mode  of  occurrence 
of  the  general  disease.  The  tubercle  bacilli  which  are  present  in  the 
tuberculous  tissue  gi-owing  into  the  lumen  of  the  veins  find  thus  an  easy 
distribution.' 

Syphilitic  Inflammation  may  involve  the  walls  of  the  veins  either  as 
gummy  tumors  or  as  more  diffuse  thickenings. 

'  PoDault  in  this  connection  Welch  on  Thrombosis,  Albutt's  "  System  of  Medicine," 
vol.  vi.,  p.  170. 

'Bee  references  imder  Miliary  Tuberculosis,  p.  218. 
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Primary  tumors  of  tlie  veins  are  rare.  Small  leiomyomata  have  been 
described  in  the  saphenous  and  ujnar  veins.  A  myo^aiooma  as  large  as 
a  man's  fist  has  been  described,  situated  lu  the  dilated  vena  cava  inferior. 
The  veins  are  not  infrequently  secondarily  involved  by  sarcomata  and 
carcinpmata,  and  sometimes  by  ohondromata.  The  thin  Trails  of  the  veins 
offer  comparatively  little  resistance  to  the  encroachment  of  malignant 
tumors,  which  thus  gain  access  to  the  circulation  and  may  form  metas- 
tases in  various  parts  of  the  body. 

PABASITE8. 

Echioococcns  is  sometimes  found  in  the  veins,  having  either  devel- 
oped there  or  perforated  from  without. 

Two  species  of  diatoma  (liver  jliike)  occur  in  man.  D.  hepaticvm 
occurs  rarely  aud,  while  usually  found  in  the  bile  ducts,  may  occur  in 
the  vena  cava.  J>.  hwtnatobium  is  very  common  in  man  in  I^'pt  and  in 
other  parts  of  Africa,  and  usually  occurs  in  the  portal  vein  or  its  branches, 
and  frequently  in  other  veins. 


The  Capillaries. 

The  walls  of  the  capillaries  are  so  thin  and  so  intimately  connected 
viih  the  surrounding  tissues  that  their  lesions  are  studied  most  appro- 
priately among  the  diseases  of  the  se^'cral  organs.  Dilatation  of  the 
new-formed  capillaries  in  tumors,  granulation  tissue,  etc.,  and  fatty  and 
hyaline  degeneration  of  their  walls,  may  be  mentioned  here  as  readily 
observed  lesions  occurring  under  a  variety  of  conditions.  The  changes 
which  we  assume  to  occur  in  the  walls  of  the  smaller  veins  and  capillaries 
in  exudative  inflammation,  by  reason  of  which  fluids  aud  blood  cells  pass 
through  them,  are  not  yet  sufficiently  understood  to  be  described  with 
defluitcuess. 

The  Lymph-VesBels. 

General  Characters  of  the  Iiymph-Vesaels. 

The  smaller  lymph- vessels  can  badly  be  treated  as  indepeudpiit  Jt.nicturos,  siiice 
their  walls  are  so  closely  joiiitd  with  the  tissues  through  whicli  they  pass.  It  is  per- 
haps  wiser  to  follow  the  suggestion  of  Adler  and  .Uell^ei''  and  call  the  spaces  of  the  con- 
nective and  other  tissues  into  which  transudation  from  tlie  smaller  blood-vessels  lakes 
place,  not  lymph  radicles  or  "  lymph  capillaries  "  as  is  commonly  done,  but  to  consider 
them  tissue  spaces  from  which  the  transudates  of  varying  composition  aie  gathered 
into  the  lyinpli- vessels.  But  the  larger  lymph-vessels  we  find  the  seat  of  various  more 
or  less  independent  lesions. 

■  Adlcr  and  Meltzer.  Jour.  E\p,  Med.,  vol,  j  ,  p,  482,  1890. 
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LTHPHANOIEOTASIS. 


Dilatation  of  the  lymph-vessels  occurs  under  a  variety  of  conditions. 
It  may  be  congenital,  or  it  may  be  due  to  some  hindrance  to  the  flow  of 
lymph  onwai-d — as  by  pressure  from  any  cause,  or  from  the  occlusion  of 
the  vessels  by  inflammation:  If  the  dilated  vessels  form  a  circumscribed 
mass,  this  is  often  caJled  a  lymphangioma  (Fig,  181).  In  certain  forms 
of  elephantiasis  and  in  macrogloasia  the  dilatation  of  the  lymph-vessels  is 
an  important  factor.  Its  occurrence  is  not  infrequent  in  the  labia,  pre- 
puce, and  scrotum.  Dilatation  of  the  chyle  vessels  may  occur  in  ths 
mucous  membrane  of  the  intestine  and  in  the  mesentery.  Filarial  lym- 
phatic varix  is  of  occasional  occurrence. ' 

ObBtruotion  of  the  Thoracic  Duct  maybe  due  to  tumors,' or  enlai^ed 
lymph-nodea,  or  inflammatory  processes  in  the  mediastinum;  to  aneur- 
ism, to  thrombosis  of  the  left  innominate  vein,  to  insufficiency  of  the 
tricuspid  valve ;  or  to  iuflammatory  processes  in  the  wall  of  the  duct.  It 
may  occur  under  various  other  conditions.  It  may  be  compensated  by 
collateral  lymphatic  anastomoses,  or  it  may  lead  to  various  lymphangi- 
ectasia and  to  transudation  of  lymph.     Thus  chylous  ascites  may  occur. 

Ooiigenital  doubling  or  division  aud  other  abnormalities  of  the  tho- 
racic duct  are  recorded. ' 

HJFLAMMAIIOK.    (Lymplnaiieitis.) 

Acute  Infective  LymphangitiB.— Inflammation  of  the  larger  lymph- ves- 
sels is  usually  secondary  and  often  connected  with  an  infected  wound  or 
injury.  Owing  to  the  entrance  into  the  lymph  trunk  of  bacteria  or  other 
Infectious  agents,  poison  of  venomous  reptiles,  insects,  etc.,  the  vessels, 
sometimes  for  a  considerable  distance  away  from  the  wouud,  become  red, 
tender,  aud  paiuful.  Under  these  conditions  the  appearances  which  the 
vessels  present  vary.  In  some  cases  the  redness  disappears  after  death 
and  we  find  no  appreciable  alteration.  lu  other  cases,  the  walls  of 
the  lymph-vessels  are  more  or  less  densely  infiltrated  with  pus  cells, 
there  is  proliferation  of  the  endothelium,  and  the  lumeu  may  contain 
variable  quantities  of  pus  and  fibrin  and  desquamated  degenerated  en- 
dothelium. The  tissue  about  the  vessels  may  also  be  infiltrated  with 
serum  and  pus.  These  lesions  may  undergo  resolution  and  the  vessel  be 
restored  to  its  normal  condition ;  or  the  vessel  wall  and  surroundiug 
tissue  may  die  or  become  involved  in  abscess ;  or  new  connective  tissue 
may  form  in  aud  about  the  vessel,  sometimes  with  obliteration  of  its 
lumeu.     The  associated  lymph-uodes  may  participate  in  the  Inflammatory 


'  See  Opie.  '  Filarial  Lymphallc  Varii,"  Tmna.  Assn.  Am.  Phye.,  vol.  ivi,,  p  881. 
'For  bibliograpby  of  carcinoma  involving  the  thoracic  duct  see  A.  H,  &aith,  Med, 
Record,  December  2d,  1899.  p.  813. 

'Butler.  Jour.  Med  Res.,  vol.  x.,  1903,  p.  158,  bibliography. 
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Tnberonloiu  Lymphan^tis. — Tuberculous  iuflammatioa  occars  both  in 
large  and  small  lymph-vessels.  Miliar;  tubercles  and  diffuse  tubercle 
tissue  may  form  in  the  walls  and  project  into  the  lumen  of  the  lai^r 
trunks;  or  in  the  smaller  vessels  the  new  growth  may  entirely  fill  the 
lumen,  and  grow  within  it,  with  more  or  less  involvement  of  the  walls. 
This  may  occur  independently,  but  it  is  most  frequently  seen  in  connec- 
tion with  tuberculous  inflammation  of  adjacent  tissues.  Thus  from  tuber- 
culous lymph-nodes  in  the  vicinity  of  the  thoracic  duct  there  may  be  a 
direct  extension  of  the  tuberculous  inflammation,  an  involvement  of  the 
walls  of  the  duet,  and  a  growth  of  tubercle  tissue  into  its  lumen.  Such 
growths  in  the  thoracic  duct  have  been  shown  by  Weigert  to  occur  in  acute 
general  miliary  tuberculosis,  and  satisfactorily  explain  the  dissemination 
of  the  tubercle  bacilli.  In  the  vicinity  of  tuberculous  ulcers  in  the  in- 
testines, furthermore,  we  often  see  the  subserous  lymph-vessels,  which 
pass  from  the  \icinity  of  the  ulcers,  distended  with  the  products  of  tu- 
berculous inflammation  and  looking  like  dense  white  knobbed  cords 
(Fig.  329). 

Syphilitic  Lymphangitia  not  infrequently  occurs  In  the  vicinity  of 
syphilitic  ulcers  in  the  primary  stage.  lu  later  stages  there  may  be 
thickening  of  the  walls  of  the  vessels  and  the  development  of  gummy 
tnmora  in  and  about  them. 

TUHOBS. 

The  relation  of  the  endothelium  of  the  lymph-vessels  and  spaces  to 
endotheliomata  has  been  already  mentioned  in  the  section  on  Tumors. 

The  dissemination  of  malignant  tumors  through  the  lymph  cbaunels 
is  of  frequent  occurrence,  and  is  particularly  marked  in  the  case  of  car- 
cinoma. In  the  vicinity  of  carcinonuita  the  lymph-vessels  are  not  infre- 
quently crowded  with  the  tumor  cells,  formhig  whit«,  irregular  cords; 
or  small  masses  of  the  tumor  cells  may  be  found  in  the  lymph- vessels, 
either  near  to  or  remote  from  the  tumor.  White,  irregular  networks  are 
often  formed  in  this  way  beneath  the  pleura  in  carcinoma  of  the  lung 
(Fig.  300),  or  beneath  the  capsule  of  the  liver.  Transverse  sections  of 
lymph-vessels  thus  distended  show  sometimes  swelling  and  detachment 
of  the  endothelium  and  a  crowding  of  the  lumen  with  tumor  cells. 
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CHAPTER  VI. 

THE  BE8PIRATOBT  SYSTEM. 
The  Nose  and  Its  Associated  Cavities. 

The  mucous  membraae  lining  the  Duse  under  uormal  conditions  cleanses  from  dust 
the  air  which  impinges  upon  nnd  sweeps  across  it  in  respiration.  It  Is  in  this  way  ex 
posed  to  various  deleterious  agencies.  It  is  subject  also  to  such  sudden  chftnges  of  tern 
perature  as  may  Involve  great  and  abrupt  alterations  in  the  condition  of  its  blood- 
vessels. 

IHTLAMMATION.    (Hhinltla.) 

Aonte  Catarrhal  Inflammation  is  common  and  often  associated  with  a 
similar  process  in  (he  pharynx  and  larynx.  There  is  at  first  a  hyperEciiiic 
swelling  followed  by  an  increased  pro- 
duction of  mucus  and  transudation  of 
serum  from  the  blood-vessels;  emigration 
of  leucocytes  and  desquamation  of  epi- 
thelium may  follow.  This  and  other  in- 
flammatory processes  may  extend  to  the 
frontal  sinuses  and  the  antrum  where  the 
exudates  may  collect  (Fig.  258).  As  the 
process  resolves,  the  exudation  ceases, 
the  epithelium  r^enerates,  and  the  mucosa 
is  restored  to  its  normal  condition. 

PBendomembranoiu  Inflammation,  either 
simple  or  diphtheritic,  may  involve  the 
nasal  cavities.  Phlegmonous  inflamma- 
tion involving  adjacent  parts  is  of  occa- 
sioiuil   occurrence.     Bacteria   appareutly 

play  an  important  part  as  excitants  of  fig.  %8.-g*tarhiial  iNrLAMVATinv  oi- 
acute  catarrhal  and  pseudomembranous  ^"■*'c™'^»*'[:>'»R*^'"»'"'^^"'">'- 
inflammation.  the  epiineiium. 

Chronic  Catarrhal  TnWammation  may  follow  the  acnte  form,  and  is 
marked  by  hyperplasia  of  the  fibrous  tissue  in  the  submncosa,  often  fol- 
lowed by  atrophy  of  the  mucosa.  Ulceration  of  the  mucosa  may  occur; 
the  exudate  may  a-ssume  a  fetid  character.  An  hyperplasia  of  the  mu- 
cosa may  lead  to  the  formation  of  the  so-called  mucous  polyxw.'  These 
often  contain  hyperplastic  mucous  glands  and  they  are  often  oedematous. 

'  For  a  study  of  the  bacteriology  of  nasal  inQanjmation  sec  Ilotrard,  Am.  Jour.  Meil. 
Sciences,  vol.  cxv..  p.  520,  1898.  Sec  also  for  bacteria  of  the  nose,  A'eiimam-.  Zcils.  I. 
Hyg..  etc.,  Bd.  xl.,  p.  88.  For  a  study  of  the  lympli- vessels  of  the  nose  and  pharynx 
see  Moit.  Arch.  I.  Anal.  u.  Phjs.,  IBO!,  p.  75. 

*  For  a  summary  of  facts  concerning  the  nature  of  the  oi'dinary  nasal  polyps  see 
Wright.  New  York  Med  Record,  January  26tri,  1901,  p.  183.  bibliography. 
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Tnbercnlona  and  Syphilitio  Inflammation  with  the  usual  morpbological 
characters  of  these  processes  are  commou  in  the  uasal  cavities. 


Aside  from  the  nasal  polyp*  which  may  be  adenomatous  in  charaeter, 
the  most  common  tumors  are  epithelioma  and  sarcoma. 

Dermoid  cyata  have  been  described. 

The  pharynx  may  be  the  seat  of  lesions  similar  to  tliose  just  described 
as  involving  the  nasal  cavities. 

The  Larynx  and  Trachea. 

Ualformationa. 

The  Ibijdx  and  trachea  may  be  abseot.     The  hkrynz  may  be  abaormally  large  or 

small;  the  epiglottis  also  may  be  loo  large  or  too  small,  or  may  be  cleft.  There  may 
be  commuDications  between  the  trachea  aud  the  oesophagus,  and  then  the  pharj'nT  gen- 
erally ends  in  a  cul-de-sac,  and  the  (esopliagua  opens  into  the  trachea.  There  may  be 
imperfect  closure  of  the  original  branchial  arches,  so  that  there  are  fissures  in  the  sliin 
leading  iuto  flstula-  nliich  open  into  the  pharynx  or  trachea.  The  fissure  in  the  skin  is 
small  and  is  situated  about  an  inch  above  (he  sl«rno-cla<ricular  articulation,  usually  on 
one  or  both  sides,  more  rarely  in  tlie  middle  line.  Individual  cartilages,  as  the  epiglot- 
tis, or  one  or  more  rings  of  the  trachea,  may  be  absent,  or  there  may  be  supemunierary 
rings.  The  trachea  may  divide  iuio  three  main  bronchi  instead  of  two.  and  in  tliat  case 
two  bronchi  are  given  off  Xo  the  right  lung  and  one  to  the  left.  The  trachea  may  be 
on  the  left  side  of  the  (esophagus  or  behind  it. 


(EBEHA   OF  THE  OU)TTIS. 

This  is  a  condition  in  which  there  is  an  accumulation  of  serous  fluid 
in  the  subraucosa  of  the  upper  part  of  the  larynx.  This  may  be  due  to 
simple  circulatory  disturbances,  local  or  general,  or  it  may  be  inflamma- 
tory in  character.  The  greatest  accumulation  of  fluid  is  in  plaees  in 
which  the  submucous  tissue  is  abundant  and  loose  in  texture,  as  in  the 
posterior  wall  of  the  epiglottis,  in  the  ary-epiglottidean  folds,  and  in  the 
false  vocal  cords.  The  .swelling  of  these  parts  may  be  so  great  as  to 
occlude  the  air  passage.  After  death  the  (edematous  swelling  may 
lai^ely  disappear,  but  the  mucous  membrane  may  be  left  unusually 
wrinkled  and  flabby. 

(Edema  of  the  glottis  is  comparatively  infrequent  in  association  with 
such  heart,  kidney,  and  lung  lesions  as  lead  to  general  <edema.  It  is,  on 
the  contrai-y,  fi-equeut  in  connection  with  various  forms  of  laryngeal 
inflammation. 

nfFLAUHATION,     (Laryngitis.) 

Acute  Catarrhal  Laryngitis. — This  occurs  as  an  independent  process  as 
a  complication  of  the  infectious  diseas&s,  or  mayjje  induced  by  the  inha- 
lation of  irritating  vapors  and  of  hot  steam  and  smoke.  The  inflamma- 
tion varies  in  its  intensity  in  different  cases.  Tlie  mucous  membrane  is 
at  first  congested,  swollen,  aud  dry ;   then  the  mucous  glajids  become 


^^.OOQle 


.gle 


THE  RESPIEATORT  SYSTEM.  469 

more  active  aud  an  increased  quautity  of  mucus  is  formed.  There  is 
desquamation  of  the  superficial  epithelial  cells,  while  through  emigra- 
tiou  leueoejies  may  infiltrate  the  submucosa,  and  t(^ether  with  mucus 
aud  desquamated  epithelium  form  the  exudat«.  There  may  be  oedema 
of  the  glottis. 

After  death  the  congestion  of  the  mucons  membrane  frequently  dis- 
appears altogether. 

Chrome  Catarrhal  Laryngitis. — The  surface  of  the  mucous  membrane  is 
drj'  or  coated  with  muco-pus.  The  epithelium  is  thickened  in  some 
places,  thinned  in  othere,  or  in  places  entirely  destroyed.  The  submu- 
cosa  may  be  infiltrated  with  cells,  diffusely  thickened,  oi-  foim  little 
papillary  outgrowths;  it  may  be  thinned,  or  necrotic  and  ulcerated. 

The  mucous  glands  may  be  swollen  and  prominent.  The  inflamma- 
tion may  extend  to  the  perichondrium  of  the  cartilages,  wh!<;h  may 
become  necrotic.  In  chronic  laryngitis  there  may  be  a  more  or  less 
diffuse  thickening  of  the  epithelium,  often  associated  with  an  hyperpla- 
sia of  the  submucous  tissue.     This  is  called  pachydermui  diffusa.     A  sim- 


Fiu.  iu].— Localized  Hvpi:bplas]a  or  thk  EriTHKLiV!*  AND  scbkitwum  connkciive  Tibscb  of  thb 
The  sDCllon  sbowa  a  porlloa  of  a  gmalt  rouRh  wart-like  or  papillary  gnmtli. 

ilar  process,  if  localized,  may  lead  to  larger  and  smaller  wart-like 
excrescences— /»«cft^<If»-»i«i  ie)7i«T»w(  (Fig.  259). 

Cronpona  Laryngitis  occurs  most  frequently  as  the  characteristic  local 
lesion  iu  diphtheria,  of  which  the  Bacillus  diphtheriie  is  the  excitant  (see 
page  259).  It  may,  however,  be  incited  by  the  Streptococcus  pyogenes 
and  other  bacteria,  and  not  infrequently  accompiiiiie.s  other  infectious  dis- 
eases, scarlatina,  typhoid  fever,  and  other  exanthemata  (see  page  209). 
The  false  membrane  may  be  continuons  with  a  similar  structure  in  the 
pharynx,  and  it  may  extend  down  into  the  bronchi. 

Fhlegmonona  Laryi^tia, — Suppurative  inflammation  involving  the 
nincosti  and  snbmucosa  is  nanally  secondary  to  catarrhal,  croupous,  tuber- 
culous, or  syphilitic  larj-ngitis ;  or  it  may  be  associated  with  pyiemia  or 
er>8ipela8,  or  it  may  follow  mecha:iical  injury  from  a  foreign  body.  It 
is  not  uncommon  on  the  posterior  surface  of  the  epiglottis  or  iu  the  ary- 
epiglottidean  folds,  and  may  be  as.Mwiated  with  cedema  of  the  glotli-s. 
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Abfweasea  may  form  which  rupture  into  the  larynx,  or  they  may  extend 
into  the  neck  or  the  pliaryux  or  oesophagus. 

XubercnloiiH  Laryn^tis. — This  lesion  is  most  frequently  associated  with 
pulmonary  tuberculosis.  Early  in  the  process  there  is  a  formation  iu  the 
submucosa  of  miliary  tubercles  together  with  more  or  less  new  small- 
celled  tissue ;  with  this  is  a  catarrhal  inflammation  with  an  exudate  of 
mucus,  pus  cells,  and  desquamated  epithelium. 

As  coagulation  necrosis  of  the  subepithelial  tubercles  occurs,  ulcers 
are  formed,  often  with  an  increase  of  the  catarrhal  exudate.  The  proc- 
ess may  extend  so  as  to  involve  the  walls  of  the  larj'nx,  and  necrosis  of 
the  cartilages  may  follow.  Adjaeent  ulcers  may  become  confluent  so 
that  considerable  areas  of  the  mucous  membrane  may  be  destroyed. 

Byphilitio  Laryngitu. — This  form  of  inflammation  may  have  the  ordi- 
nary characters  of  an  acute  or  chronic  catarrhal  inflammation,  or  it  is  pro- 
ductive in  character  with  the  formation  of  new  tissue  in  the  stroma  of 
the  mucons  membrane.  This  new  tissue  is  principally  composed  of 
small  cells,  which  often  degenerate  and  become  necrotic.  In  this  way 
the  mncous  membrane  of  the  larynx  and  the  tissues  beneath  are  thick- 
ened in  some  places  and  destroyed  in  others,  giving  rise  to  erosions  and 
ulcei-s.  These  ctianges  are  especially  marked  in  the  upper  portion  of  the 
larynx.  If  the  i>eric.hondrium  be  involved  there  may  be  necrosis  of  the 
laryngeal  cartilages.  Owing  to  the  cicatricial  contractions  of  healed 
syphilitic  ulcers  tliere  may  be  great  deformity  of  the  larynx. 

Lesions  of  the  trachea  are  often  associated  with  those  of  the  larynx  and 
are  in  general  similar  in  character. 

TUHOBS  OF  THE  LAKTITX  ANV  TKAOHEA. 

Betention  Cysts  of  the  mucous  glands  of  the  tarynj;  may  form  sa«s 
projecting  into  its  cavity. 

Papilloma,  single  or  multiple,  is  the  most  common  form  of  benign 
tumor  of  the  larynx.  It  is  most  frequent  upon  tlie  vocal  cords  and  is 
usually  associated  with  chronic  inflammation.  Fibroma,  lipoma,  myxoma, 
and  angioma  are  occjisionally  met  with.  Chrondromata  grow  from  the 
normal  cartilages  and  are  usually  multiple  and  s^'ssile.  They  may  pro- 
ject into  the  cavity  of  the  larynx. 

Fusiform  or  spheroidal -eel  led  saroomata  of  the  larynx  have  been  seen 
in  a  considerable  number  of  ease-s,  both  in  children  and  in  adnlts. 

Garcinomata,  usually  the  epitheliomatous  type,  may  originate  in  the 
larynx,  most  commonly  upon  the  false  vocal  cords.  But  from  adjacent 
structures,  usually  from  the  oesophagus,  cancer  may  invade  the  larjnx. 

In  the  irafhea  tumors  are  of  rare  occurrence,  but  occasional  examples 
of  growths  similar  to  those  in  the  larjnx  have  been  found.  Tuberculous 
and  otherwise  altered  bronchial  lymph-nodes  may  by  ulcerative  processes 
"uter  and  obstruct  the  trachea. 

Single  or  multiple  amyloid  masses,  often  associated  with  cartilage, 
have  been  described  in  the  lar>-nx  and  trachea. ' 

'  See  Maiiatie,  Vircli.  Arcb.,  Bd.  cWs..  p.  117,  1900, 
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The  Pleiira. 

HYSROTHOSLAX. 


Non- inflammatory  accomulatioiis  of  clear  serum  in  the  pleural  cavi- 
ties are  of  frequCDt  occurreDce.  They  owur  under  conditious  similar 
to  those  which  lead  to  dropsy  in  other  parts  of  the  body — lesions  of  the 
heart,  liver,  and  kidneys,  and  changes  in  the  circulation  and  in  the  com- 
position of  the  blood. 

If  the  amount  of  serum  be  large  it  may  compress  the  lower  lobes  of 
the  lungs. 

HTDBO-PHK.iniOTHOILAZ'-PTO.PNEUlCOTHOBAX. 

The  presence  of  air  in  the  pleural  cavities  is  usually  associated  with 
a  serous  or  purulent  exudate.  It  may  occur  as  the  result  of  perforatiop 
of  the  lung,  from  rupture,  from  ulceration  of  tuberculous  lesions  at  the 
pleural  surfaces,  from  injuries  to  the  chest  wall,  perforation  of  the  dia- 
phragm by  suppurative  or  cancerous  lesions  of  the  oesophagus,  stomach, 
or  intestine,  as  well  as  in  a  variety  of  other  conditions.  Gas  may  form 
in  the  pleural  cavities  in  infection  by  the  bacillus  aerogenes  capsulatus. 

TT  murcmmt  a  aie 

Snbpleural  ecchymoses  may  occur  in  asphyxia  or  during  infectious 
diseases  or  intoxications.  More  extensive  extravasations  of  blood — 
hiematothorax — may  be  the  result  of  injuries  to  the  wall  of  the  thorax  or 
the  rupture  of  aneurism. 

Htemorrbagic  Exudates  are  usually  associated  with  tuberculous  inflam- 
mation of  the  pleura  or  with  iufaretioiisof  the  lungs,  carcinoma,  or  inju- 
ries, infectiouE  diseases,  or  cirrhosis  of  the  liver. 

INFLAiaCATION.    (PleuritU,  PlfluiiBy.) 

Inflammation  of  the  pleura  may  occur  as  an  independent  lesion,  bui 
it  is  commonly  associated  with  pathological  processes  in  the  lungs,  peri- 
cardium, abdoineu,  or  chest  wall.  It  may  be  exudative  in  character, 
usually  associated  with  more  or  less  proliferation  of  the  mesothelial 
("endothelial")  ami  connective-tissue  cells,  or  it  may  be  productiv 
with  the  fonnation  of  new  connective  tissue.  These  phases  of  inflamma- 
tion may  be  a-ssociated.  Through  the  production  of  new  connective  tis- 
sne,  n-pair  of  the  acute  inflammatory  lesion  is  commonly  eifected.  In 
the  exudative  forms  of  pleurisy  the  exudate  may  consist  of  fibrin,  or 
serum  and  fibrin,  or  of  serum  with  fibrin  and  pus. 

Simple  Fibrinona  Pleorisy  (Dry  Pleurisy  ;  Kenritis  Sicca). — This  may 
invoh'e  circumscribed  areas  of  the  costal,  mediiustinal,  diaphragmatic, 
or  pulmonary  i)leiira,  less  frequently  the  entire  pleura  of  one  side  of  the 
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chest.  The  affected  portions  of  pleura  are  dull  and  lustreless  and  coated 
with  fibrin,  opposing  surfaces  often  beiug  joined  by  bands  of  fibrin. 
There  are  swelling,  degeneration,  proliferation,  and  exfoliation  of  the 
mesotbelium,  with  swelling  and  proliferation  of  the  connective-tissue 
cells  beneath.  Exceptionally,  there  is  involvement  of  the  entire  pleura 
of  one  side,  with  the  production  of  such  a  large  amount  of  fibrin  as 
seriously  to  compress  the  lung.' 

Seio-Fibrinona  Pleurisy  (Flenriay  with  BfiuBion).^Thi8  is  the  most  com- 
mon form  of  pleurisy.  As  a  rule,  it  involves  the  greater  part  of  the 
pleura  of  one  side  of  the  chest.  Sometimes,  however,  the  pleura  of  both 
sides  of  the  chest  is  involved,  and  then  the  pericardium  also  is  often 
inflamed. 

While  the  inflammation  is  in  progress  the  surface  of  the  affected  pleura 
is  coated  with  fibrin,  and  t>andsof  fibrin  stretch  between  the  parietal  and 
pulmonary  pleura.  In  the  pleural  cavity  is  serum  in  variable  quantity. 
This  serum  is  clear,  or  turbid  from  the  presence  of  exfoliated  mesotbe- 
lium, leucoej-tes,  and  flocculi  of  fibrin  or  red  blood  cells.  The  lung  is 
compressed  in  different  degrees  and  positions,  according  to  the  quantity 
of  the  serum  and  the  character  of  the  adhesions.  The  heart  may  also  be 
displaced  by  the  accumulated  exudate. 

The  natural  termination  of  such  a  pleurisy  is  the  recovery  of  the 
patient,  with  thickenings  of  the  pleura  and  adhesions.  The  irregular 
terminations  are:  The  death  of  the  patient,  the  protracted  existence  of 
the  fibrin  and  serum,  and  the  change  of  the  character  of  the  inflamma- 
tion so  that  pus  is  produced. 

If  the  patient  recover,  the  serum  is  absorbed,  the  fibrin  disappears, 
and  repair  is  effected,  as  in  simple  fibrinous  jtleurisy,  by  the  formation 
of  grannlation  tissue,  which  gradually  becomes  dense  and  cicatricial  in 
character  and  may  remain  as  local  or  general  thickenings  or  firm  adhe- 
sions of  the  opposed  pleural  surfaces.  The  lung  may  be  distorted  by 
contraction  of  the  new-formed  connective  tissue.  The  exudates  in  the 
sero-fibrinons  form  of  pleurisy  do  not  usually  infiltrate  the  pleura,  but 
gather  upon  its  surface  and  in  the  cavity. 

The  Excitants  of  Sekofibkisous  Pleurisy. — Cultivations  from 
the  exudate  give  in  the  lai^r  proportion  of  cases  negative  results;  but 
the  pnenmococcus.  Streptococcus  pyogenes.  Staphylococcus  aureus  and 
albu-s,  and  the  typhoid  bacillas  have  been  isolated.  When  the  inflam- 
mation of  the  pleura  is  consecutive  to  acute  lobar  pneumonia,  the 
pnenmococcus  may  still  not  be  found  in  the  exudate.  The  presence 
of  the  streptococcus  is  frequently  followed  by  the  formation  of  pus. 
The  organisms  named  above  may  be  present  alone  or  in  various  associa- 
tions. Many  cases  with  simple  serofibrinous  exudate  prove  on  inocula- 
tion to  be  tuberculous.' 

'  For  a  study  of  tJic  origin  of  fibrin  ani]  adhesions  of  tlie  serous  membraneB  consult 
Beim.  Virch.  Arch.,  Bil.  clx.,  p.  365.  1900;  also  Gnylord,  Jour  Exp  Jletl.,  vol.  ill,,  p. 
1,  bibliography. 

*  For  a  study  of  the  bacteria  in  exudative  pleuritis.  with  the  earlier  bibliography, 
consult  Prudden,  New  York  Jledical  Journal,  June  34th,  16B8  For  fuller  data  see 
A'etUr.  Bouchard  and  Briasauds  "Traitcde  Medecine."  t.  vii.,  p  899.  1901. 
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Suppurative  Pleurisy  (Empyema). — Suppurative  pleurisy  may  occur 
either  with  or  without  the  formation  of  a  eousiderable  sero-fibrinous  exu- 
date. The  exudate  may  be  pundent  from  the  begiuuiug,  or  a  sero-fibrin- 
ous exudate  may  assume  this  character. 

The  pleural  cavity  in  empyema  is  partly  or  completely  filled  with 
purulent  fluid,  and  the  lung  is  either  compressed  against  the  vertebral 
colmnn  or  partly  adherent  to  the  chest  wall.  Sometimes,  however,  the 
purulent  fluid  is  shut  in  by  adhesions,  either  betweeu  parts  of  the  lung 
and  the  thoracic  wall,  or  between  the  lung  and  the  diaphragm,  or  between 
the  lung  and  the  pericardium,  or  between  the  lobes  of  the  lung. 

The  fluid  iu  the  pleural  cavity  is  usually  a  thin,  purulent  serum, 
composed  of  serum,  pus  cells,  mesothelial  cells,  and  flocculi  of  fibrin ; 
but  sometimes  this  fluid  is  thick  and  viscid. 

■While  in  children  the  more  or  less  active  suppurative  process  in  the 
pleura  may  continue  for  a  long  time  without  deep  involvement  of  the 
pleura,  iu  adults  granulation  tissue  may  form  upon  the  pleura,  which 
thus  becomes  gradually  thickened  and  may  so  remain  for  months  with 
its  inner  vascular  surface  covered  with  pus  and  fibrin.  In  such  cases  as 
well  as  in  less  chronic  forms  the  fibrin  fibrils  are  often  swollen  and  coa- 
lesce to  form  irregular  homogeneous  or  finely  granular  masses.  Besolu- 
tion  may  occur  in  one  region  of  the  pleura  while  the  exudate  in  another 
may  become  encapsulated  by  new-formed  connective  tissue. 

In  old  cases  the  thickening  of  the  pleura  may  be  great  and  it  may 
become  calcified.'  The  perichondrium  of  the  cartilages  and  the  peri- 
osteum of  the  ribs  may  become  inflamed,  with  necrosis  of  the  cartilages 
and  ribs  or  a  production  of  new  bone.  Neci-osis  and  gangrene  of  the 
involved  pleura  may  occur  and  putrefactive  process  be  set  up  in  the  exu- 
date. The  suppurative  process  may  extend  from  the  pleura  involving 
adjacent  parts,  such  as  the  fasciee,  the  mascles,  the  skin,  the  diaphragm, 
or  the  lungs.  Thus  the  pus  may  tiud  an  esit,  through  the  wall  of  the 
thorax,  into  the  xwritoneal  cavity  or  into  the  Inngs. 

In  inflammation  of  the  pleura  the  process  may  extend  to  the  lymphat- 
ics in  the  interlobular  septa,  around  the  bronchi,  and  around  the  blood- 
vessels. This  interlobular  lymphangitis  occurs  more  fi-equently  in  chil- 
dren than  in  adults.  The  lymphatics  in  the  interlobular  septa  and  those 
around  the  bronchi  and  blood-vessels  are  distended  with  pns  cells,  the 
septa  are  much  thickened,  and  the  lobules  separated  from  each  other. 

Sero-fibrinous  pleurisy  and  empyema  may  occur  as  complications  of 
infectious  diseases,  such  as  scarlatina,  tj-phoid  fever,  and  various  forms 
of  septicemia,  or  by  an  extension  of  an  inflammatory  process  from  such 
adjacent  parts  as  the  pericardium,  lungs,  mediastinum,  etc'  The  vari- 
ous forms  of  pneumonia  are  fre<tuently  associated  with  local  or  general 
inflammation  of  the  pleura. 


VerduuungBkr.,  Bd.  vii.,  IBOl,  p.  I 
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The  Excitants  of  Empyema. — Streptococcus  pyogenes  is  the  most 
frequent  excitant  of  suppurative  iuflanunation  of  the  pleura.  Ac- 
cordiug  to  the  statistics  of  Netter  this  oi^anism  has  been  found  in  a 
little  over  forty  per  cent  of  the  cases  examined  of  all  ages.  The  pneu- 
inococcus  has  been  found  in  over  twenty-five  per  ceut  of  cases  examined. 
The  streptococcus  and  the  pueumococcus  are  associated  in  a  small  pro- 
portion of  eases.  Of  less  frequent  occurrence  are  Staphylococcus  pyo- 
genes, Bacillus  typhosus,'  Bacillus  coli  communis,  the  gonococciis,  the 
pucumo- bacillus  of  Friedliinder,  and  the  influenza  bacillus.  In  empy- 
ema with  fetid  exudate,  various  forms  of  bacteria  may  be  present. 
While  in  the  adult  the  streptococcus  is  most  often  found  in  the  empye- 
mic  exudate,  in  young  childi'en  the  pueumococcus  is,  according  to  Net- 
ter,' moat  common. 

Chronic  Pleurisy  with  Adhesioiu. — This  form  of  pleurisy  may  follow 
one  of  the  varieties  of  pleurisy  just  described,  it  may  be  associated  with 
emphysema  and  chronic  phthisis,  or  it  may  occur  by  itself. 

After  death  the  pulmonary  and  costal  pleura  are  fouud  thickened  and 
joined  together  by  numerous  adhesions.  These  changes  may  invohe 
only  a  part  or  the  whole  of  the  pleura  ou  one  or  both  sides  of  the  chest. 

The  thickened  pleura  is  covered  with  mesothelium;  the  new  connec- 
tive tissue  may  be  very  dense  and  may  contain  few  or  many  cells. 
Blood-vessels  may  be  numerous  and  irregular  in  distribution  or  few  in 
number. 

Tuberoolona  FlenritiB. — Tuberculosis  of  the  pleura  is  usually  secondary 
to  tuberculous  inflammation  elsewhere  in  the  body,  either  in  the  lungs, 
which  is  most  common,  or  the  bronchial  lymph-uodes,  peritonenm,  bones, 
etc.,  or  it  may  be  a  part  of  a  general  miliary  tuberculosis.'  There  ma,y 
be  localized  or  widely  disseminated  miliary  tubercles  upon  or  beneath  the 
pleural  surfaces,  either  in  direct  association  with  lesions  beneath  the 
pulmonary  pleura  or  apart  from  these  or  upon  the  costal  pleura.  The 
tuberculous  foci  may  be  larger  and  more  diffuse.  The  minute  chars  tera 
of  the  inflammation  are  not  esseutially  different  fi'om  those  found  in' 
tuberculosis  in  connective  ti-ssue  elsewhere,  but  the  mesothelial  cells  cov- 
ering the  pleura  may  share  largely  in  the  early  phases  of  the  new  growth. 

If  the  process  be  prolonged,  much  dense  fibrous  tissue  may  be  formed 
in  which  are  miliary  tubercles  in  various  st^es  of  coagulation  necrosis 
or  larger  patches  of  necrotic  tissue  surrounded  by  miliary  tubercles  or 
diffuse  tuberculous  tissue. 

With  all  types  of  tuberculous  intlammation  of  the  pleura  more  or  less 
exudate  may  form.  This  may  be  serofibrinous,  often  with  ver>'  little 
flbrin,  or,  as  is  frequently  the  case,  it  is  tinged  or  deeply  colored  with 

'  Consult  for  cases  bibliography  Oardinier  and  Lartigaii.  Am.  Jour.  Med.  Scieoces, 
vol.  cxii.,  p.  43.  1901. 

'Netter,  Boiiehard  and  Brlssaud's  "Traile  de  Medecine,"  t,  vH.,  p.  445. 1901.  For 
a  study  of  the  ways  ot  infection  of  the  pleura  see  Qrober,  DeulKches  Arch.  f.  klin.  Med.. 
Bd.  Ixviii.,  p.  3B6.  1900.  bibliography. 

'For  evidence  of  tlie  frequency  of  primary  tuberculosis  of  tlie  pleura,  consult 
MxUiij^l,  New  York  Medical  Record,  June  S4,  1899. 
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blood.  The  exudate  may  be  purulent.  The  tuberole  bacillus  may  be 
ii880clat«d  with  other  bacteria,  most  ofteu  with  the  Staphylococcus  pyo- 
);eues  iu  the  puruleut  exudate. 

Many  cases  of  pleuritis  with  a.  sero-fibrinotiB  exudate  giving  no  growth 
of  bacteria  on  the  ordinary  culture  media  are  found  to  be  tuberculous,  by 
the  inoculation  of  guiuea-pigs  with  the  Quid. 


Fibroma,  larcoma,  and  endothelioma  may  occur  as  primary  tumors  of 
the  pleura.  Fibroma  and  lipoma  formed  in  the  Bubpleural  tissues  may 
encroach  upon  the  pleural  cavity.  Endothelioma  usually  occurs  in  the 
fonn  of  latter  and  smaller,  fiat  or  projecting,  irregular  nodular  masses 


FlU.  280.-ENm>THIII.lOllA  OK  THK  Pl.JIl'flA. 
TbelDneriurlaceotaBWnnentDruiefnsiai  pleura.  cuolaliilnR  three  or  (he  rite,  Issliown  In  Ihe  cuu 

(Fig.  260),  frequently  most  marked  and  extensive  upon  the  costal 
pleum  (.Figs.  300  and  .301).'  This  as  well  as  other  tumors  of  the  pleura 
may  be  associated  with  an  exudative  pleuritis. 

Carcinoma,  primary  in  the  thyroid,  mamma,  cesophagus,  and  stomach, 
may  tuvade  the  pleura.  Small  white,  slightly  projecting,  often  pig- 
mented elevations  of  the  pleura,  either  single  or  multiple,  are  com- 
mon. These  were  formerly  regarded  as  mostly  miliary  fibromata.  But 
Hodenpyl  aud  others  have  shown  that  while  some  may  be  fibromata  or 
lymphangiomjita  or  air  cysts,  they  are  mostly  fibrous  masses  which  re]>lace 
or  enclose  miliary  tubercles.  Eehinococcus  and  other  cyat«  of  the  pleura 
have  been  recorded." 

'  For  bibliography  o 
kmide,  Bd.  iviil..  p.  Wi.  1897. 

'  For  a  descrlutioa  o(  ciliated  cysts  of  tlie  pleura  see  Zakn,  Virchow's  Arcb.,  Bd. 
cxliii.,  p.  171. 
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The  LungB  and  Bronchi. 
The  Bronchi. 

HJEHOBBHAOE. 

Id  hiemoirhage  from  the  broDChi  the  source  of  the  blood  is  often  to 
be  sought  in  the  parenchyma  of  the  lung  (see  page  445)  or  in  a  ruptured 
aneurism.  But  hiemorrhage  from  the  bronchial  walls  may  occur  in 
tuberculous  or  other  forms  of  ulceration,  chronic  bronchitis,  malignant 
tumors,  etc, 

nrFLAUHATION.    (Bronchitia.) 

Aaute  Catairhal  Bronchitia. — This  is  frequently  associated  with  a  simi- 
lar process  in  the  trachea.  It  is  characterized  by  hypersemia  and  swelliug 
of  the  mucous  membi-ane  with  the  foimatioii  of  exudate,  which  usually 
consists  largely  of  mucus  formed  by  the  hypersecretion  of  the  mucous 
glands  or  degeneration  of  the  epithelial  cells.  Mingled  with  this  are 
exfoliated  and  more  or  less  degenerated  epitheliiun  from  the  mucous 
membrane,  leucocytes  from  the  dilated  vessels  of  the  submucosa,  varyiug 
numbers  of  red  blood  cells,  and  bacteria. 

The  microscopic  appearances  differ  iu  different  parts  of  the  bronchial 
tubes  iu  accordance  with  the  differences  iu  structure.  Mucous  glands, 
when  these  are  present,  may  reveal  great  functional  activity,  and  their 
ducts  may  be  distended  with  mucus  which,  often  mingled  with  exfoli- 
ated and  degenerated  cells,  streams  out  upon  the  surface.  Swelling  and 
proliferation  of  the  coiiuective-tissue  cells  and  endothelium  of  the  vessels 
of  the  submucosa,  cedema,  aud  emigration  from  the  dilated  vessels  are 
ofteu  marked.  The  leucocytes  may  be  seen  makiug  their  way  thi-ongh 
the  epithelium  into  the  other  exudates  upon  the  surface.  The  epithelium 
may  be  loosened,  single  or  clustered  cells  falling  off  here  and  there,  or 
shreds  of  cells  may  exfoliate  together  (see  Fig.  261).  The  deeper  sphe- 
roidal epithelia,  the  so-Civlled  mother  cells  from  which  the  new  ciliated 
cells  on  the  surface  are  formed  in  both  physiological  and  pathological 
regeneration,  usually  remain  in  place  upou  the  basal  membrane.  In  the 
small  bronchi  whose  walls  are  thin,  little  else  may  be  seen  than  an  irreg- 
ular exfoliation  of  the  epithelium.  On  the  other  band,  the  smaller 
brouchi  may  be  much  involved  and  their  lumina  filled  with  exudate ; 
when  this,  which  has  been  called  "capillary  bronchitis,"  occurs,  the 
inflammatory  process  usually  involves  the  adjacent  aud  associated  terri- 
tories of  lung  tissue,  constituting  one  of  the  important  forms  of  broncho- 
pneumonia. In  some  forms  of  bronchitis  the  exudate  may  consist 
largely  of  pus. 

Atelectasis  of  corresponding  tracts  of  the  lung  may  follow  the  occlu- 
sion of  the  bronchi  with  exudate.     As  recovery  advances,  the  submu- 
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Gosa  assumes  its  uormal  thickness  and  character  and  the  epithelium  is 
regenerated  from  the  cells  of  the  deeper  layers. 

Various  forms  of  bacteria  may  be  associated  with  acute  bronchitis,  and 
are  presumably  the  excitants  under  favorable  conditions  of  the  lesions; 
the  etiological  relationship  has,  however,  not  yet  been  experimentally 
established.  The  most  common  forms  of  bacteria  ai-e  Streptocoecns  pyo- 
genes, the  pneumococcus.  Staphylococcus  aureus,  and  the  influenza 
bacillus. ' 

Chronic  Catarrhal  fironcliitii. — This  form  of  bronchitis  may  be  the  sequel 
of  one  or  more  attacks  of  acute  bronchitis.  More  frequently  it  is  associ- 
ated with  emphysema,  heart  disease,  interstitial  pneumonia,   phthisis, 


Fio.  281.— ACCTB  Catarrhal  Bronchitis. 

Tble  wctlon  o(  B  Bmall  portion  oF  the  biUDchta]  will  iliowg  considerable  ^xlollalloD  of  the  eplihellunit 
bat  many  o[  Ibe  <le«per  WHSIIed  "motber  veils"  n^malTi  In  plB<%.   There  are  Bwel  Hoe  of  Ibe  connective- 

Some  of  the  leucocytM  are  passlnctb rough  tbe  epitbellum  1«  minfile  witb  tbe  mucoui  exud«t«  tnd  exFoll- 
MedFclln  In  Ibe  lumen  ot  the  bronchus.  Borne  ol  the  rlltatrd  evils  Bfaox  tlie  "  tHsker  "  shape  wllb  a  bomo- 
g^neoug  Inlerlor  Indlcatlag  the  production  □!  mucue  within  Uiem. 

pleuritic  adhesions,  or  the  inhalation  of  irritating  substances.  There  is 
in  most  cases  a  constant  production  of  mucus,  pus,  and  senmi  in  consid- 
erable quantities,  and  these  inflammatory  products  may  have  a  very  foul 
odor.  Less  frequently  these  products  are  very  scanty — dry  catarrh. 
The  epithelium  is  deformed  and  desquamating,  with  a  production  of  new 
cells  in  the  deeper  layers.  There  may  be  epithelial  hyperplasia  or  atro- 
phy 1  the  mucous  glands  are  lat^e  or  atrophied ;  there  may  be  hyperpla- 
sia or  atn)phy  of  the  submucosa;  the  muscularis  may  be  thickened  or 
atrophied.  These  changes  in  the  fibrous  and  muscular  elements  of  the 
walls  lead  to  the  so-called  "trabeculation"  of  their  inner  surfaces  (Fig. 
262).  Obliterating  arteritis  of  the  associated  vessels  may  occur.  These 
changes  in  the  walls  of  tbe  bronchi  may  lead  to  brouchiectasia. 
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Aoate  Fiendo-membTanoiu  firoueMtii — Cronpooa  Bronohitu — may  occur 
with  croupous  larj'ngitis,  as  a  lesiou  of  diphtheria,  vith  lobar  pneumo- 


ti.-L'llROStC  BRONL'HtTrS  WrTH  MODERATE  U601 

n  Bei-llon  n[  a  poitlan  nl  Uie  wall  a[  a  dilated  brooclius  alwvB  auvpby  of 
flbmuR  hTperplanla  ol  tbe  guboiucneB  with  Uie  rormallon  at  longHudlnal  ridjfa  on  the  Interior  oi 
icui  acTDBB  In  Ibli  seciloa);  thiclcenlaK  of  (he  wall  ol  tin  brom^hin  and  atropli}  of  Ibe  mucouB  gbDiIs. 

nia,  and  sometimes  without  these  associations.  The  bronchi  are  liued  or 
filled  with  a  mass  of  fibrin,  pus,  and  desquamated  epithelium.  Fibriu 
and  pus  may  also  be  found  benenth  the  epithelium  and  infiltrated  in  the 
stroma. 

Chronic  Pibrinont  Bronchitii  is  attended  with  the  formation  in  one  or 
more  bronchi  of  masses  of  fibrin  which  are  expectorated  by  the  patient 


Fio.  283.— Chronic  PiBRiNoim  BRoncmna, 

OQchl,  Bimllv  lo  those  shown  Id  the  phoiograpb,  were  muRtied  up  at  Irremilar 
Inleri'Bls  fur  several  rears. 


in  the  form  of  branching  casts  of  the  bronchi  (Fig.  203).     After  death 
the  bronchi  are  said  to  be  but  little  altered  from  the  normal.' 


me  and  bibliography  » 
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Curschmann  has  described  under  the  Dame  "bronckiolUU  exu^atiea  "  a 
form  of  bronchitiR  in  which  small  threads  and  bauds  of  gray  or  yellow, 
partly  transparent,  coagulated  material  are  formed  iu  the  small  bronchi 
— " CurschmaDQ's  spirals."  These  sometimes  occur  in  pneumonia.  In 
different  forms  of  bronchitis,  especially  in  those  associated  with  asthma, 
the  exudation  may  contain  small,  octahedral  bodies,  probably  composed 
of  mucin.  They  are  accidental  formations,  probably  formed  from  cells, 
and  may  be  found  in  the  sputa. 

BH0N0HIE0TA8IA. 

Dilatations  of  the  broncM  may  be  cylindrical,  fusiform,  or  sacculated. 
The  sacculated  dilatations  are  usually  the  larger.  These  communicate 
witb  one  side  of  the  bronchus.  The  peripheral  portion  of  the  bronchua 
may  be  obliterated ;  the  bronchus  leading  to  the  cavity  may  be  of  normal 
size,  or  dilated,  or  stenoeed,  or  even  completely  obliterated.     Such  sac- 


— MULTIFLB  BBOSCHiecTASl*  B 


culated  dilatations  may  reach  a  very  large  size  and  may  communicate 
with  each  other.  Dilatations  are  apt  to  occur  under  conditions  which 
interfere  with  the  integrity  of  the  bronchial  wall. 

In  acute  general  bronchitis  and  broncho -pneumonia  in  children,  cyl- 
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itidrical  dilatation  of  a  number  of  tlie  medium-sized  broucbl  often 
occurs. 

Ill  the  persistent  broncho-pneumonia  of  children  such  dilatations  may 
reach  a  still  greater  development.'  Chronic  bronchitis  may  lead  to  cylin- 
drical or  sacculated  dilatations,  sometimes  of  great  size. 

Occlusion  of  some  of  the  bronchi,  consolidation  of  portions  of  the 
lung,  and  extensive  pleuritic  adhesions  may  also  lead  to  bronchiectasia 
(Fig.  264). 

The  walls  of  branch ieetatic  cavities  may  be  lined  with  mucous  mem- 
brane, which,  however,  is  apt  to  undergo  various  changes  as  the  process 
advances.  Thusthe  subepithelial  layer  may  be  vascular  and  cellular  and 
thrown  iuto  folds,  or  it  may  be  thin  and  dense.     The  epithelium  is  often 


Fin.  915.— PRIMARY  Adenoma  ok  the  Bronchi. 

irregular,  sometimes  iiTegularly  thickened,  sometimes  thin,  or  it  may  be 
largely  absent.  The  glands,  muscle,  and  cartilages  of  the  walls  of  the 
bronchi  may  disappear  through  atrophy.  The  presence  of  certain  forms 
.of  baeteria  in  the  exudate  in  bronchiectasia  may  lead  to  offensive  putre- 
factive process  aud  e\en  to  gangrene. 

In  acute  and  chronic  phthisis  the  tuberculous  inflammation  of  the 
walls  of  the  bronchi  often  gives  rise  to  sacculated  dilatations,  which 
expand  with  time  and  become  still  lai^r  by  the  destruction  of  the  adja- 
cent lung  tissue — tuberculous  bronchiectasiffi. 

«  Lajdn,  Arck  f.  Einderheiltcunde,  Bd. 
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TtTHOBS. 


PHiiiary  tumors  of  the  bronchi  are  r.ire.  Lipoma,  chondroma,  and 
fibroma  have  seen  observed.  Sarcoma  is  rare,  bnt  may  occur,  especially 
in  spheroidal  ecll  forms,  or  as  an  extension  of  similar  growths  iu  the 
niediastiniiin.  Adenoma  (Fig.  205)  and  primary  carcinoma  are  rare. 
Secondary  carcinoma  is  not  iiiicommou  and  may  also  involve  the  trachea 
of  the  lungs. 

Iu  chronic  bronchitis,  polypoid  hyperplasin,  simulating  tumors,  may 
project  into  the  lumeu.  Ossification  of  the  bronchial  walls  is  of  occa- 
sional occurrence. 

LESIONS  OF  THE   TBACHEAI.    Am)    BBONOHIAI.    LTHPB-NODES. 

Tlie  tracheal  and  bronchial  lymph-nodes  may  be  the  seat  of  a  variety 
of  lesions  which,  owing  to  their  situation,  as  well  as  for  other  reasons, 
are  of  considerable  practical  impor- 
tance. They  may  be  enlarged  from 
hypei-plasia  in  acute  infectious  dis- 
eases ;  by  the  development  in  them  of 
tumors;  iu  leukeemia  and  with  es- 
pecial frequency  in  tuberculosis  (Plate 
III. ),  They  may  become  pigmented 
from  inhaled  coal  or  other  dust  and 
may  atrophy  or  become  fibrous  or 
calcified.  In  cheesy  degeneration  fol- 
lowing tuberculosis  (Fig.  266),  or  iu 
suppurative  inflammation,  perfora- 
tion may  take  place  into  the  air 
passages,  or  the  pulmonary  blood- 
vessels, or  aorta,  or  into  the  pericar- 
dial or  pleural  cavities;  in  this  way 
hemorrhage  or  secondary  inflamma- 
tory processes  or  gangrene  may  occnr. 
Death  may  occur  from  pressure  upon 
the  trachea  by  tumors  of  the  adja- 
cent lymph-nodes.  Sudden  death 
from  asphyxia  may  result  from  per- 
piQ.  B86.-TuBKHcrr.o[!i  ANnrASEoiB  BnoN-  foration  Into  the  trachea.  Pi-essure 
i-HiAi,LijiPH-.\oiits.                   upon  the  pulmonary  veins  may  lead 

The  bodes  ore  murh  pnlarved  and  pivtm  upon       .  *  i  rm.     .  ,  .    i 

tDe  i»rger  bronchi.  to  puluiouary  cedema.     The  bronchial 

lymph-nodes  are  very   important  as 
distributing  centres  of  infectious  miero-orgauisms,  and  particularly  as 
31 
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poiuts  of  lodgment  of  tubercle  bacilli,  whicU  have  beeu  gathered  from 
the  pulmonary  air  spaces  from  the  pharynx  or  elsewhere.' 

The  Lungs. 

Katformatlona. 

One  or  both  lungs  may  be  wanting  or  only  partially  developed.  One  lung  is  Bome- 
times  converted  into  a  number  of  sacs  formed  of  dilated  bronchi,  while  the  lung  paren- 
cbyma  is  undeveloped. 

The  lol)ea  may  be  subdivided  by  deep  iissures,  accessory  lolws  may  be  present,  or 
an  accessory  lung  may  be  present.  An  accessory  lung  in  the  abdominal  cavity  lias  been 
described.'  There  may  be  with  absence  of  part  of  the  wall  of  the  thorax  hernia  of  the 
lung.  There  may  be  transposition  of  the  lungs,  with  sbnilar  changes  in  tlic  position  of 
the  heart  and  the  abdominal  viscera. 


nrXUBIEB— PBBF0BATI0N8. 

Severe  contusions  of  the  thorax  may  piwluee  rupture  of  the  lui^rs, 
with  extravasations  of  blood  into  the  pleural  cavities. 

The  lungs  may  be  wounded  by  a  fractured  rib  and  by  penetrating 
weapons  aud  projectiles.  Such  injuries  often  lead  to  bleeding  into  the 
lung  tissue  followed  by  iutianmiatory  changes.  The  lungs,  however, 
exhibit  a  considerable  degree  of  tolerance  for  such  injuries. 

Collections  of  pus  in  the  pleural  cavities,  the  mediastinum,  the  liver, 
the  spleen,  the  kidneys,  and  the  peritoual  cavity  may  perforate  the  lungs. 
See  also  Hydropnenmothorax. 

BISTDBXAKCES  OF   dEtOITLATION. 

Annmia. — The  lungs  may  be  aniemic  in  connection  with  a  general 
aniemia  of  the  body ;  or  from  compression  of  a  part  or  a  whole  organ,  as 
by  pleural  exudates,  tumors,  or  new-formed  fibrous  tissue;  from  occlu- 
sions of  blood-vessels  or  in  atrophy  of  these  in  emphysema. 

Hyperemia  and  (Edema. 

Hyperemia  may  occur  as  the  result  of  tlie  inspiration  of  irritating 
gases ;  from  the  presence  of  (oxic  substances  in  the  blood ;  in  early  phases 
of  inflammation,  or  as  the  result  of  such  an  occlusion  of  vessels  in  one 
part  as  causes  its  accumulation  in  another. 

On  the  other  hand,  hypenemia  of  the  lung  is  often  due  either  to  some 

'  Consult  for  summary  of  lesioiisof  bronclilnl  lymph-nodes  Hull,  Philadelphia  Medical 
Journal,  December  1st,  1900,  bibliography.  See  also  concerning  tuberculosis  refereticc 
A'uiiArim  and  Boaiifd,  p.  898.  See  ulsii  statislics  of  ILiiiil.  I'liila.  Path.  Sue.,  SlarcL, 
1903.  For  an  excellent  resume  conceviiiii);  normal  anil  palholo^cal  traclieid  and  bmn- 
chial  lyinnli-nnjcs,  see  Atai^iiii  in  Boucjiurd  and  Bris-situd's  "Truitu  <le  M£dec!nc,"  t. 
vii.,  p!  KS;  also  Zubcr  in  Orancher,  (Jomby,  and  Alavfau's  "Traite  des  Maladies  de 
rEnfanee,"  t.  iv.,  p.  235, 

'Consult  Vog^,  Virch.  Arch.,  lid.  civ.,  p,  ^35,  1800,  bibliography. 


lrec.v.,C.005^Ic 


p3A\\o\o^—Delafield  and  Prudden.  Plate  UI. 


Tuberculous  Bronchial  Ljfmph-Nodes, 

Tbe  nodes  are  enlarged  and  caseous,  irith  areas  of  coniinencing  softening.  An  isolated 
tubercle  in  the  lung  tissue  above  the  enlarged  nodes  indicates  a  local  dispersion  of  the 
tubercle  bacilli.    l%e  hing  was  hardened  in  alcohol. 
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hiiidrance  to  the  exit  of  blood  throagh  the  pulmonary  vein,  such  as  mi- 
tral stenosis  or  insufficiency,  or  to  eiifeeblement  of  tlie  ventricular  con- 
tractions, as  ill  fatty  degeneration  of  the  heart  muscle  or  interstitial  myo- 
carditis. In  the  last  hours  of  life  the  feeble  action  of  the  heart  disposes 
to  pulmonary  congestion.  The  position  of  the  body  upon  the  t>ack  in 
bed  favors  an  accumulation  of  blood  in  the  posterior  portions  of  the 
lungs — hypoMatie  congegti<m.  Hypeneniic  lungs  are  in  varying  degrees 
darker  and  heavier  than  normal ;  an  unusual  amount  of  blood  flows  from 
the  cut  surface.  (Edematous  fluid  is  often  also  present.  Bed  blood 
cells  often  pass  through  the  capillary  walls  in  hyperEemia  and  these  wilii 
more  or  less  exfoliated  epithelium  may  be  found  in  the  air  vesicles. 


Fio.  367.— Chronic  Conqestton  or  thu  LUKa.    (brown  Induutioh.) 

BbawlDK  dilated  nplllariea  of  Uie  wbIIb  of  [he  air  reslrlea  and  heemalog^iiaiu  plKmedt  In  [be  exfoUaUd 

«plUiella1  cells  o[  [b«  air  v«Blclee. 

Chronic  Coi^stion. — In  prolonged  hyperemia  of  the  lungs,  notably  in 
connection  with  lesions  of  the  mitral  and  aortic  valve,  or  degeneration 
or  dilatation  of  the  left  ventricle,  the  veins  and  capillaries,  especially 
the  capillaries,  become  permanently  distended,  pouched,  and  elongated, 
so  that  they  often  stretch  in  loops  into  the  air  spaces  (Fig.  267).  Bed 
blood  cells  find  their  way  from  the  contorted  vessels  by  diapedesis  or  small 
hemorrhages  into  the  air  vesicles  or  interstitial  tissue  of  the  lung.  Here 
decomposition  of  the  htemoglobin  leaves  brownish  pigment  particles  which 
may  remain  free  or  be  taken  into  cells.  In  the  air  vesicles  the  epithelial 
cells  usually  desquamate  in  considemble  numbers,  and  take  up  the 
pigment  in  varjiug  amount.  This  pigment  gives  to  the  lungs  a  peculiar 
bi-owni.sh  pink  or  salmon  color.  Tlie  appearance  of  tliase  lungs  may  t>e 
modified  by  htemorrhagic  infarctions,  by  pre-existing  emphysema  or 
oedema,  or  by  exudative  inflammation.     A.ssoeiated  with  these  changes 
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there  is  nsnally  a  new  formation  of  fibrous  tissue,  so  that  the  !uDg  be- 
comes indurated,  leathery,  and  dry,  and  collapses  less  readily  than  uor- 
mal.  This  conditiou  is  often  called  broirn  induration  of  the  lung.  This 
formation  of  fibrous  tissue  is  analogous  with  that  which  oc«ui-s  in  other 
organs,  such  as  the  kidney  and  liver  in  chronic  congestion.  Emigration 
of  leucocytes  is  not  infrequently  associated  with  diapedesis  from  the 
dilated  capillaries,  and  these,  with  the  desqnamated  epithelium,  may 
accumnlate  in  the  air  vesicles. 

In  (sdema  of  the  Inugs  the  vesicles  contain  a  clear,  sometimes  foamy, 
fluid,  occasionally  tinged  witli  blood,  nsnally  mixed  with  exfoliated  ves- 
ical epithelium.  The  oedematons  fluid  may  be  present  in  the  bronchi 
ajid  in  the  interstitial  tissue  of  the  lungs.  (Edema  is  often  associated 
with  hyperiemia,  and  like  this  may  vnvy  in  different  parts  of  the  lung. 
On  the  other  hand,  there  may  be  extensive  a'dema  without  overfilled 
blood-vessels ;  these  in  excessive  cedema  may  indeed  be  nearly  empty  and 
compressed.  CEdema  of  the  lungs  may  occur  in  general  infections  and 
intoxications,  or  In  association  with  local  inflammatory  processes.  Fatal 
oedema  of  the  lungs  may  be  associated  with  fat  embolism. 

Tlie  studies  of  Welch '  show  that  with  dimiuislied  force  exerted  by 
the  left  side  of  the  heart,  the  vigor  of  the  right  remaining  unimpaired, 
cedema  of  tlie  lungs  may  follow.' 


h2u0bbhaoe  and  ihfabctioh. 
H^:morkhaue. 

Hiemorrhages  into  the  lung  tissue  and  air  spaces  of  the  lungs  may 
occur  from  trauma,  from  rnpture  of  aneurism,  in  acute  infectious  dis- 
eases and  intoxications,  in  scurvy  and  biematophilia,  in  asphyxia  from 
brain  lesions  or  other  conditions,  from  tuberculous  ulcerations  involving 
the  blood-vessels.     Multiple  ecchymoses  may  occur  in  fat  embolism. 

Hemorrhage  is  of  frequent  occurrence  in  excessive  bypenemia  of  the 
lungs,  notably  in  connection  with  mitral  stenosis  and  insnfiiciency.  Un- 
der these  conditions  the  extravasation  of  blood  may  take  place  by  diape- 
desis or  by  rhexis.  The  accumulations  of  blood  may  be  single  or  mul- 
tiple, localized  or  diifuse,  dense  and  firm,  or  when  oedema  is  present, 
soft  and  fluid  in  character.  During  the  last  hours  of  life,  owing  to  en- 
feeblement  of  the  heart,  extravasation  of  blood  may  occur  which  sinks 
to  the  posterior  dependent  portions  of  the  lungs. 


As  a  result  of  thrombosis  or  embolism  of  the  pnlmonary  artery,  dense 
collections  of  estravasaled  blood  may  form,  called  harmorrhagic  in/arc- 

'  ItVM,  Virehow'a  Arcbiv,  Bd.  kxii.,  p.  TtT>. 

'  For  &  stu<h'  of  the  (li^tiirbances  uf  circulation  in  tlie  lun^s  under  various  abaormal 
conditions  see  Enner,  Centrolbl.  f.  ges.  Med.,  January  36t1i.  1901,  bibliograpli}'. 
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Hong.  These  infarctions  arc  often  multiple,  usually  circumscribed,  and 
rounded  or  wedge-shaped,  from  the  size  of  a  walnut  to  that  of  an  orange. 
They  are  of  dark-red  color,  hard  and  unaerated,  with  the  air  spaces 
distended  with  blood,  and  ai-e  often  surrounded  by  a  zone  of  inflamma- 
tory exudate.  They  may  Ik  situated  in  any  part  of  the  lungs,  but  are 
most  common  in  the  lower  lobes.  At  the  apices  of  the  infarction,  the  oc- 
cluding thrombus  or  embolus  may  be  discovered.  When,  as  is  usually 
the  case,  they  are  near  the  surface  of  the  lungs,  a  circumscribed  inflam- 
mation of  the  pleura  often  occurs. 

Such  infarctions  may  be  followed  by  death;  they  may  become  gan- 
grenous, or  if  the  emboli  or  thrombi  be  not  infectious,  the  blood  may 
become  absorbed,  and,  especially  in  the  smaller  forms  which  are  more 
often  due  to  embolism,  they  Diay  be  gradually  changed  into  a  smaller 
mass  of  pigmented  fibrous  tissue. 

A  lai^e  part  of  the  lungs  may  be  involved  in  hEemorrhage  due  to 
thrombosis  of  large  trunks  of  the  pulmonary  artery.  Hiemorrhagic  in- 
farctions from  thrombosis  or  embolism  are  most  frequent  in  lungs  which 
are  the  seat  of  chronic  congestion.  The  most  common  source  of  the  em- 
boli of  the  pulmonary  artery  is  the  right  heart  or  peripheral  thrombi.' 


ATELE0TASI8. 

In  atelectasis  the  walls  of  the  air  spatres  lie  together,  either  because 
they  are  collapsed  or  compressed,  or  becau.sc,  as  in  congenital  atelectasis, 
the  lungs,  or  portions  of  them,  have  not  been  expanded  in  respiration. 

In  fcetal  or  congenital  atelectasis  defects  in  the  respiratory  mechanism, 
or  blocking  of  the  air  passages,  may  be  responsible  for  the  unaerated 
condition  which  may  affect  only  parts  of  a  lung  or  a  whole  organ.  The 
atelectatic  portions  of  the  lungs  are  dark  red  in  color  and  of  fleshy  con- 
sistency.' 

Atelectasis  may,  on  the  other  hand,  be  acquired,  either  in  childhood 
or  in  adult  life.  In  young  children  collapse  of  portions  of  the  lung  is 
of  frequent  occurrence,  through  ociilusion  of  bionchi  by  inflammatory 
exudate.  The  region  thus  cut  off'  is  gradually  deprived  of  air,  so  that 
as  the  blood  continues  to  circulate,  it  is  dark  red  and  firm  in  texture. 
Cotnprestion  atelecbisis  may  be  due  to  exudates,  tumors,  etc.,  in  the  pleu- 
ral cavities.  Under  tliese  conditions  the  portion  of  lung  involved  may 
be  paler  than  normal  from  the  pressing  out  of  the  blood.  In  adults, 
large  or  small  portions  of  lung  tissue  may  collapse  from  occlusion  of 
a  bronchus  by  exudate  or  stenosis,  by  paralysis  of  the  vagus,  or  in  long- 
continued  feebleness  of  respiration.  <Edema  may  be  associated  with 
collapse. 

Atelectasis  may  resolve  by  an  early  admission  of  air  to  the  collapsed 

'  For  a  fuller  consideration  of  embolism  and  tliromlxwis  of  the  pulmonary  artery 
consult  Wfl'h.  in  AUbutt's  "System  of  Medicine,"  vol.  vi..  p.  261. 

'  Collapsetl  lungs  from  their  red  color  and  flcsiiy  consistency  arc  often  spoken  of  as 
"pAmiflHl  " 
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r^OD.  On  the  other  hand,  if  prolonged,  fibrous  tissue  may  form  and 
the  involved  portion  may  be  finally  converted  into  a  cicatricial  mass, 
sometimes  containing  bronchiectatic  cavities. 


EHPHTSEUA. 

Veficolar  Emphysema.— In  forcible  inspiration  or  expiration  through 
obstructiou  of  the  air  passages,  in  coughing,  or  in  the  use  of  wind  instru- 
meuts,  or  with  consolidation  or  compression  of  portions  of  the  lungs,  the 
walls  of  the  air  spaces  of  the  lungs  may  be  more  or  less  distended,  either 
in  circumscribed  regions  or  over  large  areas  of  the  lungs.    This  may  de- 


O-^ 


FlQ.  JUL— VKElt'ULJR  Ehpuyskma. 

Bhowlbg  entargemenl  of  Uie  air  spacm  and  Uilaalag  ol  Ibpir  kbIIs. 

velop  ill  a  short  time,  and  then  the  condition  is  designated  acute  emphy- 
sema. 

If  the  conditions  whicli  induce  emphysema  be  persistent,  as  in  chronic 
bronchitis  with  difUcult  respiration  and  coughing,  atrophy  of  the  walls 
of  the  air  vesicles  and  alveolar  passages  may  take  place — chronic  emphy- 
sema. The  walls  become  thinner  and  are  often  perforated;  adjacent  air 
spaces  coalesce,  so  that  larger  and  smaller  irregular,  tliin-walled  cavities 
are  formed  (Fig.  268).  Destruction  of  the  capillary  network  of  the 
atrophied  walls  occurs,  aiid  the  lung  may  thn.s  become  pale  and  anieniic. 
As  a  rule,  the  distention  of  the  air  spaces  is  most  marked  along  the  an- 
terior margins  of  the  lungs,  but  it  may  be  more  general.  Through  the 
atrophy  of  the  elastic  tissue  of  the  lungs,  wlien  the  lesion  is  general  and 
advanced,  these  organs  do  not  collapse  when  the  chest  is  opened.  They 
appear  pale,  are  dry  and  soft,  and  pit  on  pressure  by  the  finger. 

The  microscopic  picture  is  that  of  varving  degrees  of  atrophy;  des- 
quamation and  fatty  degeneration  of  the  vesical  epithelium  are  common. 
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As  already  indicated,  emphysema  of  the  lungs  is  ofteu  associated  vitli 
chronic  brouchitis.  With  this  may  be  more  or  less  hyperplasia  of  the 
interstitial  tissue.  Dilatation  or 
hypertrophy  of  the  wall  of  the 
right  ventricle  is  common. 
Chronic  endarteritis  of  the  pnl- 
nionary  ve.ssels  may  be  associated 
witli  emphysema.  Thei«  may 
be  chronic  venous  congestion  of 
the  atxlominal  viscera  and 
dropsy,  Delafield  holds  that, 
the  more  essential  lesion  in  some 
forms  of  emphysema  is  the  de- 
velopment of  new  connective  tis- 
sue with  which  dilatation  of  the 
air  vesicles  and  atrophy  of  their 
walls  arc  in  varying  degrees  as- 
sociated. 

In  old  age,  atrophic  processes 
in  the  lungs  may  be  associated 
with  dilatation  and  meii!:cnce  of 
the  air  8x>aces.  This  is  called 
senile  emphysema.  Excessive 
emphysema,  apparently  congeni- 
tal, may  be  present  in  young 
children  (see  Fig.  269). 

Interstitial  Emphysema. — 
Eupture  of  the  walls  of  the  air 
spaces  may  permit  the  escape  of 
air  into  the  interstitial  tissue  of 
the  lungs,  Evipture  of  the  pul- 
monary pleura  may  admit  air 

into  the  mediastinum  and  thence        fig.  2a9.-iNTKHLOBiiLAii  EitPHTsmc*  ow  Lmo. 
into  the  tissues  of  the  neck.     Gas  cma  two  moniia  oia.  &net  wuooping-cqutii.' 

may  form  after  death  in  the  in- 
terstitial tissue  of  the  lungs  from  the  presence  of  the  Bacillus  aerogenes 
capsulatus  or  other  putrefactive  bacteria. 

OAHORENE. 

Circumscribed  gangrene  occurs  in  the  form  of  one  or  more  rounded 
or  iri'egular  masses  of  ^■ariable  size.  The  gangrenous  portion  of  lung  is 
at  first  brown  and  dry.  The  surrounding  lung  tissue  is  congested  or 
oedematoiis,  or  iufiltrated  with  blood,  or  inflamed.  If  the  gangrenous 
focus  is  near  the  pleui'a,  the  latter  will  be  coated  with  fibrin.     Gradually 

Q  of  this  unusual  case  set  iWrWirup,  Ajn.  Jour.  Med.  Sci., 
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the  gangreuous  portiou  of  lung  assumes  a  dirty  green  color  and  a  putrid 
odor.  It  becomes  soft,  disintegrated,  aud  separated  from  tlie  surround- 
ing luhg.  The  blood-vessels  may  be  obliterated  by  thrombi,  or  eroded, 
so  tLat  there  are  profuse  haemorrhages. 

Such  a  gangrenous  process  may  extend  to  the  adjacent  lung  tissue,  or 
a  zone  of  gray  or  red  hepatization  or  of  connective  tissue  may  be  formed. 
The  fluid  from  the  gangrenous  lung  may  pass  into  the  bronchi  and  bo 
expectorated ;  or  it  may  run  from  one  bronchus  into  another  aud  incite 
new  gangrenous  foci  or  diffuse  gangrene.  The  pulmonary  pieura  may  be 
perforated  and  a  gangrenous  pleurisy  produced.  Gangrene  may  follow 
lobar  or  broucbo- pneumonia,  especially  such  phases  of  the  latter  as  result 
from  the  inspiration  of  foreign  material  containing  micro-organisms  from 
the  mouth;  it  may  arise  from  infectious  emboli  in  the  lungs,  or  by  an 
extension  of  a  gangrenous  process  from  an  adjacent  part.  It  may  be  as- 
sociated with  eesophi^eal  diverticula. ' 

Diffuse  gangrene  may  follow  the  circumscribed  form;  it  may  compli- 
cate lobar  pneumonia  or  occur  as  an  independent  condition.  A  large 
part  of  a  lobe  or  of  an  entire  lung  becomes  greenish,  putrid,  and  soft, 
and  the  pulmonaiy  pleura  is  inflamed.  There  may  be  hemorrhages  from 
eroded  vessels.     There  may  be  general  septicemia. 

Various  forms  of  baeteria  may  be  present  in  gangrenous  areas  of  the 
lungs.  Among  the  more  common  are  Streptococcus  pyc^nes,  Staphy- 
lococcus pyogenes,  pneumococcus,  and  various  saprophytic  micro-organ- 


nrer-A  Timr  A  TION.   (Pneumonia,  Puatunonitit.) 
Cteneral  ConsidarationB. 

Before  commencing  llic  study  <if  infliiinmaLion  of  the  lungs  it  is  well  to  recall  some 
of  those  features  of  structure  and  funttion  which  influence  the  local  manifestations  of 
disease  in  these  organs  and  largely  deicruiine  the  special  characl^i'  of  its  lesions.  In 
the  first  place,  tlie  lungs,  like  the  gastro -intestinal  canal,  wliile  in  a  topographic  sense 
within  the  body,  are  still  in  open  communication  with  the  exterior,  and  are  thus  ill'-'-" 
directly  exposed  to  various  deleterious  agencies  than  are  those  structures  and  organs 
wholly  enclosed  hy  living  tissues.  Notwithstanding  this  vulnerability  of  location,  the 
recesses  of  the  lungs  arc  guarded  by  protective  mechanisms  of  great  efficiency.  Thus 
in  normal  respiration  the  air,  which  often  bears  as  dust  many  organic  and  inorganic 
substances  as  well  as  minute  living  organisms,  is  largely  cleansed  by  its  repeated  im- 
pingement upon  the  moist  mucous  surfaces  of  the  nose,  pliarynx,  larynx,  and  bronchi. 
The  ciliated  cells  of  these  tiiembraues  are  constantly  sweeping  upward  such  at  these 
particles  as  have  lodged  upon  them,  while  by  the  lymph  channels  and  the  lymph  nodes 
foreign  substances  which  have  escaped  the  barriers  are  either  removed  or  stored  in  the 
least  harmful  situations.  Damage  to  the  integrity  or  efficiency  of  these  protective 
agencies  is  a  factor  in  the  origin  of  pulmonarj'  diseases  too  often  ignoix-d. 

The  responses  of  the  lung  tissues  to  the  excitants  of  inflammation  are  not  funda- 
mentally as  distinct  nor  as  variable  as  the  common  clas-siH cations  of  pneumonia  would 
seem  to  indicate.  Exudation  from  the  smaller  blood-vessels  Is  one  of  the  most  common 
features  of  the  acute  phases  of  pulmonary  inflammation. 

ii..  p. 
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The  foniiation  of  exudatca  is  favored  by  the  extensive  capitlury  network  which  Is 
almost  directly  exposed  to  such  lielpterious  agents  as  may  gain  access  to  the  air  apacca ; 
while  a  great  accumulation  of  exudates  is  possible  on-iug  to  the  spoogy  structure  of 
the  organs. 

Tlic  transitional  cliaractor  of  the  epithelium  lining  tlie  air  vesirles  predisposes  to 
cell  proliferation  and  exfoliation,  and  thus  to  the  formation  of  exudate. 

On  the  other  band,  the  abundant  blood  and  lymph  channels'  favor  the  ppeedy  re- 
moval from  the  air  spaces  in  the  lungs  of  large  quantities  of  exudate. 

While  the  abundant  lymphatics  of  the  lungs  aid  in  the  rapid  disposal  of  exudates, 
they,  on  the  other  hand,  favor  the  absorption  of  toxic  substances  into  the  body  at  large 
when  bacteria,  for  example,  are  the  eKctlants  of  the  local  inflamination,'  So  that  al- 
though exudative  pneumonia  is  commonly  considered  a  local  disease,  it  is  often  rather  a 
local  expression  of  a  general  Infection  or  is  doubly  significant  on  account  of  the  asso 
ciated  toxtemia. 

In  addition  to  the  development  and  accumulation  of  exudates,  necroses  and  the 
formation  of  fibrous  tissue  are  the  most  noteworthy  general  pathological  processes  lit 
the  lungs. 

While  the  conspicuous  differences  in  the  various  forms  of  pneumonia  are  largely 
due  to  differences  in  the  nature,  virulence,  and  distribution  of  their  excitants,  predib' 
posing  factors  dependent  upon  age.  conatitulioual  condition,  and  the  protective  mcctian- 
ism  of  the  lungs  are  of  great  signiflcance. 

Tlie  common  claasiflcaiions  are  based  partly  upon  etiology,  partly  upon  morphol- 
ogy, and  the  names  used  suggest  now  the  topography  of  the  lesions  or  the  character  oi 
the  tissue  wbick  is  especially  affected,  and  again  the  species  of  the  bacterial  excitant. 
Thus  the  term  lobar  pneumonia  is  topographical;  tuberculous  pneumonia  emphasizes 
the  excitant :  while  int«rstitial  pneumonia  suggests  the  form  of  tissue  involved. 

Acute  Lobar  Pneumonia.     {Fibrinom  Pneumonia— Croupmis 
Pneumonia.) 

This  is  aa  infectious  disease  ineited  by  the  Micrococcus  lanceolatus 
(pueiimococcus  of  Fraenkel).'  It  is  especially  characterized  by  au  exu- 
dative inflammation  in  which  red  and  white  blood  cells,  serum,  and  fibrin 
accumulate  iu  the  air  spaces  of  the  liniRs,  usually  involving,  especially  in 
adults,  the  whole  of  ooe  lobe  or  long  or  jwrtions  of  both  Iiiuks.'  Toxee- 
mia  from  the  absorption  of  poisons  formed  locsilly  in  the  lungs  is  an 
important  aud  often  most  significant  factor  in  the  disease.  The  pueiimo- 
coccus is  occasionally  widely  disseminated  in  the  blood. 

Duriug  the  first  hours  of  the  inflammatiou  the  capillaries  of  the  air 
spaces  are  congested,  the  lung  is  anlematous,  firmer  than  uormal,  but  not 
markedly  consolidated.  The  air  spaces  contain  vai^'ing  numbers  of  leu- 
cocj-tes,  red  blood  cells,  serum,  and  fibrin  (Pig.  270).     The  epithelial 

'  See  Miller,  Arch.  f.  Aiat.  und  Physiologic,  Anat.  Abth.,  1800,  p.  167,  bibli- 
ography. 

'Note  by  CouneUmnn.  "The  Iiobuie  of  the  Lung  and  its  Relation  to  the  Lym- 
phatics," Boston  Jour.  Sled.  Sciences,  vol.  iv.,  p.  165.  1900. 

'  We  shall  use  here  as  synonymous  the  names  Micrococcus  lanceolatus  and  pncumo- 
coccus;  when  pneuniococciis  is  used  the  pneumococcus  of  Fraenkel  is  referred  to.  For 
a  description  of  tliis  organism  see  p.  161. 

*  The  clinical  course  aud  the  morphological  characters  of  the  inflammation  of  tlie 
lungs  associated  with  the  Micrococcus  lanci'olatus  are  so  typical  that  we  seem  justified 
in  limiting  the  term  lobar  or  fibrinous  pneumonia  to  this  condition,  even  though  inflam- 
mations of  the  lungs  due  to  other  excitants  are  occasionally  lobar  in  extent  and  may 
have  a  fibrinous  exudate,  and  though  exceptionally  the  pneumococcus  inflammation 
itself  fails  to  reach  lobar  proportions. 
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cells  lining  the  air  vesicles  may  be  swollen,  they  sometimes  proliferate, 
aud  are  usually  detached  in  considerable  numbers.     Catarrhal  bronchitis 

and  pleuritis  may  at 
this  time  de^'elop. 
This  is  called  the 
stage  of  "  eouges- 
tiOD  "  or  "eugorgc- 
ment"  and  may  last 
for  a  few  hours  or 
for  several  days. 

As  the  process 
continues  red  blood 
cells,  but  especially 
polymorphonuclear 
leucocytes,  and 
fibrin  accumulate  in 
the  air  spaces  and 
smaller  brouchi,  so 
that  the  portion  of 
Tio.  870.-AcrTE  LoBiR  pnkumonia-earlt  staoe.  imig     involved    be- 

ThlaslQKLc  air  vtslcte  shows  congestion  of  the  capllHrlCT  In  the  wHls.    „nn,pn    cnliH  niid    fri 
and  BBmallamoiinloreiudaW8.nbrin,leu™jt«.  red  blood  cells,  uidejt.    <""n'^    SOllQ  aUQ  m- 

(oiiaied  epithelium.  able,   somewhat   re- 

sembling the  liver 
in  color  and  consistency;  hence  the  term  ''red  hepatization"  which  has 
been  used  to  indicate  this  condition.  The  cut  surface  of  the  consoli- 
dated portion  is  dry  and  coarsely  granular,  the  granules  being  plugs  or 
casts  of  exudate  in  the  air  spaces.     A  light  scraping  of  the  cut  sur- 
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face  of  the  lung  with  the  knife  readily  removes  these  granules  or  plugs 
of  exudate,  which  consist  lai^ly  of  fibrin  and  leucocytes  with  red  blood 
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Cells  and  exfoliated  epithelium  (Fig.  271).  The  relative  amoimt  of 
leucocytes,  red  blood  cells,  and  fibrin  in  the  air  spaces  varies  greatly, 
sometimes  one,  sometimes  the  other,  preponderating  (Fig.  272).  The 
fibrin  fibrils  often  coalesce  or  swell,  forming  bomogeDeoaB,  irregular 
masses.  On  staining,  large  unmliers  of  pueumococci  may  be  found  min- 
gled with  the  other  elements.     While  the  general  appearance  of  the  luug 


in  this  stage  is  reil,  it  is  often  mottled  with  gray  and  frequently  is  not 
uniformly  solid.  Although  the  capillary  blood-vessels  are  compressed, 
they  for  the  most  part  remain  pervious;  but  thrombosis  is  not  infre- 
quent. Fibrinous  pie  ur  it  is  is  commonly  present  and  the  interstitial  tis- 
sue of  the  luug,  while  usually  free  from  exudate,  may  be  cedematous  and 
contain  a  few  leucocytes  and  some  fibrin. 

The  quantity  of  exudate  in  the  lung  is  often  \ery  lai^.  Hodeiipyl 
has  found  it  sometimes  to  l>e  from  thi-ee  to  four  or  even  six  pounds  in 
weight. 

In  the  usual  course  of  events  the  red  bloo<l  cells  now  lo.se  their  hajmo- 
globin,  the  exudate  begins  to  softeu,  and  the  lung  assumes  a  grayish 
eoloi' — gray  hepatization  or  commencing  rceolulion.  The  leucocytes  and 
exfoliated  epithelium  undergo  granular  and  fatty  degeneration '  or  necro- 
sis, and  these  with  the  fibrin  soften  and  disintegrate  (Fig,  27S).     The  cut 

'See  on  fatty  degeneration  o!  poeumouic  exudates,  Christian,  .lour,  Med,  Re- 
searcli,  vol.  x.,  p.  109,  bibliograpliy. 
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surface  of  the  lung  is  now  moister,  less  granular,  and  is  often  covered 

with  a  grumous  fluid.     lu  view  of  the  uew  studies  on  cytolysis  it  seems 

probable  that  here  as  in  the  removal  of  alien  and  dead  organic  material 

elsewhere  in  the  body  the  exudate  is  softened  and  rendered  capable  of 

solution  by  an  exaggeration  of  the 

normal  antolytic  processes  (see  page 

187).'       The  softened   exudate    is 

gradually  absorbed  or   may  be  in 

part  expectorated.     The  involved 

portion  of  lung  again  contains  air; 

the  epithelium  of  the  air  spaces  is 

regenerated. 

While  it  is  customary  and  con- 
venient to  describe  definite  stages 
of  lobar  iufiammation  of  the  lung — 
red  and  gray  hepatization  and  res- 
FiG.  m-EiuD*TK  moii  THs  LcNo  IN  RE30LT.     olutiou  —  tlicse   in   fact    not   only 
iNo  Lobar  pnbimosia.  merge  gradually  into  each  other, 

TUB  ceiu  sbav  vsrious  pbaws  of  (trftnuur  aai     but  ofteu  coexist  in  different  parts 

faMjf  dwteneratloQ  wim  (ragmeulaUuii  ul  the  mi-  -  ,,      ,  rm  r 

del  andrtUntegmtioD  at  ibe  cell  bodies.  of  the  lung.    The  process  of  repara- 

tion also  usually  occurs  irregularly, 
so  that  a  luug  in  resolution  may  show  side  by  side  in  neighboring  air 
spaces  well-formed  cellular  and  fibrinous  exudate,  degenerated  exudate, 
and  various  phases  of  epithelial  cell  repair.' 

Associated  Lesions  La  Other  Organs.' — Fibrinous  or  sero-fibriuoiis  pleu- 
ritis,  usually  with  slight  but  often  Tilth  volumiuous  exudate,  commonly 
accompanies  lol)ar  pneumonia.  Catarrhal  and  fibrinous  bronchitis  is  also 
usually  afisociated  with  the  pneumonic  process.  Pericarditis  and  endo- 
carditis are  not  infrequent  complications;  meningitisoccasionally  occurs. 
The  excitant  of  these  complications  is  usually  the  pneumococcus.' 

Chromatolysis  of  the  ganglion  cells,  albiuninous  degeneration  in  the 
kidney,  liver,  and  heart,  hyperplasia  of  the  bronchial  lymph-nodes,  to- 
gether with  leucocytosis,  fever,  and  frequent  serioas  enfeeblement  of  the 
heart  action  are  marks  of  toxtemia.  The  bronchial  lympb-uodes  may 
contain,  especially  in  the  perifollicular  sinuses,  and  often  within  phago- 
cytes, red  blood  cells,  cell  detritus,  and  pueumococci  brought  fi'oni  the 
lungs ;  fibrin  is  frequently  also  present. 

In  lobar  pneumonia  in  young  children,  in  those  enfeebled  by  acute 
and  chronic  disease,  and  in  the  aged,  the  lungs  are  often  less  uniformly 

'  For  a  sMidy  of  the  chemistry  of  rcsolutiou  of  tlie  exudate  see  Simon.  Deut.  Arch, 
f.  1>I.  >Ied..  Bit.  Ixx..  IflOl,  p.  604.  Svc  also  references  to  studies  ou  aulolysis,  Jaecbg, 
Cbl.  f.  Path..  IJd.  xiii.,  1903,  p.  2. 

'  For  a  study  of  the  histology  of  acute  lobar  pneumonia  with  bibliograpliy  see  I'mti, 
Contr.  to  Welch  Anniversary  Volume,  1900,  p.  265.  and  Johns  Hopkins  Hospital  Re- 
ports, vol.  ix. 

'Sector  resume  of  statistics  of  compllealionR,  J\rn\  Trans.  CIdcago  Path.  Soc., 
Hay  and  June.  1003,  p.  274.  Also  for  an  analysis  of  four  iiundred  and  eighty-six  cases 
MeCriie,  P^sfAe.  and  Ainley,  Am.  Med..  January  23d,  1904. 

'For  a  study  of  blond  cultures  in  pneumonia  see  Jioseium,  Jotir.  of  Infectious  "Dis- 
eases, vol.  i.,  19i)4,  p.  280,  bibliography. 
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cnusolidated  and  less  dense  and  Lard  than  in  vigorous  adults.  Wlieii 
lobar  pueumonta  occnrs  in  lungs  already  tbe  seat  of  ehrouic  lesions,  such 
as  chronic  congestion,  emphysema,  interstitial  pneumonia,  or  tut)erculo- 
sis,  the  gross  appearances  of  the  oigans  may  differ  in  various  waj'S  from 
those  of  uncomplicated  pneumonia. 


R  Lobar  Pnkcuonia. 


While  Micrococcus  laueeolatus  is  the  regular  excitant  of  lobar  pneu- 
monia, other  bacteria — see  below — are  not  infrequently  associated  with 
it,  sometimes  though  by  no  means  always  leading  to  clinical  complica- 
tions and  to  modifications  of  the  appearance  of  the  lesion.  Predisposi- 
tion of  the  individual  is  an  aucommonly  conspicuous  and  important  fac- 
tor in  the  etiology  of  this  as  other  forms  of  pneumonia,  so  that,  as  is  well 
known,  exposure,  fatigue,  etc.,  may  induce  the  favoring  bo<liIy  condi- 
tions under  which  the  pneumococcus  becomes  harmful.  The  experiments 
upon  auimals  are  most  conclusive  in  demonstrating  that  intrapulmonary 
injections  of  pneumococcus  cultures,  which  may  be  entirely  without  ob- 
vious effects  in  a  healthy  animal,  may  induce  exudati\'e  inflammatiou  or 
become  quickly  fatal  after  such  exposure  to  cold  or  fatigue  or  injury  or 
to  the  action  of  drugs,  as  interferes  with  tbe  int^rity  of  the  blood  or 
locally  damages  the  pulmonary  tissues.' 

Delayed  Eesolotion  after  Lobar  Pneamonla  ("  Oi^^auizing  Pneamonia"). 
— Instead  of  undergoing  resolution,  the  fibiiuons  and  cellular  exudate  in 
the  air  spaces  iu  lobar  pneumonia  juay  persist  aud  by  a  proce.ss  similar 
to  that  which  is  called  organization  of  a  thrombus  (page  74)  may  be 
gradually  replaced  by  new  vascular  fibrous  tissue.  New  eonnective-tis- 
sne  cells  grow  out  from  the  walls  of  the  air  spaces  into  the  exudate;  these 
cells  become  elongated.  Intercellular  fibrils  develop,  and  long  masses 
or  bands  of  this  new  tissue,  often  containiog  blood-vessels,  may  extend 
for  considerable  distances  through  the  air  channels  of  the  lung  (Fig. 
274).  These  may  gradually  coalesce  with  the  walls,  and  together  with 
an  interstitial  connective-tissue  growth  may  lead  to  a  fibrous  consolida- 
tion of  the  lung. 

'  For  reference  to  experimenta!  excitation  of  pneumonia  see  p.  409. 
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Delafield  describes  such  au  inf ra-aJveolar  formation  of  connective  tis- 
BQe  leading  lo  fibrous  iuduration  of  lobes  of  tbe  lung  and  occurring  as  an 
ludependeut  lesion  apart  from  the  exudative  form  of  lobar  pneumonia. 


CONCUKKENT    INFECTION    AND    SUPPUEATIVE    INFLAMMATION    OF    THE 

LusG  FoLLowiNa  LOBAE  Pneumonia. 

Although  as  stated  above  Micrococcus  lauceolatus  usually  occare  alone 
in  typical  lobar  pneumonia,  it  may  be  accompanied  by  the  Streptococcus 
and  Staphylococcus  pyogenes  and  occasionally  by  other  miero-oi^nisms. 
The  exact  significance  of  these  mixed  or  concurrent  infections  in  lobar 
pneumonia  is  not  always  clear.  But  instead  of  the  usual  resolution  there 
may  be  gangrene ;  or  suppuration  of  the  interstitial  lung  tissue  with  the 
formation  of  abscess  may  occur.  In  siicli  cases  Streptococcus  pyogenes 
and  Staphylococcus  pyogenes  aureus  or  putrefactive  bacteria  may  be 
present  with  the  pnenmococcus  in  the  exudate. 

Suppurative  iufiammation  of  the  interstitial  tissue  of  the  lungs  may 
involve  not  only  the  larger  fibrous-tissue  bands  but  the  walls  of  the  air 
vesicles  and  other  air  spaces.  It  is  often  called  "  purulent  infiltration. " 
From  the  cut  surface  of  the  lungs  in  resolving  lobar  pneumonia,  a  gru- 
mous  fluid  resembling  pus  often  exudes,  and  this  is  sometimes  mistaken 
for  a  mark  of  interstitial  suppuration  of  the  lung. 

Suppurative  inflammation  of  the  interstitial  tissue  of  the  lung  may 
occur  without  association  with  lobar  pneumonia. 

Lobular  Pneumonia  and  BsoKcno-PNEUMONiA. 

In  distinction  from  that  common  form  of  pulmonary  inflammation 
induced  by  the  Micrococcus  lanceolatus,  which  as  we  have  seen  is  usu- 
ally lobar  iu  character,  there  are  exudative  inflammations  of  the  lungs, 
due  to  many  difl'erent  excitants,  which  are  "patchy"  or  " lobular "  in 
extent,  the  consolidated  areas  vaiying  in  size  from  such  as  are  scarcely 
visible  to  those  several  centimetres  in  diameter.'  These  patches  of  lobu- 
lar consolidation  often  join  and  mei^e,  so  that  solidification  of  whole 
lobes  or  lungs  is  not  uncommon.  But  the  mottled,  uneven  surface  and 
color  of  the  lungs  on  section,  and  the  usual  absence  of  the  peculiar  granu- 
lation, ordinarily  suffice  for  the  distinction  even  to  the  naked  eye  of  the 
lobar  from  the  coalescent  lobular  forms  of  exudative  pneumonia. 

It  is  convenient  to  rect^nize  several  types  of  lobular  exudative  pneu- 
monia, although  the  character  of  the  exudate  is  not  distinctive. 

■  Tin- 
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This  most  important  type  of  lobular  pneumonia  frequently  develops 
in  couuectiou  with  and  as  an  extension  of  that  form  of  inflammation  of 
the  smaller  bronchi  commonly  called  "capillary  bronchitis."  At  first 
dark  red  iu  color,  the  lobular  areas  of  eonsolidatiou  in  broncho-pueu- 
monia  become  more  gray  at  the  centre  through  degeneration  of  the  ex- 
udate, while  the  advance  of  the  process  in  tJie  periphery  is  marked  by 
a  less  solid,  redder  zone.  On  section  of  the  fresh  lung  these  areas  (Fig. 
275)  usually  project  somewhat  above  the  general  surface  and  at  their  cen- 


Fio.  ;ns.— Bbonchd-Pnechomi 
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tres  the  involved  bronchi  may  appear  as  lighter  spots,  from  which  pus 
may  exnde  or  be  easily  pi-essed  out.  Such  areas  may  coalesce,  forming 
larger  consolidations.  The  exudate  which  more  or  less  completely  fills 
the  air  spaces  (Fig.  276)  consists  of  serum,  old  and  new-formed  epithe- 
lial cells  from  the  walls  of  the  air  spaces,  red  blood  cells,  and  often  fibrin 
and  polymorphonuclear  leucocytes  (Fig,  277)  with  various  forms  of 
micro-organisms.  As  a  rule,  however,  fibrin  and  leucocytes  are  not  as 
abundant  as  in  the  exudate  of  lobar  pneumonia.  Mucus  and  bronchial 
epithelium  may  be  aspirated  into  the  air  spaces  and  mingled  with  the 
exudates. 

Broncho- pneumonia  invohes  a  direct  extension  of  the  inflammatory 
process  from  the  bronchi  to  the  coutignous  lung  tissue,  so  that  there  is 
both  an  interstitial  and  exudative  pneumonia  about  the  bronchial  tubes, 
the  whole  forming  the  lobular  areas  of  consolidation  (Fig.  278).     This 
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involvement  of  the  branchiii]  wall  in  inHanimation  witli  a  direct  exten- 
sion of  the  process  to  the  surrouudiiig  lung  tissue  has  been  urged  espe- 


Fia.  270.— BRonChO-Pnecho.ma 
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cially  by  Delafield  as  tlie  process  to  which  the  term  broncho-pneumonia 
should  be  par  excellmee  applied. 

Between  the  consolidated  areas  there  maybe  atelectasis  of  lung  tissue 
from  the  occlusion  of  the  smaller  bronchi  with  exudate.  Wheu  the  con- 
solidated areas  are  situated  at  the  surface  of  the  lungs,  fibrinous  pleuri- 
tis  may  be  present  over  the  affected  regions. 

This  form  of  broncho -pneumonia  is  frequent  in  children,  sometimes 
as  an  independent  process,  but  often  associated  with  or  following  diph- 
theria, scarlatina,  measles,  etc.  It  oc- 
curs also  in  adults,  either  as  a  compli- 
cation of  infectious  diseases  such  as 
typhoid  fever,  smallpox,  influenza,  etc., 
or  as  3  primary  process.  It  may  occur 
in  the  aged  or  those  enfeebled  by  chronic 
wasting  diseases. 

Besolution    may  take   place   in   the 
ai'cas  of    broncho- pneumonia  by  proc- 
esses of  cell   degeneration  and  absorp- 
tion identical  with  those  through  which 
restoration  is  secured  in  lobar  pneumo- 
nia.    If,  however,  resolution  in  broncho- 
Fi«.«T.--BHo^Ht^p«Eir«^iA--Eii[.ATB     pneumonia  do  not  presently  take  place 
and  the  lesion  persist,  dense  connective 
tissue  is  apt  to  form  about  the  bronchi  and  in  the  interstitial  tissue  of 
the  lungs,  which  may  iead  to  induration  and  distortion  of  the  organs, 
atelectasis,  chronic  bronchitis  with  dilatation  of  the  bronchi,  etc.     A 
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photc^raph  of  a  section  of  such  a  chronic  or  "persistent"  Dryaeho- 
pnenmonia  is  reproduced  in  Fig.  279. 

Other  Forms  of  Lobular  and  firoiLcho-Fiieamoiua. — There  are  forma  or 
types  of  lobular  pneumonia  in  which  serum  and  epithelial  cells  with 
more  or  less  fibrin  and  leucocytes  collect  in  the  air  spaces  of  a  limited 
regiou  without  primary  bronchitis  and  without  involvement  of  the  walls 
of  the  bronchi  and  air  spaces. 

In  one  type  of  lobular  pueumonia  and  broncho-pneumonia  the  exu- 
date may  consist  largely  of  pus  cells  which  infiltrate  the  walls  of  the  air 
spaces  aud  brouchi  as  well  as  fill  the  air  spaces  themselves.  This  type 
of  iuflammation  may  be  induced  by  the  aspiration  iu  feeble  persons  of 
irritating  substances  or  bacteria-coutaiDiug  material  of  varions  kiuds, 


Fio.  :iT8.-  Broncho- PS KfM* 


particles  of  food,  saliva,  etc.  This  is  called  aspiraUoH  pneumonia  and 
may  result  in  necrotic  or  gangrenous  processes  in  the  iuvolved  regions 
of  the  bronchi  aud  lungs.  Again  tliere  may  be  circumscribed  areas  of 
exudative  pneumonia,  often  suppurative  in  type  and  involving  the  walls 
of  the  air  spaces,  which  originate  through  (he  transportation  by  the 
blood-vessels  of  various  forms  of  bacteria,  especially  the  Streptococcus 
and  Staphylococcus  pyogenes,  as  in  pytemia;  this  is  called  lobular  pneu- 
monia of  hamatoffeiious  origin  or  pi/tEmic  pneumonia.  Than  abscesses  of  the 
lungs  may  be  formed. 

In  the  lobular  pneumonia  of  bubonic  plague  the  exudate  is  said  to 
eontain  few  leucocytes  and  epithelial  cells  aud  to  consist  largely  of  blood 
aud  plague  bacilli.' 

In  the  aged  or  those  long  in  bed  io  au  enfeebled  condition,  hyperw- 
'  Consu]i  Fkxiter,  Traua.  Assn.  Am.  Pliys.,  vol.  zvi.,  IMl 
32 
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mia  and  cedema  with  more  or  less  exudate,  usually  epithelial  in  charac- 
ter, may  develop  iu  tlie  dependent  posterior  portions  of  the  lungs — hy- 
pontatic  congestion  aud  hypostatic  pneumonia. 

There  is  a  peculiar  aud  rare  form  of  broncho-pneumonia  associated 
with  necrosis  in  which  forms  of  streptothrix  have  been  isolated  which 
are  undoubtedly  the  excitants  of  the  disease.'  Actinomyces  is  also  an 
occasional  excitant  of  bronchopneumonia. 

In  all  these  forms  of  lobular  pneunionia  cedema  and  atelectasis  of 
uninvolved  portions  of  the  lung  may  occur. 

It  isevideiit  that  in  lobular  pneumonia  the  infections  ^ent  may  reach 
the  lungs  either  through  the  air  passages  or  through  the  blood  or  lymph 


no.  2T9.— Perbibte NT-CHHONIC— BBONCHO-PNECSIONU. 

vessels,  and  that  diffci-ences  in  the  portals  of  entry  as  well  as  in  the 
nature  and  virulence  of  the  excitant  and  the  susceptibility  of  the  indi- 
vidual ha\'e  an  important  bearing  both  upon  the  course  of  the  disease 
and  the  morphology  of  the  lesion. 

The  Excitants  of  I>obui.ar  and  Broncho-Pneumonia. —The 
excitants  of  broncho -pneumonia  and  other  types  of  lobular  pneunionia 
are  most  frequently  Streptococcus  pyogenes  (Fig.  251),  the  pneumo- 
coccus,  Staphylococcus  pyogenes,  the  typhoid,  diphtheria,  influenza,  and 
plague  bacilli,    the   pneumobacillus   of   Friedliiuder;    the   sti«ptothrix 

,,p.  155,  1900,  liibltography. 
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above  iiieiitionoti,  aud  other  bacteria  have  been  occasionally  found.' 
Pathogenic  moulds  may  be  excitaDts  of  acute  forms  of  lobular  pulmonary 
inflammation. 

It  will  thus  be  seen  that  while  it  is  convenient  to  group  the  exudative 
forms  of  piilmonarj'  inflammation  on  the  basis  of  distinctions  which  are 
in  part  morphological,  in  part  etiological,  the  types  in  fact  frequently 
merge  or  concur.  This  should  not  lead  to  confusion  if  we  remember 
that  these  are  infectious  diseases  whose  most  conspicuous  lesion  is  located 
in  the  lungs,  and  that  they  are  not  species  in  the  natural  history  sense, 
for  which  fixed  and  definite  characters  must  be  established,  but  that  the 
groups  only  indicate  various  forms  and  phases  of  response  of  a  living 
organ  in  various  conditions  of  susceptibility  to  the  damage  inflicted  by 
one  or  another,  and  not  infrequently  by  two  or  more  combined  forms  of 


riTH  STREPTOCOCCI. 

This  BpedmeD  Is  trom  a  case  ot  broncbo-pneumoDlB  compUcaUnR  &  pseuclo-nieiiitiranoij 
Dl  tlie  larrni  in  scarluUna.    EifollBled  epLIbeJIum,  leucocytes,  and  a  ILlUe  Stria  wlUi  the  BtreptococcI  lotm 
Uk  (canty  eiU(lBt«. 

micro-organisms.  These  pneumonias  are  not  considered  among  the  infec- 
tious diseases  where  they  logically  belong,  partly  because  there  are  prac- 
tical advantages  in  grouping  pulmonary  lesions  together  aud  partly  be- 
cause our  knowledge  of  the  relative  frequency  and  significance  of  the 
bacterial  excitants  of  the  various  types  is  still  in  many  cases  too  incom- 
plete to  permit  the  establishment  of  a  distinctive  and  cleaily  defined 
form  of  infection.' 

'  For  a  study  of  tlie  bacteriology  of  lobular  pneumonia,  especially  in  adults,  see 
Blitmer.  Albany  Med.  Autials,  vol.  \xii.,  August,  1901, 

'For  «  resume  of  earlier  attempts  to  induce  experimental  pneumonia  in  animals, 
consult  .-l'//wAi  in  Notlinagers"SpepielIePatliologicu.  Tberapie,'"Bd,  xiv.,  Tb.  2,  p. 
36,  bibliograpliv.  p.  221, 

For  a  study  of  bacteria  in  tlie  lungs  and  Ibeir  relalionsliip  to  pneumonia,  consult 
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Interstitial  Pneumonia. 


Tbia  name  is  given  to  a  chronic  productive  inflammation,  which  in- 
volves the  connective -tissue  framework  of  the  luug  aud  the  walls  of  the 
air  spaces,  and  results  in  the  formation  of  new  connective  tissue  and  the 
obliteration  of  the  air  spaces  (Fig,  252). 

Such  an  interstitial  pneumonia  may  follow  acute  lobar  pneumonia 
with  the  production  of  new  intra-alveolar  connective  tissue,  broncho- 
pneumonia, chronic  pleurisy,  chronic  bronchitis,  and  atelectasis,  or  may 
be  induced  by  the  inhalation  of  the  dust  of  coal,  stone,  or  other  inor- 
ganic substances.     Diffuse  interstitial  pneumonia  may  occur  in  syphilis. 

The  topography  of  the  lesion  varies  considerably  in  the  different  con- 
ditions under  which  the  new  tissue  growth  occurs.     If  it  follow  acute 


FIG.  a(l.-CHROMC  INTKBSTrTUL  P.-SEfUOMA. 

lobar  pneumonia,  one  lobe  or  the  whole  of  one  Inng  may  be  involved  and 
covered  with  pleuritic  adhesions.  The  lobe  or  the  lung  is  small,  smooth 
on  section,  and  firm  in  texture.  The  air  spaces  and  small  bronchi  may 
be  largely  obliterated  by  the  new  coiuiccf  ivc  tissue.  If  it  follow  broncho- 
pneumonia, one  or  more  lol>es  are  studded  witli  fibrous  nodules,  which 
correspond  to  the  affected  bi-onchi  and  the  associated  lung  territory ;  or 

Ktip'lfin.  ZcitH.  f.  klin,  Med.,  Bd.  xxxiv..  p.  181,  1898;  also  with  special  refereDce  to 
cUildrmi.  sum  Bdivk.  Ueut.  Arch.  f.  klin,  Mtii.,  Ud.  Iviii.,  p.  368.  1807. 

For  It  study  of  bacteria  in  the  luuga  of  man  and  lower  animals,  see  Bteo,  Arch,  de 
Mwl.  expfrimentalo.  etr.,  t.  xi..  p.  818,  1899.  and  1.  siii,,  p.  O.'jl,  1601. 

For  a  study  of  expcrltiicatal  cooling  of  the  IxMly  whicli  may  induce  changes  Id  (lie 
blood,  predisposing  to  infection  with  the  pnciimocuccus,  sec  lieinebolh  anil  Kohlhar^, 
Deul.  Arcli.  f.  klin.  M»i„  Bd.  Ixv.,  p.  193.  1900, 

For  a  study  of  the  etTvcts  of  coolinj^;  iu  general  as  a  predisnonent  to  Inteetion,  see 
lAtde.  Arch.  f.  Hygiene.  Bd.  xxviii,,  18U7,  p.  »14;  also  Kisskalt.  Ibiil..  Bd.  xxxix.,  p. 
142.  1900.  bibliography. 

For  a  study  of  thu  portals  of  entry  in  lung  infection,  with  special  reference  to  the 
pleura,  eee  Orober.  Deutsch.  Arch.  t.  klin.  Meil..  lid,  Ixviii.,  p.  im.  1900,  bibliograpliy. 

For  a  recent  comprehensive  resume  of  bacU'ria  in  tlie  lung,  of  llie  predisposing  fac- 
tors in  pneumonia,  aud  a  siinimary  with  new  studies  of  experitneutal  pneumonia,  see 
Wad»teorlh.  Am.  Jour.  Med.  Sd.,  vol,  cxxvii.,  1904. 

Concerning  circulatory  ehangca  iu  the  lungs  under  various  pathological  conditions, 
see  refurenee  to  Euki:  p.  484. 
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a  large  part  of  a  lobe  is  converted  iuto  dense  fibrous  tissue ;  the  pleura 
maybe  thickened;  there  may  be  chronic  bronchitis  and  bronchiectasia. 
If  interstitial  pneumonia  be  associated  with  thickening  of  the  pleura, 
bands  of  connective  tissue  extend  from  the  pleura  into  the  lung,  the 
broQcbl  are  inflamed  and  often  dilated.  When  associated  with  chronic 
bronchitis  there  are  fibrous  noduies  around  the  bronchi,  with  more  or 
less  diffuse  connective  tissue. 

The  changes  in  interstitial  pneumonia  may  occur  by  a  slow  hyperpla- 
sia of  the  fibrous  tissue  or  by  the  formation  of  granulation  tissue  which 


Fig.  2!ffi.— Chronic  Intehstitial  Pneemdma.    Rkvcrsion  or  KprrHELicu  in  IsoLAntn  Aib  viisicles. 

gradually  becomes  denser  with  contraction.  Although  this  process  is 
primary  in  the  interstitial  tissue,  exudates  are  often  present  in  the  air 
spaces;  atelectasis  may  occur,  while  emphysema  and  bronchiectasia  are 
common. 

Sometimes  a  noteworthy  change  occurs  in  the  epithelium  lining  air 
vesicles  which  have  been  cut  off  from  their  neighbors  by  the  new  fibrous 
tissue.  The  epithelial  cells  increase  in  number,  become  thicker,  and 
finally  the  smalt  or  distorted  cavities  may  be  lined  with  a  complete  in- 
vestment of  cuboidal  cells  (Fig.  282).  This  reversion  of  the  epithelium 
of  the  air  vesicles  to  a  less  differentiated  type  occurs  in  many  chronic 
processes  in  the  lungs. 

Pigmentation  of  the  Lni^.— The  inbalatiou  of  dust  and  smoke  is  so 
continuous  among  those  who  live  much  indoors  that  the  lungs  of  nearly 


BHowInK  pfgmpnt  beoeath  Ibe  Uilckencd  pleura  and  in  tbe  UilrlLpDed  sepu  of  the  empbysemaloiu  Iudr. 

all  persons  from  the  earliest  years  are  more  or  less  pigmented.     The  for- 
eign particles  which  get  into  the  deeper  reces.ses  of  the  lungs  are  in  part 
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taken  up  by  (he  epithelium  of  the  air  spaces,  in  part  are  carried  by  pha- 
gocytes or  otherwise  to  the  interstitial  tissues  of  the  lungs  (Fig.  283). 
Here,  either  within  cells  or  without,  they  are  deposited  along  and  withiu 
the  lymph -channels  or  in  the  lymph-nodules  of  the  pleura  and  interstitial 
tissue,  or  they  may  be  carried  to  the  lymph-nodes  at  the  root  of  the 
lungs.  Karely,  this  iuhaled  dust  passes  the  tracheal  aud  bronchial 
lympU-nodes  aud  may  bG  deposited  iu  the  viscera,  especially  in  the  liver 
and  spleen. 

Under  ordihiiry  conditions  a  considerable  deposit  of  inhaled  pigment 
particles  in  the  lun^  does  not  seem  to  be  of  great  significance,  though 
there  is  little  doubt  that  it  may  predispose  to  more  serious  lesions.  On 
the  other  hand,  miners  and  others  working  or  confined  in  smoky  air, 
stone  or  metal  workers,  and  the  like  are  liable  to  excessive  pigmentation 
and  develop  interstitial  pneumonia,  especially  marked  at  first  along  the 
interlobular  septa  and  frequently  associate<l  with  chronic  bronchitis, 
emphysema,  atelectasis,  or  brouchiectasia.  This  condition  of  the  Inng 
whcudue  to  the  inhalation  of  coal  dust  is  eailed  anlhraeosis ;  when  due  to 
dust  of  various  minerals,  chaJicosis ;  when  due  to  iron  dust,  siderosis.' 
The  general  process  has  been  called  j)weiimoA'«niM»i«.  The  color  varies  iu 
these  lungs  with  the  character  and  amount  of  the  deposited  material, 
which  is  frequently  quite  unevenly  distributed.  The  amount  of  foreign 
material  iu  such  lungs  is  sometimes  large.' 


TuBEKcuixtus  Pneumonia. 

Oeneral  Considerations. — Tuberculous  intUmunation  of  the  lungs  is  sim- 
itar in  nature  to  tuberculous  inHammat  ion  iu  other  parts  of  the  body. 
But  since  the  character  of  the  response  of  a  fi-ssuc  to  injury  is  largely 
dependent  upon  the  form  aud  capacities  of  its  cells,  it  is  not  surprising 
that  in  such  complex  organs  as  the  lungs,  the  lesions  of  tuberculosis 
should  present  many  variations  from  the  usiml  type  elsewhere.  The 
bronchial  passages  and  the  connecting  air  spa«'es,  the  numerous  blood- 
and  lymph -channels  especially  favor  the  distribution  of  the  tubercle 
bacillus  within  these  oi^ans ;  the  open  texture  of  the  lungs  permits,  as  in 
other  forms  of  pneumonia,  of  great  accumulation  of  exudate,  while  the 
delicacy  and  thinness  of  the  air  chambers  favor  extensive  disintegration 
of  the  old  or  new-formed  tissues  or  exudates  when  these  ha\e  become 
necrotic  under  the  influence  of  the  poisons  of  the  tubercle  bacilli.' 

Thus  the  variety  of  cells  and  tissues  involved  and  their  peculiar  rela- 
tionshipsto  one  another  aud  to  the  invading  oi^nisms  render  the  lesions 
of  pulmonary  tuberculosis  more  complex  in  morphology  than  are  tuber- 
culous lesions  in  any  other  part  of  the  body. 

The  classification  of  these  lesions  is  largely  based  upon  tojMJgrapbie 

'  For  n  study  of  the  condition  of  irou  pigment  In  cells  and  tissnes  iee  Arjwld, 
Virch.  Arrh.,  BA.  cIxL,  p.  284,  1900. 

*For  un  ikimlvsis  of  the  longs  of  a  cose  of  extreme  anthracosis  see  Uodenpyl.  Trans 
New  York  Path.'s,*,.  IMSO-lttK). 

■  For  further  details  coucuruiiig  the  luugs  ia  inllainmatioD  see  p.  4M<. 


d,  Google 


Pathology— ZJe/fl/iWt/  and  Prudden.  Plate  IV. 


Miliary  Tuberculosis  (Acute)  of  the  Lung, 
The  miliary  tubercles,  small  and  irregular  in  shape,  are  distributed 

throughout  the  lung — more  abundantly  in  the  upper  and  middle  thirds. 
The  blood-vessels  are  injected  with  blue  gelatin,  so  that  in  this 

photographic  reproduction  of  the  specimen  the  uninvolved  portions  of 

the  lung  are  dark,  while  the  tubercles — in  which  the  blood-vessels  are 

compres<^ed  or  obliterated — are  light. 
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considerations  and  ia  not  to  be  regarded  as  iudicatiiip;  fundamental  differ- 
ences in  the  reaction  of  tlie  tissues. 

Tubercle  t>acilli  may  enter  the  lungs  either  through  the  blood-  and 
lyniph-vcssels,  being  bniught  from  a  focus  of  tubei-ciihms  inflainniation 
in  another  part  of  the  body ;  or,  as  is  nioi-e  frequently  the  case,  they  are 
introduced  through  the  air  passages  by  the  inhalation  of  floating  dust 
I>artieles,  among  which  are  living  tubercle  bacilli.  Thei*  is  evidence 
that  tubercle  bacilli  may  enter  the  body  through  the  gastro-intestiual 
mucous  membrane  without  the  development  of  a  tubereulous  letjiou  at 
the  point  of  entry.' 

The  introduction  of  tubercle  bacilli  into  the  lungs  may  induce  an 
exudative  inflammation  with  the  accumulation  of  fibrin,  leucocytes,  and 
exfoliated  epithelium  in  the  airspaces;  a  productive  inflammation  with 
the  growth  of  epithelial  cells,  or  of  i-ound-celled  tissue,  or  of  a  tissue 
composed  of  basement  substance,  large  and  small  cells,  and  giaut  cells 
called  tubcrele  tissue  (see  page  242);  or  there  may  be  added  necrosis  of 
the  new  tissue  and  of  x>ortiousof  the  lung.  All  of  these  phases  of  tuber- 
culous lesions  may  and  usually  do  occur  together. 

The  character  of  (he  inflaniniution  in  each  case  seems  to  be  governed 
by  the  type  of  cells  especially  involved,  by  the  nimiber,  virulence,  and 
proliferative  capacity  of  bacilli  which  are  inti-oduced  into  the  lungs,  and 
the  way  in  which  these  enter,  as  well  as  by  the  susceptibility  of  the  iudi- 
vidual.  If  a  lai'gc  number  of  virulent  tubercle  bacilli  be  inhaled  or 
aspirated  through  the  bronchi,  or  if  the  bacilli  grow  with  great  rapidity, 
both  producti\'e  and  exudative  inflammations  nmy  be  set  up  in  a  consid- 
erable portion  of  the  lungs.  If,  on  the  other  hand,  but  few  bacilli  enter 
and  Iheir  prolifemtiou  or  virulence  be  not  extreme,  or  if  these  find  their 
way  in  small  numbers  into  the  lungs  through  the  blood-vessels  or  lym- 
phatics, then  there  may  be  small  foci  of  productive  inflammation  wilh 
but  little  exudation.  The  tuberculous  alterations  in  the  lungs  are  usually 
accompanied  or  followed  by  a  series  of  secondjiry  processes  which  often 
complicate  the  coudition  of  the  patient  as  well  as  the  morphological  ap- 
pearances of  the  organs.  The  obliteration  or  destruction  of  the  smaller 
blood-vessels  of  the  lungs  in  the  tuberculous  areas  contributes  to  the 
gray  or  whitish  api)earance  of  the  lesions,  due  largely  to  new-formed  tis- 
sue or  acx'umulated  exudate.  The  formation  of  fibrous  tissue  in  the 
attempts  at  repair  of  the  damage  wrought  by  the  tubercle  bacillus  often 
dominates  the  structural  picture. 

The  tmditional  distinctions  between  acute  and  chronic  forms  of  pul- 
monary tut>erculosis  arc  often  morphologically  not  at  all  well  defined  and 
are  of  value  chiefly  for  clinical  purposes. 

It  lias  been  customary  to  set  apart  those  forma  of  acute  tuberculosis 
of  the  lungs  in  which  the  lesions  are  in  the  foi-ra  of  small  discrete  so- 
called  "miliary"  foci,  calling  the  condition  Acute  Miliary  Tubercaloais. 
Tlie  other  tul)ercn]ou5  lesions  involving  in  varying  degree  the  lungs  and 
the  bronchi  with  associated  and  often  extensive  exudative  necrotic  and 
reparative  processes  have  been  commonly  jumbled  together  as  Acute  and 

'  For  n  discussion  of  tlie  source  of  tlie  Inberclo  bftcillus  in  plillilsis  sen  Vcrli.  d. 
deutsclien  Path.  Gea..  iv.,  September.  1901.  p.  73;  also  references  on  page  233. 
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Chronic  Fhthim,  many  phases  of  whioh  Lave  been  elaborately  described 
as  if  they  were  the  expression  of  independent  processes. 

With  our  present  knowledge  of  the  nature  and  etiology  of  tuberculosis 
it  seems  better  to  let  the  word  phthisis  fall  into  disuse  aa  speedily  as 
possible  and  to  consider  under  more  exact  and  siguificant  desiguatious 
sncli  phases  of  pulmonary  tuberculosis  as  the  morphological  characters 
of  the  lesions  justify.  We  shall  review  the  lesions  of  pulmonary  tuber- 
culosis tben  under  the  following  primary  headings: 

1.  Focal  or  miliary  tuberculosis. 

2.  Tuberculoas  broncho-pneumonia. 

3.  Complex  forms  of  nodular  and  diffuse  tuberculosis  lesions. 

4.  The  formation  of  cavities. 

5.  Secondary  lesions  in  pulmonary  tuberculosis. 

6.  Concurrent  infection. 

Focal  Tubebculosis.     {MUiary  Tvbercvlfmg.) 

Acnte  Hillary  TnbereuloiiB. — The  rapid  and  widespread  development 
of  miliary  tubercles  in  the  lungs  is  often  a  part  of  general  tuberculosis, 
although  the  lesion  may  be  most  extensive  in  the  lungs.  Both  lungs  are 
apt  to  be  involved,  but  the  distribution,  number,  size,  and  character  of 
the  miliary  tubercles  differ  in  different  cases.  The  tubercles  are  found 
in  the  parenchyma  of  tlie  lung,  in  the  connective  tissue  forming  the 


septa,  along  and  in  the  walls  of  the  bronchi  and  blood-vcswls,  and  in  the 
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polmonary  pleura.  They  may  be  stsittered  singly  through  the  luugs 
(Plate  IV.),  or  aggregated  in  groups  (Plates  VI.  and  VII.).  They  may 
he  separated  by  considerable  interspaces,  or  so  close  together  that  the 
lung  is  rendered  nearly  solid.  Some  are  so  small  and  transparent  that 
they  can  hardly  be  seen  with  the  naked  eye ;  others  are  larger  and  more 
opaijne  and  may  have  a  lighter  centre  marking  the  area  of  necrosis. 

In  many  cases  it  is  evident  that  tlie  laugB  are  infected  through  the 
blood-vessels  or  the  lymphatics,  for  the  general  tutiereulous  infection 
is  secondary  to  a  localized  tuberculosis  either  in  the  lungs  or  in  some 


other  part  of  the  body.  In  a  considerable  proportion  of  cases  of  miliary 
tuberculosis  of  the  lungs  tuberculous  lesions  of  the  bronchial  lymph- 
nodes  or  of  the  lung  tissue  at  the  apex  of  much  longer  standing  indicate 
the  probable  immediate  source  of  origin  of  the  widely  distributed  tuberele 
bacilli.  Very  often  in  miliary  tuberculosis  of  the  lungs  the  tubercles  in 
one  jmrt  of  the  lungs  are  larger  and  appear  to  be  older  than  those  iu 
other  parts.  Thus  it  is  not  itifrequent  to  find  the  tut>ercles  iu  the  upper 
portion  of  the  lungs  more  abundant,  latter,  and  more  fibrous  than  in  the 
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lower  lobes  (see  Plate  VII.),  It  is  in  fact  probable  that  in  many  eases 
of  acute  military  tuberculosis  of  the  lung,  either  associated  or  not  with 
older  local  tuberculous  lesions  from  which  the  distribution  of  bacilli  may 
have  taken  place,  the  generalization  has  not  occurred  at  once  but  by 
successive  fresh  infections. ' 

Miliar}-  tubercles  in  the  lungs  are  in  structure  essentially  similar  to 
those  formed  elsewhere  in  the  body,  except  that  the  filling  of  the  air 
spaces  with  exudate  makes  the  lesion  somewhat  more  complex. 

The  tubercles  may  he  composed  of  small  spheroidal  cells  or  of  larger 
polyhedral  cells  with  more  or  less  fibrous  stroma,  or  of  small  and  lai^e 
cells  aud  stroma.  Giant  cells  maybe  present;  coagulation  iieerosis  is 
usual  (Fig.  119,  page  244).  Such  forms  of  miliary  tubercles  may  l>e  and 
commonly  are  associated  with  the  presence  of  an  exudate  in  the  adjaceut 


FlC.  XSe,—A  MiMAiir  TinEBri.K  of  ihk  LfNO, 
of  Uic  Blr  Vfrtrien  ntv  til  psrl  still  prwuTied. 

or  involved  air  vesicles  (Fig,  2S4).  This  exudate  may  be  largely  made 
up  of  exfoliated  epithelial  cells  which  have  proliferated;  or  with  these 
there  may  be  serum,  leucocytes,  and  fibrin.  The  blood -vessel-s  within 
the  tubercles  which  replace  the  lung  tissue  are  partially  or  wholly  oblit- 
erated (Fig.  28.5). 

But  the  miliary  foci  of  tuberculous  inflammation  in  the  hiugs  may 
consist  wholly  of  inflammatory  exudate  which  early  becomes  necrotic, 
often  with  necrosis  of  the  walls  of  the  involved  airspaces  (Fig.  120,  page 
24f>).  Such  tubercles  of  the  exudative  type  are  apt  to  occur  in  children 
and  usually  contain  lai^e  numbers  of  tuljercle  bacilli.     They  may  occur 

'  For  H'tereDMS  to  the  origin  of  miliary  tuborculosia  see  JJendu,  Liibarecii  and 
Ostertag's'Ergibnissc,"  Jahrg.  v.,  p.  44T. 
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Pathology  -  Delafield  and  Prudden.  Plate  V. 


Tuberculous  Broncho-Pnei 

The  walls  of  the  smaller  bronchi  ate  involved,  being  thickened  and 
caseous,  while  the  ulceration  of  many  of  them  has  led  to  the  formation 
of  numerous  small  cavities. 

The  blood-vessels  are  injected  with  blue  gelatin,  so  that  the  less 
affected  and  the  intact  parts  of  the  lungs  are  the  darker. 
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in  connection  with  %'arious  other  phases  of  acute  and  chrouie  pulmoaary 
tuberculosis. 

AVhen  miliary  tubercles  are  situated  in  the  parenchyma  of  the  lung 
tlie  Trails  of  the  air  spaces  niay  be  visible  in  the  new  growth  (Fig.  286) 
or  they  may  he  largely  or  wholly  obliterated  (Fig.  287). 

In  the  obliteration  of  the  walls  of  the  air  vesicles,  their  fonner  situa- 
tion may  be  indicated  by  structureless  bauds  or  streaks  of  uecrotic  ma- 
terial, or  they  disappear  altogether. 


Chronic  and  "Healed"  Miliary  TuherclM.— The  small  foci  of  tubercu- 
lous inflammation  which  are  called  miliary  tubercles  may,  as  we  shall 
see  later,  extend  and  coalesce  so  that  with  more  or  less  exudative  pneu- 
monia lai^e  areas  of  the  lung  may  become  consolidated,  thus  developing 
one  of  the  forms  of  pulmonary  tuberculosis  called  phthisis. 

On  the  other  hand,  small  tuberculous  foci  in  the  lungs  may  with  or 
without  extensive  necrosis  become  surrounded  by  or  converted  into 
masses  of  dense  fibrous  tissue.  Those  fibrous  tissue  masses,  which  are 
often  called " heiilcd  tubercles"  (Figs.  288  and  289),  may  contain  necrotic 
material,  are  often  mottled  black  from  anthracotie  pigment,  or  they  may 
be  calcified  at  the  centre. .  Tubercle  bacilli  may  be  absent  from  them  or 
the  lacilli  may  remain  alive  within  them  for  a  long  time  quiescent,  but, 
as  Lartigau  and  othei-s  have  shown,  still  virulent.  When  such  circum- 
scribed masses  of  more  or  less  fibrous  tubercle  tissue  are  seattei-ed 
through  the  lungs,  although  the  individiml  masses  may  be  of  considerable 
size,  the  process  is  sometimes  called  "chronic  miliafy  luiercttlosia." 

It  should  be  remembered  that  the  new  fibrous  tissue  which  forms  in 
and  about  miliary  tubereles,  as  well  as  other  tuberculous  lesions,  is  the 
result  of  a  distinctly  repjirative  process  in  which  the  already  formed  tu- 
bercle tissue  or  its  products  apparently  act  somewhat  as  foreign  bodies 
may  in  inducing  fibrous-tissue  growth. 
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Tuberculous  Broncho-Pneumonia. 

In  another  most  iuiportaiit  phase  of  tuberculous  inflammation  of  the 
lung  there  is  an  involvement  of  the  walls  of  the  smaller  bronchi  and  the 
associated  groups  of  air  spaces.  This  may  occur  through  iuhalation  of 
bacilli  or  by  their  aspiration  from  an  established  tuberculous  focus,  for 
example,  from  a  lesion  at  the  apex,  or,  as  is  ofteu  the  case  in  children, 
from  tuberculous  bronchial  lymph-nodes;  or  infection  may  take  place 
through  the  blood-  or  lymph-vessels.  In  the  early  stages  of  tnherenlous 
broncho-pneumonia  the  cut  surface  of  the  fresh  lung  may  present  small 
gray  or  yellowish -white  areas  of  consolidation  with  necrosis  clustered 
about  the  small  or  terminal  bronchi  (Plate  V.).     The  process  is  at  first 


lai^ely  exudative,  involving  a  catarrhal  and  necrotic  inflammation  of  the 
mucous  membrane  of  the  bronchus  with  more  or  less  exudate — which  also 
may  soon  become  necrotic— in  the  associated  groups  of  air  spaces  (Fig. 
290).  Sometimes  organized  tubercle  tissue  may  form  in  the  walls  of 
the  bronclii  with  thickening  of  the  walls  and  obliteration  of  the  blood- 
vessels of  the  a4ja«ent  air  spaces. 

By  the  extension  of  the  process  from  one  and  another  affe<;ted  bron- 
chus and  the  coalescence  of  these,  large  areas  of  the  lungs  may  become 
involved.     In  this  more  advanced  stage  of  broncho-pneumonia  the  larger 
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and  smaller  consolidated  areas  may  be  dark  red  with  firmer  gray  or  yel- 
lowish-gray central  portions,  In  which  the  blood-veasels  are  obliterated, 
or  the  whole  area  may  be  solid  and  in  the  fresh  lung  grayish-white.     This 


Flu.  Kia— Tl'UERCCT.Ol."S  Broncilo-Pnecwonca. 
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Miliary  Tubercles  and  Tuberculous  Broncho-Pneumonia  with 
Diffuse  (Chronic)  Tuberculous  Lesions  in  the  Apex, 

There  U  in  the  apex  tuberculous  conaolidatioTi  -with  coagulation 
necroaia  (caseation),  new  fibrous  tissue,  and  a  small  cavity.  The  middle 
third  of  the  hing  contains  manjr  small  single  and  clustered  miliary  tuber- 
cles and  foci  of  tuberculous  broncho -pneumonia.  The  lower  third  con- 
tains a  few  similar  small  tuberculous  foci,  also  scattered  and  in  clusters. 

The  appearance  of  the  hing  leads  to  the  conjecture  that  tubercle 
bacilli  may  have  been  gradually  disseminated  from  the  earlier  lesion  In 
the  apex.    The  blood'VCMels  are  Injected  with  bhie> 
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neT-formed  tisane  may  undergo  Decrosis  and  lUceratioii  so  that  with  an 
advancing  consolidation  of  the  lung  tissue  about  the  bronchi  numerous 
lai^r  and  smaller,  rough,  irregular  cavities  may  be  formed  (Fig.  291). 
The  walls  of  the  larger  bronchi  also  may  become  the  seat  of  a  tubercu- 
lous infiammatiou  with  more  or  less  necrosis  (Fig.  292).  Ulceration 
of  these  necrotic  bronchial  walls  may  lead  to  the  fonuatiou  of  ragged 
cavities  (Plate  IX.  and  Fig.  293). 

The  secondary  development  of  dense  fibrous  tissue  in  connection  with 
tuberculous  broncbo-pueumouia  is  a  marked  feature  of  the  persistent  or 
chronic  forms.     Tuberculous  broncho-pneumonia  is  one  of  the  most  im- 


rco.  2Sa.-^TPBHRCCI,0rS  BKONCHIVPNErjIOSC. 
Sbowtne  Uie  formstluD  uf  cuvllles  in  Uie  lung  In  ao 
tante  tuberculouB  broTOhififlallc  CBvItEes,    At  thsleftari 
In  Uielr  c?)!ntrBl  ponfoHB. 

portant  of  that  complex  of  pulmonary  lesions  called  phthisis,  and  is  com* 
monly  associated  with  other  forms  of  tuberculous  iuvolvement  of  the 
oi^n — ^miliary  tubercles,  larger  areas  of  consolidation,  etc. 

CoMPLKx  Forms  of  Xodular  and  Diffuse  Tuberculous  Lesions. 

(Fiithims. ) 

With  or  without  the  various  well-defined  forms  of  tuberculous  bron- 
cho-pneiunonia  and  miliary  tubercles  above  described,  there  may  be 
more  or  less  circum-scribed  small  or  large  areas  of  productive  and  exuda- 
tive tuberculous  inflammation  of  the  Inng  with  necrosis,  both  of  the  Uing 
tissue,  the  new-formed  tissue,  and  the  exudate  (Plate  XII. ).    These  may 
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develop  as  the  result  of  fresh  iufectionB  of  the  lung  through  the  lym- 
phatics or  otherwise.  These  areas  or  uodules  may  coalesce  so  that  whole 
lobes  or  parts  of  lobes  of  the  lungs  may  become  consolidated  (Plates  VII. 
and  VIII, ),  Microscopically,  these  consolidated  areas  may  be  composed 
of  tubercle  tissue  more  or  less  necrotic,  with  partial  or  total  obliteration 
of  the  walls  of  the  air  spaces.  On  the  other  hand,  when  the  process  has 
been  exudative  as  well  as  productive  in  character,  one  may  see  in  the  solid 


710.  2M.-AM  AIR  Vesicle  Filled  with  Fatty  EpniiKUiM,  is  CtiftONiC  PCLMONaRY  TCMaCTLOBW. 
The  wall  ot  Uie  lUr  veskle  Is  cllagr»inni»Ue. 

areas  the  outlines  of  the  air  vesicles  and  larger  spaces;  but  these, 
together  with  the  enclosed  exudate,  may  be  necrotic  and  granular  with 
lew  stained  nuclei  and  fragments  of  chromatin.  Much  of  the  exudate 
which  fills  the  air  vesicles  either  within  or  about  these  more  densely  con- 
solidated areas  may  not  be  caseous  or  necrotic,  but  may  consist  of  well- 
preserved  or  fatty  epithelial  cells  (Fig.  294),  or  of  these  with  varying 
quantities  of  leucocytes  and  fibrin. 

Aside  from  these  complex  forms  of  nodular  and  diffuse  tuberculous 
le.'iious  oue  may  recognize  a  Difiuae  Exudative  Tubercolont  Inflammatioa  of 
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Diffuse  and  Focal  (Chronic)  Pulmonary  Tuberculosis — 
"  Chronic  Phthisis." 

In  the  upper  third  of  the  lung  there  is  tuberculous  broncho-pneu- 
monia with  commencing  ulceration  of  small  bronchi:  nearly  complete 
consolidation  from  the  eitension  and  coalescence  of  small  tuberculous 
foci  and  diffuse  formation  of  Gbrons  tissue. 

In  the  lower  third  of  the  hing  are  irregular,  dense,  sharply  outlined 
tuberculous  foci  (chronic  miliary  tubercles). 

In  the  middle  third  there  is  tuberculous  pneumonia  of  the  exudative 
type,  the  incompletely  consolidated  areas  having  become,  in  part,  caseous. 

The  less  involvul  portions  of  the  lung  in  this,  as  in  the  other  in- 
jected specimens,  are  the  darker- 
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theXnngfl  of  Acute  and  of  Chronic  Type. — Cheesy  Pneumonia;  Fnenmonio 
PhthisiB. 

1.  Acute  Type. — Sometimes  lai^e  areas  or  whole  lobes  or  the  whole 
lung  may  be  the  seat  of  aa  exudative  process  by  which  the  affected  regioa 


.■DATITB    TTPE    (ACI-TE   PHTHTBIS— CKKEST  rstVUO- 
UIAl:    WITH  EXTEKSIVE    DlSlNTl^URATION    AMI    FORMATION    OF  CAVITIES. 

Tbe  pleura  Is  mutb  tbiokmnl. 

becomes  solidified,  the  exudate  couaistiiig  of  epithelium  with  more  or  less 
fibrin  and  pus.  This  exudate,  together  with  the  lung  tissue,  soon  under- 
goes necrosis,  so  that  the  solidified  lung  becomes  dense,  mottled,  and 
gray  in  color.  Extensive  disintegration  (Fig.  295)  of  the  consolidated 
33 
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and  necrotic  portions  of  the  lung  may  take  place  with  the  formatioii  of 
lai^  ragged  cavities  (see  Plate  X. ),  In  many  cases  eaormous  numbers 
of  tnbercle  bacilli  are  present  in  the  exudate  of  the  involved  region  in 
this  type  of  exudative  and  necrotic  pulmonary  tuberculosis. 

2.  Chbosic  Type. — There  may  be  a  more  gradual  development  of 
the  exudate,  involving  larger  or  smaller  areas,  often  with  tuberculous 
thickening  and  necrosis  of  the  walls  of  the  air  spaces.  With  tliis  as  with 
other  forms  of  pulmonary  tuberculosis  there  may  be  associated  a  growth 
of  simple  fibrous  tissue  with  the  formation  of  cavities. 

Not  infrequently  tbe  exudate  in  such  forms  of  diffuse  tuberculous  in- 
flammation of  the  lung  is  less  cellular  and  more  serous  or  sero-fibrinous 
in  character  when  the  appearance  of  the  consolidated  region  is  trans- 
lucent and  gelatinous. 

Obliteration  of  the  larger  blood-vessels  by  thrombosis  or  inflamma- 
tion of  the  wall  often  plays  an  important  part  in  most  forms  of  tubercu- 
lous lesions  of  the  lungs.  When  large  trunks  are  involved,  large  lung 
areas,  supplied  by  tlie  occluded  vessels,  particularly  those  in  which  exu- 
date is  present,  may  become  necrotic  en  masse,  then  often  appearing  on 
section  smooth,  shining,  grayish-white  in  color,  and  bloodless. 


The  Formation  of  Cavities  in  Pulmonaey  Tubeeculosis. 

We  have  seen  that  in  tuberculous  broncho-pneumonia  r^ged  cavities 
may  form  by  a  progressive  necrosis  and  disintegration  of  the  thickened 
walls  of  the  affected  bronchi  and  the  adjacent  luug  tissue  (Plate  DC. 
and  Fig.  293).  Similar  destructive  alterations  may  occur  in  the  areas  of 
tuberculous  and  necrotic  tissue  which  involve  lai^r  and  smaller  portions 
of  whole  lobes  (Plate  XL).  This  is  most  often  rapid  and  extensive  in 
solidified  and  necrotic  areas  of  the  exudative  type  (Plate  X.  and  Fig. 
295).  These  ragged  cavities  may  communicate  with  one  another  as  well 
as  with  the  bronchi. 

While  at  first  without  distinct  limiting  walls,  if  the  necrotic  process 
be  not  too  active  and  extensive,  new  fibrous  tissue  may  gradually  form 
about  tuberculous  cavities  (Plate  XII.  and  Fig.  296);  and  these  may 
become  lined  with  granulation  tissue  or  a  layer  of  new-formed  tubercle 
tissue.  Here  an  enormous  proliferation  of  tubercle  bacilli  may  occur  for 
long  periods.  These  may  be  cast  out  in  the  sputum  or  aspirated  into  other 
parts  of  the  lungs.  The  old  blood-vessels  of  the  involved  portion  of  the 
lung  may  lie  upon  the  walls  or  stretch  across  these  cavities,  sometimes  with 
obliterated  lumina,  sometimes  still  i)ermeahle,  and  from  these  hsemorrhages 
may  occur.  There  may  be  continuous  and  prolonged  suppuration  of  the 
walls  of  the  cavities  and  putrefactive  processes  may  be  incited  by  the 
advent  through  the  air  passages  of  various  forms  of  Iracteria.  The  walls 
of  cavities  may  become  fibrous  with  an  arrest  of  the  tuberculous  process, 
and  they  may  become  shut  off  from  bronchial  communication. 
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Diffuse  (Chronic)  Pulmonary  Tuberculosis — "  Chronic 

Phthisis." 
Tn  the  upper  half  of  the  lung  there  are  scattered  miliary  tubercles 
and  irregular  areas  uf  consolidation,  with  a  diffuse  formation  of  fibrous 
tissue;  the  pleura  is  thicltened.  A  large  portion  of  the  lower  lobe  is 
densely  consolidated  from  tubercle  tissue  and  exudate  nith  coagulation 
necrosis  of  the  involved  regions.  These  regions  are  light  in  color, 
dense,  hard,  and  bloodless.  Such  dead  caseous  areas  may  persist  for 
some  time,  or  may  soften  and  disintegrate,  giving  rise  to  cavities. 
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Setondaby  Lesions  in  Pulmokaky  Tubeecxilosis. 

A  variety  of  secondary  processes  may  be  associated  with  the  various 
phases  of  pulmonarj'  tuberculosis  which  we  have  brieity  reviewed.     Tlie 
blood- v€)ts€l»  in  affected  regions  may  be  intact,  or,  as  we  have  seen,  their 
walls  may  be  involved  in  the  productive  and  necrotic  processes,  with 
thrombosis  or  obliteration   of 
the  lumen;  or  more  or  less  ex- 
tensive hfemorrhages  may  oc- 
cur.    If  the  consolidation   be 
not  complete,  lung  tissue,  often 
in  a  condition  of  atelectasis  or 
emphysema  and  with  more  or 
less  cellular  or  granular  exu- 
date, may  remain  between  the 
tuberculous     areas.       Miliary 
tubercles     may    be    scattered 
among  the  larger  consolidated 
masses  or  in  parta  of  the  lung 
otherwise  free. 

In  chronic  forms  of  pul- 
monary tul>erculosi8  the  an- 
ihracoiw  pigment  is  often  con- 
spicuous, particularly  in  the 
cheesy  and  fibrous  areas,  stand- 
ing out  in  masses  and  streaks 
in  contrast  to  the  new  or  dead 
tissue.  Furthermore,  there 
may  be  associated  with  the 
lung  lesions  acute  exudative  or 
chronic  fibrous  pleuritic  with 
adhesions ;  o  r  tuberculous 
pleuritis  of  varying  extent ; 
empyema  and  pneumothorax. 
There  is  nearly  always  more  or 
less  chronic  catarrhal  bronchitis 
or  bronchopneumonia  and  fre- 
quently bronchiectaitia.  There  is  much  denw  HbrouB  tlsautf  In  the  u^ier  lobe 

Tuberculous    inflammation     up^r"poriioii"of  ibe io«t!r loiie™    ™  " "^^"  "* '"  "" 
in  the  bronchial   lymph-nodes 

frequently  accompanies  and  often  jtrecedes  the  development  of  pulmo- 
nary tuberculosis.  In  children  the  tuberculous  lymph-nodes  often  extend 
far  into  the  lung  and  may  on  softening  give  rise  to  cavities  at  a  consider- 
able distance  from  the  hilus  of  the  lung. 

Tuberculosis  in  other  parts  of  the  body  is  common  in  connection  with 
pulmonary  tuberculosis. 
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In  all  these  various  processes  new-formed /Jroi«  tisstte,  not  tuberca- 
Ions  in  ehanuiter,  may  develop,  variously  distort;iug  the  lungs  and 
sometimes  enclosing  the  tubereidous  areas.  There  is  mnch  reason  for 
the  t>elief  that  the  characteristic  so-called  tubercle-tissne  formation  in  all 
phases  of  tuberculosis  is  a  response  of  the  living  cells  to  iujurj-,  which  as 
in  other  phases  of  inflammation  is  fundamentally  eonaervatlve  (see  page 
126).  But  whether  this  be  so  or  not,  it  is  certain  that  it  is  through  tbe 
development  of  fibrous  tissue,  which  is  so  important  a.  feature  in  persis- 
tent phases  of  pulmonary  tuberculosis,  that  the  delimitation  or  replace- 
ment of  tuberculous  foci,  the  encapsulation  of  tuberculoujs  cavities,  etc., 
occurs.  While,  thei-efore,  fibrous-tissue  formation  in  the  lung  is  fre- 
quently associated  with  the  necrotic  and  other  destructive  tuberculous 
lesions,  and  is  often  a  eery  conspicnous  factor,  it  should  be  remembered 
that  the  healing  which  takes  place  in  tbe  majority  of  cases  in  man  after 
moderate  infection  is  achieved  throi^h  its  agency. 

It  is  especially  upon  the  presence  or  absence  of  fibrous  tissue  in  the 
lesions  that  the  distinction  between  a«ute  and  chronic  phthisis  is  based. 

It  will  be  seen  from  this  brief  outline  of  various  prominent  phases 
of  pulmonary  tuberculosis  that  the  gross  appearances  of  the  lungs  are 
most  diverse,  although  the  processes  by  which  these  changes  are  induced 
are  few  and  comparatively  simple,  ^\'hile  no  two  lungs  ai-e  quite  simi- 
lar in  the  complex  phases  of  the  lesion,  systematic  gross  and  micro- 
scopical examinations  soon  enable  the  student  to  recognize  the  type  of 
lesiou  under  great  complexity  of  detail. 

The  Distkibution  op  the  Lesions  is  Pulmo.vaey  Tuberculosis. 

Aside  from  general  niiliarj'  tuberculosis  in  which  the  tubercles  are 
widely  distributed  throughout  one  or  both  lungs,  the  most  common  seat 
and  starting-point  of  tuberculous  lesious  in  adults  is  the  apical  region  or 
tbe  depth  of  the  lung,  particularly  the  right,  somewhat  below  the  apex.' 
In  children,  the  tuberculous  process  moi'e  frequently  commences  in  the 
bronchial  lymph-nodes  (Plates  III.  and  XL). 

From  tbe  apex  the  tuberculous  process  may  extend  downward,  and 
with  various  fomis  of  lesions  involve  more  or  less  of  the  lungs.  It  is 
common  to  find  at  autopsies  older  fibrous  lesious  about  the  apices  while 
marks  of  more  active  processes  are  to  be  seen  below  (Plate  XII, ).  In  a 
considerable  percentage  of  bodies  examined  at  autopsies,  small  and  often 
healed  tuberculous  foci  are  found  at  the  apex  or  iu  the  bronchial  lymph- 
nodes  without  evidence  of  extension  of  the  process. 

CONCTJEREKT   INFECTION    IN   PULMONARY   TUBERCULOSIS, 

While  it  has  been  definitely  established  that  tubercle  ba«illi  are  the 
excitants  of  both  the  productive  and  exudative  forms  of  tuberculous 
inflammation,  these  bacilli  are  not  infi-eqnently  associated  in  pulmonary 
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Tuberculous  Broncliiectatic  Cavities  in  Pulmonary 
Tuberculosis. 

The  advancing  tuberculous  involvement  of  the  vails  of  the  larger 
bronchi  in  the  upper  lobe  is  associated  with  ulceration,  so  that  the  bron- 
chiectatic  cavities  gradually  become  larger.  In  the  upper  portion  of  the 
upper  lobe  there  is  diffuse  consolidation  with  ca'ieation :  the  lower 
portion  of  the  lobe  shous  miliary  tubercles  and  partial  consolidation  of 
the  lung  about  them  by  exudate. 

The  lower  lobe  xs  free  save  for  a  few  scattered  tubercles.  The 
blood-vessels  are  injected  with  blue  so  that  the  uninvolved  portions  of 
the  lung  are  dark. 
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tnbercQloais  with  other  organisms,  especially  with  the  Streptococcus  and 
Staphylococcus  pyi^enea,  with  Micrococcus  lanceolatus,  and  the  influenza 
bacillus. 

There  is  reason  to  believe  that  in  many  cases  at  least  the  concurrent 
infection  of  tuberculous  lungs  with  the  Streptococcus  pyogenes  may  be  an 
important  factor  in  the  formation  of  cavities  in  areas  of  consolidation 
already  established.'  The  pyogenic  cocci  apparently  play  an  important 
part  in  the  bronchitis  which  so  often  accompanies  acute  and  chronic 
phthisis. 

Artificial  Fulmonarj  TuberculoaiB  in.  Animals. 

Much  light  may  be  gained  upon  the  successive  slcps  in  ilie  development  of  the 
lesions  nf  pulmonary  tuberculosis  as  well  aa  upon  the  rapidity  with  wliich  in  a  suscept- 


Fia.    297.— EXFERIUENTAL     TL'BERrULOrS    IN-  TtO.  2Sg.— EXPXHlUENTikL     TirBI 

TLAUMATION      IMlLUHT)     ].■«     THE     LCSO     OP     A  MiTJON   IN  T][E  LrNO  OF  A   KiBBIT. 

lATge  areas  of  BOlldUlcallon  In  Ibe  luoK  tweatf- 

The  isbbli'a  lung  abows  miliar;  tocl  of  tubenu-  elttbt  days  afier  Uie  lii}c«Ui>ii  thmuKb  tbe  iractaee  of 

kms  InflammaUan,  tveoty-cwi)  days  after  tbe  in-  a  conaldenble  quantity  of  a  pure  eulture  of  Uie  tu- 

Jecthin  ttaroush  tbe  Iraebea  of  a  amall  quantity  of  Iwrcle    bacillus.     Tbe    leslauB    resemble  those  Ot 

brotb  culture  ol  tbe  tubercle  bacillus.  acute  phthisis  in  man. 

Ible  animal  the  lesion  may  develop,  by  the  study  of  the  tuberculosis  artlflrlally  induced 
Id  rabbits  with  pure  cultures. 

'  For  bibliography  o(  concurrent  infection  in  tuberculosis  see  Larligtni'a  article  on  the 
bacleriolojEy,  pathology,  and  etiology  nf  tuberculosis,  "Twentieth  Century  Practice  of 
Medicine,"  vol.  xx.;  also,  for  special bibliographv  of  concurrent  infection  In  pulmonanr 
tuberculosis,  see  Marfan,  Bouchard  and  Brissaud's  'Tralte  de  Medecine,"  t.  vii.,  p.  384. 
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By  tin:  Injection  of  tubercle  bacilli  ulone  anil  associated  witli  streptococci  into  the 
iuugs  of  rabbits  througli  the  trttcbea.  it  has  beeu  possible  to  reproduce  very  closely  the 
lesions  of  pulmonary  tuberculosis  in  man. ' 

If  a  small  quantity  of  a  pure  culture  of  the  tubercle  bacillus  in  very  miuut«  flocculi 
be  mixed  with  a  considerable  i^uautity  of  salt  solution  and  introduced  into  the  lungs 
of  rabbits  tUrougli  the  trachea  a  number  of  small  areas  of  consolidation  are  produced 
which  have  the  gross  appearance  of 
miliary  tubercles  (Fig.  397).  These 
small  areas  of  consolidation  are  com- 
posed of  epithelial  cells  and  ieuco- 
cyles.  After  the  development  of 
these  cell  masses,  whicli  may  occur 
within  a  few  hours,  they  may  remain 
with  little  apparent  change,  or  be- 
come more  or  leas  infiltrated  with  leu- 
cocytes, or  become  cheesy,  or  be  sur- 
rounded by  a  dense  zone  of  small 
spheroidal  cells:  or  small  foci  of  new 
tissue  with  more  or  less  esudale,  and 
necrosis  may  form. 

When  larger  quantities  of  the 
tubercle  bacillus  arc  introduced  into 
tlie  lungs  through  the  trachea  large 
areas  of  consolidation  are  formed 
(Fig.  398).  which  may  involve  whole 
lobes  or  whole  lungs. 

Microscopically,  these  consoli- 
dated areas  are  practically  identical 
with  those  which  are  found  in  man 
in  various  forms  of  tubc-rciilous  bron- 
cho-pneumonia.  A  later  fibrous-tis- 
sue development  may  occur,  and 
blood-vessels  may  be  obliterated. 

In  the  presence  of  the  tiil>ercle 
bacillus  alone  the  consolidated  and 
caseous  areas  rarely  soften  and  break 
down  so  OS  to  form  cavities.  If.  how- 
ever, after  the  tuberculous  lesion  of 
the  lung  has  been  induced  and  allowed 
to  continue  for  a  number  of  days,  a 
culture  of  Streptococcus  pyogenes  be 
introduced  into  the  trachea  of  tlie  lab- 
bit,  within  twenty-four  hours  the 
caseous  areas  often  begin  to  soften. 
The  softening  may  begin  at  the  cen- 
tre, or  may  surround  a  central  por- 
tion of  the  necrotic  moss.  The  softenin;^  Is  soon  followed  by  absorption,  and  so  cavi- 
ties are  formed  of  varying  sizes  and  shapes  (Fig.  389). 

It  will  thus  be  seen  that  in  the  rabbit  a  concurrent  infection  with  the  tubercle  bacU- 
lus  and  tlie  streptococcus  has  an  important  bearing  upon  the  brealiing  down  of  lung 
tissue  which  leads  to  the  formation  of  cavities.  While  it  would  not  be  wise  to  assume 
from  these  experiments  on  the  rabbit  that  a  similar  condition  is  always  present  when 
cavities  form  in  man.  we  have  seen  that  in  fact  a  similar  concurrent  infection  in  man  in 
acute  phthisis  actually  does  often  exist. 

'  Pr'iditen,  New  York  Medical  Journal,  July  7th,  1894. 


or  C*V[T1I1B. 

Tbe  lung  WBS  lnj«rled  nltb  a  cooslderatile  quanUtr  o[ 
lubercle-baclllus  culture  thmuKh  ine  trarti«.  lollowed 
after  twenty-eight  dayB  bj  the  Jojeotlnn  ot  th«  broth  cul- 
ture of  tbe  StrepIoconruB  p!U<!etits.  Animal  killed  aereu 
days  Biter  the  wreputcoorua  injection.  Tbe  specimen 
aviiles.    Tbe 
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Pulmonary  Tuberculosis — Exudative  Type — with  Large  Cavities. 

The  etilire  lung  is  solid  from  new-fonned  tubercle  tissue  and  exudate  which  are  1x>th 
largely  in  a  condition  of  coagulation  necrosis. 

I'lie  thickened  trunks  of  the  larger  pulmonary  vessels  are  exposed  in  the  depths  of 
the  ragged  communicating  cavities. 

This  lung  was  liardened  in  akoho]  without  injection  of  the  blood-vessels. 
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Syphilitic  Pneumonia. 


PersoDB  suffering  from  inherited  or  acquired  syphilis  sometimes  de- 
velop inflammations  of  the  lungs  which  seem  to  be  due  to  the  sypbilitic 
infection.     The  lungs  may  then  be  affected  in  several  different  ways. 

There  may  be  well-defined  large  or  small  gummata  with  or  without 


Flo.  Stn.— Endothelioua  or  thk  Plkiha. 

Staowlng  ttae  tmivtb  ot  tbe  tumor  a]oag  lim  guperflcial  Lrmpb-veawlB. 

interstitial  and  more  or  less  exudative  pneumonia.  There  may  be  a  for- 
mutiuu  of  new  fibrous  tissue  in  the  walhi  and  lung  tissue  about  the  bronchi, 
often  with  ulceration  of  the  mucous  membrane  and  distortion  of  these 
structures.  There  may  be,  particularly  in  the  new-born,  lobular  or  lobar 
hepatization,  the  affected  region  appearing  rCtldish  or  gray  or  white. 
This  is  due  to  a  growth  of  new  cellular  tissue  in  the  walls  of  the  air 


FlO.  801.— ENDOTHELlOMi  OF  THK  LUNH. 
Tbe  rrowib  Is  In  the  subpleurU  lynipli-vHgele.  wbicb  seen  troin  tbe  pleural  surface  la  the  (r«9b  lung 
rormed  a  while  raised  network  oier  a  wmslderable  porUon  or  oae  lUDg.    Tbe  Ijmph-Tamels  In  tbe  cut  ira 
Bei>n  lb  (nmsveise  eectlDD. 

spaces  and  to  an  exudate  largely  of  epithelial  cells  in  the  airspaces.     In- 
farctions of  the  lung  from  obliterating  endarteritis  may  be  present.     It 
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is  often  ^fficult  to  determine  iu  mauy  cases  of  interstitial  inflammatioii 
of  the  luugs  whether  the  lesion  be  syphilitic  or  not.' 


Fibroma  and  osteoma  are  rare.  Eaohondroma  may  occur  aa  a  primary 
tumor  originating  in  the  cartilages  of  the  bronchi.  Sarcoma  ia  not 
common  and  is  usually  sec- 
ondary. "Lymphoma"  may 
develop  in  the  lungs  iu  leu- 
kfemia  and  pseudo-leukEemia. 
Endothelioma  is  of  occasional 
occurrence  in  the  Inng  and 
following  the  subpleural 
lymph- vessels  may  fonn  a 
reticular  raised  white  net- 
work on  the  surface  of  the 
lung  (Pigs.  300  and  301). 
Adenoma  as  a  primary  tumor 
is  rare.  Primary  carcinoma 
of  the  lung,  originating  in 
the  bronchi,  is  of  occasional 
occurrence.'  It  may  be  as- 
sociated with  exudative 
pneumonia  and  in^'olve  large 
portions  of  the  lungs  as 
well  as  the  pleura.  Second- 
ary carcinoma  of  the  lung 
is  not  infrequent.  The 
malignant  growths  iu  the 
lung  may  occur  as  circnm- 
Bcribed  nodular  masses,  dis- 
placing the  lung  tissue  (Fig. 
302),  or  they  may  infiltrate 
the  lung,  often  following  the 
bronchi  and  lai^er  blood- 
vessels. The  cells  of  such 
tumors  often  grow  into  and 
fill  up  the  air  spaces  of  the 
lung,  over  large  areas,  without  immediate  involvement  of  their  walls.' 
Dermoid  cysts  have  t>een  found  in  the  lung. 


no.  302.— SKCONDIHT  CARCMOMA  OP  THE  LfNO. 

Tbe  primary  luraor  Involved  Ibe  gall  ducw,  liver,  and 
pancreas.  The  meUslatic  luinore  Id  Uib  IuqB  vere  In 
part  nblle,  Id  part  dark   red  from  InlerBtltlal  bemor. 


I  For  recent  bililiogmphy  of  pulmonary  ayphilia  consult  Floelcemann,  Ceatralbi.  f. 
PatL.  und  path.  Anat..   Bd.  x.,  p.  449,  1898. 

'See  Paailer.  Vircli.  Arch..  Bil.  cxlv.,  p.  191,  1896,  bibliography. 

'ForaconsideratioB  of  the  diagnosis  of  malignant  tumors  of  the  lung  conaait  Adler, 
New  York  Medical  Journal,  February  8ih  and  15th,  1898,  bibliography. 
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Pulmonaiy  Tuberculosis  (Chronic),  with  Large  Cavities. 
Tagged  communicating  cavities  involve  a  Urge  part  of  the  hing  and  aie  broncbiec- 
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Chronic  Pulmonary  Tuberculosis  with  a  Fibrous- Walled 
Cavity  at  the  Apex. 
The  fibrous  wall  of  the  cavity  is  dense  and  is  continuous  with  the 
greatly  thickened  pleura  and  with  the  diffuse  new-formed  connective 
tissue  throughout  the  upper  lobe.  The  upper  lobe  is  greatly  reduced  in 
size  by  the  cicatricial  contraction  of  the  fibrous  tissue.  The  tower  lobe 
shows  two  areas  of  tuberculous  consolidation ;  both  are  caseous  in  the 
central  portions;  the  upper  shows  commencing  tuberculous  bronchiec- 
tasia.  The  upper  part  of  the  librous  wall  of  the  cavity,  firmly  adherent 
to  the  thoracic  wall,  has  been  cut  away. 
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IinxAHHATION. — Suppurative  mflaminalion  may  occur  ^ther  In  the  anterior  or 
posterior  mediastinum.  It  may  be  caused  by  fractures,  caries  or  necrosis  of  tbe  ster- 
num aud  vertebne,  by  perforation  of  tlie  cesopbagus.  by  suppuration  of  the  lymph- 
nodes,  by  pleurisy,  or  may  occur  without  discoverable  cause. 

The  pus  may  infiltrate  the  connective  tissue,  or  may  form  alracesses  nhich  may 
attain  a  hirge  size.  The  inflammation  may  extend  to  the  pleura  or  the  pericardium, 
tbe  al)sceBse3  may  displace  tbe  heart,  the  lungs,  or  the  sternum;  or  they  may  perforate 
through  the  skin,  into  a  pleural  cavity,  the  oesophagus,  the  trachea,  or  a  bronchus.' 

A  few  cases  of  chronic  inflammation  of  the  tissues  of  the  mediastinum  have  been 
reported — chronic  mediastinitis.' 

Tduors. — The  moat  common  form  of  new  growth  in  the  mediastinum  la  tliat 
known  by  tbe  names  of  Igmplioma,  Ij/mpho-tarwma,  and  Igmph-adeiu/ma. 

These  tumors  are  conflned  to  the  medlastiaum,  or  tbey  are  associated  with  similar 
growths  in  other  parts  of  the  body  in  the  disease  called  "  pseudo-leu  ksmia,"  Persons 
between  the  ages  of  twenty  and  thirty  years  seem  to  be  the  most  liable  to  the  growth, 
but  it  is  also  not  uncommon  in  children. 

It  begins  In  tbe  lymph  nodes  in  the  mctliasiinum,  and  at  the  root  of  the  lung. 
It  increases  at  first  slowly,  then  more  rapidly,  und  gradually  inflltnites  the  adjoining 
tissues.  In  this  way  the  walls  of  tbe  trachea,  bronchi,  and  aorta,  tlie  pericardium,  tbe 
pleura,  and  the  lung,  bccomi:  infiltrated  with  compression  of  the  surrounding  organs. 

The  growth  is  composed  of  a  fibrous  stroma  associated  with  small  round  cells,  the 
relative  quantity  of  cells  and  stroma  varying  in  tbe  different  cases. 

Besides  this  form  of  tumor  there  may  also  occur  in  the  mediastinum  tumors  similai 
to  those  which  grow  in  the  pleura  and  behind  tbe  peritoneum — tumors  which  resemble 
both  the  sarcomata  and  carcinomata,  and  which  it  is  difScult  tn  classify.  Aberrant 
thyroid-gland  tissue  may  be  found  in  the  mediastinum. 

Complex  tumors  belonging  among  the  ftetal  IdcIusIods  or  teratomata  are  of  occa- 
sional occurrence  in  the  anterior  mediastinum.*  They  may  c-ontain  bone,  cartilage,  con- 
nective tissue,  muscle,  hairs,  skio,  etc.  Cysts  sometimes  lined  with  ciliated  epitlieltum 
may  form  in  such  tumors,* 

'  For  tuberculous  lesions  of  the  tracheo-broncbial  lymph-nodes  see  reference,  p. 
442. 

'Whipham.  Lancet,  1899,  vol.  i,,  pp,  882,  947,  bibliography. 

'Sec  MandMMum.  Am,  Jour,  Med,  Sciences,  vol,  cxx,,  p.  64,  19C0. 

'Consult  Hare,  "Tumors  of  the  Mediastinum, "  Philadelphia,  1S89;  aXso  Zakn,  Vlr- 
chow'*Archiv,  Bd.  cxliii.,  pp,  170  and  418,  1898;  also  LohriKh,  I.ubarsch  and  Oster* 
tag's-^ge'    ■       ■•  "  '        - "  •""•    -    -»-'■-' 


"  Jahrg-  vii.,  1900-1901,  p.  912,  bibliography. 
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CHAPTER  Vn. 

THE  DIOESTIVE  SYSTEM. 


MalfomuitionB. 

Malforiiations  of  tlie  Hps  and  cheeks  are  usually  associated  with  defectiTe  forma 
Hod  of  the  bones  of  the  mouth.  The  entire  process  is  generally  due  to  an  arrest  of  de- 
velopment. 

1.  The  lower  Jaw  Is  absent;  the  upper  jaw  and  hard  palate  are  small  and  imper- 
fectly formed ;  the  temporal  bones  nearly  touch  in  the  median  line.  The  lower  part  of 
the  face  is,  therefore,  wanting;  ibe  mouth  is  absent,  or  small  and  closed  posteriorly; 
the  tongue  is  absent.     Such  a.  malformation  is  rare ;  the  foetus  is  not  viable. 

3.  Tbe  faceremains  In  itsearlyf<£tal  condition  of  a  largecleft;  the  mouth  and  nose 
form  one  cavity :  the  orbits  may  be  united  in  the  same  cavity.    The  fcetus  is  not  viable. 

3.  There  is  a  cleft  iu  the  upper  lip,  upper  jaw,  and  bard  palate.  The  cleft  corre- 
sponds to  the  point  of  junction  of  the  processes  of  the  superior  maxilla  with  the  inter- 
maxillary bone.  There  may  be  one  cleft  or  two,  one  on  either  aide  of  the  intermasillary 
bone.  The  cleft  involves  the  lip  alone,  or  the  lip  and  superior  maxilla,  or  the  lip,  max- 
illa, and  palate.  There  may  be  a  single  or  a  double  cleft  in  the  palate,  and  the  cleft 
may  involve  either  the  hard  or  soft  palate,  or  both.  If  there  are  two  clefts  of  the  lip 
and  maxilla  the  portion  of  lip  and  bone  between  them  may  be  small,  or  entirely  absent 
so  as  to  leave  a  large  open  space.  The  soft  palate  may  be  entirely  absent.  This  is  a 
common  malformation  and  does  not  ('ndanger  life. 

4.  Rarely  we  find  a  cleft  Involving  the  middle  of  the  lower  lip,  and  sometimes  ex- 
tending into  the  Inferior  maxilla. 

5.  Either  the  inferior,  thesvipmor,  or  both  mamillary  bones  may  beabnormally  small. 

6.  The  edges  of  the  lips  may  be  partly  or  completely  joined  together.  The  open- 
ing of  the  mouth  may  be  only  a  round  hole. 

7.  The  lips  may  be  absent  or  imperfectly  developed. 

8.  Thecomers  of  the  mouth  may  be  prolonged  by  defts  In  the  cheeks  nearly  to  the 


DfFLAWWATION.    (Stomatitia.) 

Catarrhal  StomatitiB  is  most  frequent  ia  children  and  occurs  with  a 
great  variety  of  local  and  general  disturbances. 

During  life  the  congestion  and  swelling  of  the  mucous  membrane  may 
be  well  marked  aud  there  are  often  white  patches,  produced  by  the  death 
of  the  superficial  epithelial  cells.  There  may  be  an  increased  production 
of  mucus,  or,  instead  of  this,  the  entire  mucous  membrane  is  unnaturally 
dry.  In  addition  to  hypertemia  aud  local  oedema  there  may  be  prolifer- 
ation, exfoliation,  and  degeneration  of  the  epithelium. 

Extravasated  leucocytes  may  infiltrate  to  a  moderate  d^ree  the 
stroma  of  tiie  mucous  membrane  and  appear  upon  its  surface.     Small, 
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clear  vesicles  may  fonn  beneath  the  epithelium  from  the  collection  of 
serous  exudate. 

CronpooB  StomatitiB  is  incited  hy  local  irritants,  hy  local  infection,  or 
by  the  extension  of  the  same  form  of  inflammation  from  the  pharyux ;  it 
Ireqitently  occurs  with  diphtheria  and  other  infectious  diseases. 

Portions  of  the  mucous  membrane  are  swollen  and  congested,  and 
covered  with  a  false  membrane.  This  false  membrane  is  composed  of  a 
thickened  layer  of  epithelium  in  the  condition  of  coagulation  necrosis, 
and  of  fibrin  and  pus  in  variable  relative  quantity.  The  stroma  of  the 
mucous  membrane  may  be  infiltrated  with  pus  and  fibrin,  and  portions 
of  it  may  become  necrotic. 

Aphthoaa  Stomatitis. — In  this  condition  small  whitish  projecting 
patches  surrounded  by  a  zone  of  hyperseraia  may  form  npon  the  mucous 
membrane.  These  consist  of  a  more  or  less  fibrinous  exudate  beneath 
the  epithelium  which  may  exfoliate,  leaving  small  nlcers. 

Uleeratlve  Stomatitis. — This  form  of  stomatitis  is  apt  to  occnr  in  ill- 
nourished  children  or  in  young  adults,  in  scuny,  or  in  mercurial  poison- 
ing. It  usually  begins  at  the  mai^in  of  the  gums  of  the  lower  jaw  and 
extends  to  the  cheeks  and  tongue.  The  affected  parts  are  swollen  and 
coated  with  a  grayish,  soft  pellicle  corapased  of  bacteria  and  necrotic  tis- 
sue. The  gums  may  be  destroyed  aronnd  the  teeth,  and  these  may  fall 
out.  The  surrounding  soft  parts  are  swollen,  and  there  may  be  necrosis 
of  the  jaws. 

In  Noma  or  Oangrenoiu  Stomatitis  similar  changes  may  be  associated 
with  extensive  gangrenous  destruction  of  the  cheeks.  This  most  often 
occurs  in  young  children  in  connection  with  measles,  scarlatina,  or  ty- 
phoid fever.  It  has  been  claimed  that  a  special  micro-organism  is  the 
excitant  of  this  disease,  but  this  has  not  yet  been  proven. 

Thntsh.  (6001;  Parasitio,8tomatltu.)^In  ill-nourished  children  orin 
adults  suffering  from  chronic  disease  a  fungus  related  to  the  yeasts — 
oidium  aS>imm — may  grow  among  the  epithelial  cells  of  the  mouth,  form- 
ing white  membranous  patches.  These  may  involve  large  areas  of  the 
mouth  and  pharynx  and  may  extend  to  the  cesophagus  or  upper  respira- 
tory passages. 

Fblegmonoas  Stomatitis. — Exudative  inflammation  of  the  mouth  may 
result  from  infected  wounds,  in  connection  with  erysipelas  or  suppura- 
tive or  other  infectious  process  near  the  mouth.  Various  pyogenic  bac- 
teria may  be  its  excitants. 

Chronio  Stomatitis. — This  may  follow  acute  catarrhal  or  other  inflam- 
matory processes,  and  may  be  due  to  persistent  irritation,  for  example, 
from  the  use  of  tobacco.  Owing  to  hyperplasia  of  the  epithelitun  and 
submucous  tissue  white  patches  of  varying  extent  may  form  on  the 
tongue  or  elsewhere — leuco^akia  buccalig.  These  through  excessive  in- 
crease in  the  epithelium  may  project  in  wart-like  form  from  the  surface 
— ichlhyogU. 

Tuberculous  Stomatitis  commences  with  the  formation  of  miliary 
tubercles  or  of  larger  tuberculous  masses  in  the  stroma  of  the  mucous 
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membrane.      These  masses  soon  degenerate,   soften,  and  form  r^ged 
ulcers. 

Syphilitic  Stomatitis. — As  a  result  of  syphilis  there  may  be  produced 
either  the  so-called  mucous  patches  or  gummy  tumors.  In  the  mucous 
patches  the  epithelial  layer  is  at  first  thickened  and  the  papillfe  of  the 
stroma  are  swollen  and  infiltrated  with  cells  (see  Fig.  128,  page  257  and 
Fig.  129,  page  258).  This  may  be  followed  by  desquamation  of  the 
epithelium  and  ulceration. 

TUUOBS. 

Fibroma,  lipoma,  and  enohondroma  have  been  seen  in  a  few  cases  in  the 
lips.     When  they  appear  in  the  mouth  they  usually  grow  from  the  bones. 

Papilloma  occurs  most  frequently  at  the  edges  of  the  lips,  but  is 
also  fouud  on  the  gums,  the  floor  of  the  mouth,  and  the  cheeks.  Tliey 
are  formed  of  hypertrophied  papillae,  covered  with  thickened  epidermis. 
They  of  ten  ulcerate.  Angioma,  either  congenital  or  developed  after  birth, 
occurs  in  the  lips.  Adenoma  may  be  formed  in  the  mucous  membrane 
covering  the  mouth,  lips,  and  soft  palate.  The  tumors  are  rouuded, 
usually  small,  sometimes  as  large  as  a  hen's  egg.  They  may  be  situated 
in  the  thickness  of  the  mucous  membrane,  or  project  in  a  polypoid  form. 

Caroinoma  is  of  frequent  occurrence  and  is  usually  of  the  epithelioma- 
tous  form.  Such  tumors  may  form  at  any  part  of  the  mucous  membrane 
of  the  inoutb,  but  often  begin  in  the  edge  of  the  lower  lip  as  a  result  of 
persistent  irritation,  as  in  pipe  smokers. 

They  may  originate  in  an  ulcerating  papilloma,  or  as  a  flat,  super- 
ficial growth  from  the  deejter  layers  of  the  epithelium,  or  as  deep  nod- 
ules starting  in  the  mucous  glands.  They  are  composed  of  lai^  masses 
of  epithelial  cells,  closely  packed  tf^ther,  often  forming  nests,  and 
arranged  in  anastomosing  tubular  masses.  The  stroma  surrounding 
these  ma.(!.ses  is  infiltrated  with  cells.  In  a  few  coses  the  infiltration  of 
the  stroma  with  small  round  cells  may  be  ^'ery  marked,  so  marked  that 
the  epithelial  growth  may  be  obscured.  The  new  growth  may  increase 
in  size,  ulcerate,  infiltrate  the  adjacent  tissues,  and  may  give  rise  to 
metastatic  tumors. 

Cyita. — Dermoid  cysts  and  cysts  of  the  embryonal  branchial  clefts 
may  involve  the  mouth.  Simple  cysts  may  form  in  the  jaws  from  aber- 
raneies  in  the  development  of  the  teeth.  For  a  description  of  tbe  so- 
called  adamantinoma  see  page  349. 

The  Tongue. 

Halformatioufl . 

Absence  of  the  tongue  may  be  associated  witU  the  extreme  defects  of  development 
of  the  face  already  mentioned. 

The  anterior  portion  of  the  tongue  may  be  absent  wliile  its  base  remains.  The 
lower  jaw  is  then  small. 

The  tongue  may  be  partly  or  r-omplciely  adherent  to  the  floor  of  the  inoulb.    The 
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frenulum  may  be  abnormallj-  aliort.  or  may  extend  fo  the  tip  of  the  tongue.  In  rare 
cases  the  sides  of  the  tongue  arc  adherent,  or  its  upper  surface  may  be  adherent  to  the 
roof  of  the  mouth. 


HTFEBTBOFHT  AND  INTLAHUATIOH. 

Macroglossia,  or  hypertrophy  of  the  tougue,  is  almost  always  a  con- 
genital lesioD,  and  is  especially  coninioD  iu  cretins.  Tbe  tongue  may  be 
80  large  that  it  protrudes  through  the  lips.  The  lips  may  also  be  simi- 
larly enlarged.  There  is  hyperplasia  of  the  fibrous  and  other  tissues  of 
the  tongue,  and  in  addition  to  this  there  may  be  a  dilatation  of  the  lym- 
phatic vessels. 

Inflammation  of  the  tongue  may  be  associated  with  similar  changes  in 
the  month,  or  may  occur  by  themselves. 


TITUOBS. 

Cyflte. — The  most  common  forms  of  cysts  are  the  sacs  beneath  or  partly 
in  the  substance  of  the  tongue — ittnuln.  They  are  fonned  by  dilatation 
of  the  ducts  of  the  mucous  glands,  or  of  the  submaxillary  and  sublingual 
glands.     Amyloid  tiunon  of  the  tongue  have  been  reported, ' 

Lipoma  and  fibroma  are  rare.  Thej-  form  nodules  in  the  substance 
of  the  tongue  or  project  iu  a  polypoid  fonu.  Composite  tumors,  com- 
posed largely  of  fat,  are  found  on  the  tongue  as  a  congenital  condition. 

Ai^ioma, — Cavernous  vascular  tumors  are  found  in  tbe  substance  of 
the  tongue  and  projecting  from  its  surface. 

Sarcoma  is  not  common  in  this  situation,  but  may  occur  both  iu  chil- 
dren and  in  adults.  Caroiaoma,  usually  of  the  epithelioiuatous  type,  may 
originate  in  the  tongue  or  may  extend  to  it  from  the  adjacent  tissues. 


laOBO-OBOAHISHS  IK  THE  KOUTH. 

Micro-organisms  of  \ariou8  forms— bacteria,  moulds,  and  yeasts — are 
always  present  in  the  mouth,  often  in  euormous  numbers.  They  are  for 
the  most  part  not  of  significance  sa\e  for  the  pntrefacti\'e  processes 
which  they  initiate  and  maintain  in  mouths  not  projierly  cleansed.  On 
the  other  hand,  Staphylococcus  and  Streptococcus  pyogenes  and  the  pneu- 
mococcus  are  of  frequent  occurrence  in  the  mouths  esi>ecially  of  those 
who  live  in  towns  and  crowded  dwellings,  and  while  usually  harmless, 
they  may  under  favorable  conditions  become  excitants  of  serious  disease. 

The  tubercle  bacillus  may  be  present  in  the  mouth  as  well  as  in  the 
nose  of  those  who  care  for  uncleanly  consumptives. 

Tlie  fungus  of  aphtha  (soor).  and  leptothrix,  which  under  usual 
conditions  ai*  not  harmful,  may  incite  serious  local  disease. 

ili.,  p.  808,  18B6,  bibliography  of  amyloid 
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The  so-called  Mycosis  pharyngis  is  apparently  dae  to  tlie  growth  in 
susceptible  persons  of  a  form  of  leptothrix  not  yet  thoroughly  studied, 
on  acconnt  of  the  technical  diflQculties  in  the  way  of  its  artificial  cultiva- 
tion.' 

The  Pharynx. 

Kalformatioa*. 

Branchial  Fistul*  and  Cyots.— When,  as  not  tnfrequentl]' occurs,  the  embry- 
onal gill  clefts  do  Dot  properly  close,  fittula  may  remain.  These  may  in  rare  cases  be 
complete,  so  that  an  opening  exlstn  from  the  ptiarynx.  larynx,  or  trachea  to  the  aide  of 
the  neck.     More  frequently,  however,  these  fistiilai  arc  incomplete  and  sliallow,  and 


open  either  Inward  Into  one  of  the  above-named  organs  or  outward  on  to  the  neck. 
Small  portions  of  the  gill  clefts  may  jHtrsiat  without  external  openings,  and  from  these 
sul>cutaneous  cysts  of  the  neck  are  often  developed.  Ur  a  portion  of  the  cleft  may  he 
cut  olT,  forming  a  cyst,  wbile  the  flstuta  persists  with  its  external  opening. 

The  walls  of  these  flstnlte  and  cysts  may  be  covered  with  mucous  membrane  having 
cylindrical  or  Hattencd  or  ciliated  surface  cells.  Or.  when  formed  from  the  outer  clef  iS, 
they  may  be  lined  with  skin. 

Not  infrequently  the  walls  of  these  cysts  and  flsCulie  are  embedded  In  lymphatic 
tissue,  which  may  be  diffuse  or  gathered  in  nodnlar  form  (see  Pigs.  8<(8  and  8<M).' 

DrvEBTicrLA  of  the  pharynx  liave  been  observed. 

'  For  a  resume  with  bibliography  of  the  bacteiia  foimd  in  the  mouth  as  well  as  in 
other  parte  of  the  bodv  under  normal  and  patliologic^ti  conditions,  see  Maei,  "  Bacteriol- 
ogie,"  1801,  p.  1140.  'See  also  Madzoar,  Cbl.  f.  Bak.,  May  14tli.  1902,  p.  489.  For  hae. 
teriain  the  months  of  nurslings  aae  I,eirkoiHct.  Arch,  de  M&l,  Exp.,  t.  xiii..  1901,  p.  6SS. 

<  For  bibliography  of  branchial  cysts  and  flstulte  see  Qtptin.  Proc  Path.  Soc.  of 
Philadelphia,  new  senes,  vol.  iv.,  p.  109,  1901. 
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UraTiAtntATIOy.    (Phuyngitia.) 


Catarrhal  Fharyn^tu  is  usually  associated  with  the  same  foriuB  of 
inflammation  in  the  mouth  and  has  similar  characters. 

Id  catarrhal  inflammation  involving  the  tonsils  and  those  portious  of 
the  pharynx  richly  supplied  with  the  so-called  submucons  adenoid — 
lymphoid — tissue,  lencocytes  may  in  considerable  numbers  pass  through 
the  thin  epithelial  layer  and  mingle  with  the  exudate  upon  the  exposed 
surface. 

In  chronic  inflammation  of  the  pharynx  there  may  be  a  large  and 
permanent  hyperplasia  of  the  lymphoid  tissue,  with  more  or  less  dense 


fibrous  tissue,  leadiug  to  diffuse  or  circmnscribed  nodnlar  or  peduncu- 
lated masses  of  vascular  new  tissue  in  the  vault  or  elsewhere  in  the 
pharynx,  called  "  iideuoids. " ' 

Phleg^onoaB  Fharyngitit  may  occur  with  inflammations  of  the  mucous 
membrane'  with  caries  of  the  cervical  vcrtebrte,  with  inflammation  of 
the  cervical  and  parotid  glands,  with  periostitis  of  the  cranial  bones,  or 
it  may  occur  independently.  It  may  result  in  swelliug  and  cedema,  in 
induration,  or  in  snppumtion.  It  is  most  important  when  it  affects  the 
posterior  wall  of  the  pharjiix  and  forms  retro -pharyngeal  abscesses. 
Such  abscesses  may  cause  death  by  suffocation. 

Diphtheritic  FharyngitiB  is  that  form  of  pseudo-membranous  or  croup- 
ous inflammation  of  which  the  B^u^ilhis  diphtheriie  is  the  excitant.  The 
general  characters  of  the  diphtheritic  infection  have  been  considered  in 
au  earlier  part  of  this  book.     The  local  process  often  affecting  the  fauces, 

'  For  a  study  of  Xiw  uvula  in  vaiious  abuormal  CDDilitlODB  see  Hoen,  Jour.  Ijixp. 
Med.,  vo).  iii,.  p.  549.  I89S. 
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pharyox,  and  tonsils,  may  involve  the  mouth  as  well  as  the  larynx  and 
trachea.     (For  details  of  the  local  lesion  see  page  269.) 

Tonsillitis. — The  tonsils  may  share  in  the  iuflaminatory  processes  of  the 
pharynx  or  be  iiidepeudently  affected.  The  structural  characters  of  the 
tonsils  render  them  liable  to  infection  and  involve  certain  peculiarities  iu 
the  lesions.' 

Is  Follicular  Tonsillitis  the  swollen  oi^n  shows  upon  section  an 
increase  in  the  number  of  the  IjTiiphoid  cells  of  the  nodules  and  an 
hyperplasia  of  the  endothelium  of  the  reticidum.  These  new-formed 
aud  often  exfoliated  endothelial  cells  are  similar  to  those  found  in  the 
lymph-nodes  in  general  in  the  presence  of  bacterial  or  other  toxic  sub- 
stances. There  may  be  an  increase  in  the  cells  of  the  stroma  of  the  ton- 
sil. The  epithelial  cells  of  the  surface  and  the  crjpts  may  increase  iu 
number  and  exfoliate.  Epithelial  cells  and  leucocytes  and  other  forms 
of  exudate  may  gather  in  the  crj'pts  or  over  the  surface  of  the  tonsil, 
forming  white  plugs  or  a  whitish  pellicle.' 

In  Exudative  Tonsillitis  (suppurative  or  phlegmonous  tonsillitis, 
quinsy)  there  are  in  addition  to  hyperplasia  and  catarrhal  iutlammation 
oedematons  swelling  aud  suppuration  often  leading  to  abscess. 

Acute  inflammation  of  the  pharynx  and  tonsils  is  usually  infectious 
in  character,  and  may  be  due  to  various  fonns  of  pyogenic  and  other 
oi^nisms.  Thus  in  tonsillitis  and  other  forms  of  acute  angina,  the  most 
common  micro-organisms  concerned  are  Streptococcus  and  Staphylo- 
coccus pyogenes,  the  pneumococcus,  and  the  Micrococcus  tetrageuus. 
Many  other  forms  have  been  isolated.* 

Iu  Chronic  Tosbillitis  (the  so-called  hypertrophy  of  the  tonsils) 
there  is  hyperplasia  of  the  lympb-nodules  with  inci-ease  iu  the  fibrous 
stroma.  The  mouths  of  the  crypts  may  be  occluded  and  distended  with 
exfoliated  cells  and  cell  detritus;  these  may  become  calcified.' 

Tabercolons  Pharyngitis.— Tuberculous  iuflanimation  of  the  pharynx 
maybe  primary  or  secondary  to  tuberculous  lesions  elsewhere;  ulcers 
may  form  and  the  tonsils  may  ha  involved. 

The  hypei-plasiie  of  the  pharyngeal  mucosa  in  children,  commonly 
called  "adenoids,"  ha^■e  Ijeeu  found  in  a  considerable  inimber  of  cases  to 
be  tuberenlons.  \\Tiether  iu  these  instances  the  lesion  is  tuberculous  in 
origin  or  whether  the  hyperplastic  tissue  affords  a  portal  of  entry  and 
local  vulnerability  to  infection  by  the  tubercle  bacillus  is  uot  yet  clear.' 

'  Consult  Bobrmcolitki.  "Lymph  Nodules  of  the  larynx,  (Eaophagua,  etc.."  Zieglcr'a 
BoitrHgi;  z.  patli.  Anat.,  Bd.  xvL,  p.  48.  1U94. 

•liee  IMenpyl.  "Anatomy  and  Plivsiolngy of  the  Faucial  Tonsils,"  Am.  Jour.  Med. 
Sciences,  vol.  d.,  p.  257,  1881;  also  P<i<^kniii,  PliJladelpliia  Me<l.  Jour,  vol.  v..  1900. 
pp.  BU.  957. 

'Consult  for  bacteriology  of  angina  iMrltgmi,  Pliiladelphia  Med.  Journal,  vol.  iil., 
p.  899,  1899,  bibliographv ;  for  a  stiuiv  of  acute  tonsillitis  sc-c  Ooodalc,  Jour.  Boston 
Soc.  Med.  Sciences,  vol.  hi.,  p.  63,  1899. 

'For  rfisunie  of  tonsillar  caieuli  with  bibliography  see  RiMntan,  British  Med.  Jour., 
1899.  vol.  i..  p.  14. 

'  For  a  study  of  hyperplasia  of  tlie  pharyngeal  lymphoid  tissue  (adenoids)  with 
reference  to  primarj-  tuberculosis  of  the  pharyngeal  tonsil  see  Liirtigaii  and  HicoU,  Am. 
Jour.  Med.  Sc,  vol.  cxxlii.,  1903,  p.  1031.  bibliography. 

Men  (or  a  Study  of  the  tonsils  as  portals  of  entry  of  tubercle  bacilli  see  «.  SeAeiber, 
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The  poesibility  should  be  borne  in  mind  that  from  tuberculous  "ade- 
noids" tubercle  bacilli  may  pass  through  the  lymph-channels  to  the 
bronchial  lymph-Dodes,  and  that  the  pharynx  may  thus  be  a  more  impor- 
tant portal  of  entry  in  tuberculosis  than  has  been  hitherto  recognized. 


TUHOBS. 

Fibromata  grow  ftY>m  the  periosteum  of  the  tKtnea  at  the  base  of  the 
skull,  and  project  into  the  cavity  of  the  pharynx  and  posterioi'  nares  in 


Tig.  305.— "adisoid"  Polyp  of  Phartnx. 

the  form  of  large  polypoid  tumors.  Soft  polypoid  tumors,  consisting 
largely  of  loose  succulent  connective  tissue  and  lymphatic  tissue  and 
often  called  "adenoid  polyps"  (see  Fig.  305),  are  of  frequent  occurrence. 
They  are  usually  to  be  regarded  rather  as  hyperplasise  than  true  tumors. 
Hairy  polyps  of  the  pharyux  have  been  described  by  Arnold '  and  others. 

Ziegler'sBeitr.,  Bd.  xxvt.,  p.  511,  18M;  a}60  Friedemann.  ibid..  Bd.  Jtitviii..  p.  66,  1900. 
Also  bibliograpby  in  Wood,  Bull.  UniT.  Penna.,  vol,  xvi.,  1908.  p.  888.  See  also  ref- 
erence to  Orober,  p.  486. 

For  general  bibliography  on  the  toDsila  see  CUinan,  Medical  News,  January  26th, 
1901,  p.  187. 

'  Arnold,  Virchow'a  Arch.,  Bd.  cxl.,  p.  176.  bibliography. 
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The  occurreDce  of  cartilage  and  bone  in  the  tonsil  has  been  cleseribed  by 
Stoeltzuer. 

Sarcoma,  carcinoma,'  and  various  tumors  of  mixed  type  are  of  fre- 
queut  ocourrenee  in  the  pharynx.' 


The  QSsophagus. 

Kalformatiou*. 

The  oesophagus  may  be  entirely  absent,  or  lis  lower  portion  may  be  present  and 
Joined  to  the  pharynx  by  a  aolid  cord ;  or  the  pharynx,  or  the  lower  pari  of  tJie  (esoph- 
agus, may  be  continuous  with  the  trachea;  or  the  entire  oesophagus  may  be  represented 
by  a  solid  cord.  Dilatations  of  the  (Esophagus  and  division  of  the  middle  portion  of  the 
(esophagus  into  two  branches  have  been  observed. 

PEBFOKATIOM  AND  BUPTUBE. 

Foreign  bodies  in  the  (esophagus  may,  as  already  mentioned,  perfo- 
rate its  wall.  Perforation  of  the  (esophagus  from  without  may  be  pro- 
duced by  infiamed  bronchial  glands,  by  the  extension  of  cavities  and 
gangrene  of  the  lungs,  by  abscesses  in  the  mediastinum,  by  abscesses 
accompanying  caries  of  the  vertebrae,  and  by  aneurisms  of  the  aorta. 
Rupture  of  the  wall  of  the  (esophagus  by  violent  coughing  and  vomiting 
has  been  described,  but  it  seems  improbable  that  this  should  occur  with- 
out some  previous  local  lesion.'  A  few  cases  of  perforating  ulcer  of  the 
oesophagus  have  been  recorded, 

HSHOBBHAOE. 

Aside  from  injuries,  ulceration,  etc.,  hfeniorrhage  may  take  place 
from  the  veins  of  the  (esophagus,  which,  especially  in  atrophic  cirrhosis, 
may  t>e  much  dilated.' 

DILATATZON. 

Simple  Cylindrical  Dilatationi  of  the  cesophi^;us  are  usually  the  result 
of  long -con  tinned  steuosis  of  the  cesophagns  or  of  the  cardiac  end  of  the 
stomach,  although  not  nearly  all  the  stenoses  are  followed  by  dilatation. 
These  dilatations  are  fonned  at  first  immediately  above  the  stenosis  and 
then  extend  upward.  Dilatation  may  occur  below  the  stricture.  Only 
in  rare  cases  does  the  dilatation  involve  the  whole  length  of  the  tube. 
The  entire  wall  of  the  dilated  portion  of  the  oesophagus  is  thickened,  and 
there  may  t>e  polypoid  growths  from  the  mucous  membrane. 

■  For  a  study  of  careinoma  originating  in  the  brancliial  cleft  see  Poicers,  Annals  of 
Surgery,  February,  1898. 

'For  literature  of  malignant  diseaseof  the  tonsils  consult  Ntwman,  Am.  Jour.  Med. 
Sciences,  vol.  ciil,  p.  487,  1893;  also  Hovtell.  Beitr.  zur.  klin.  Cbirurgie,  Bd.  xiv. 

'  For  a  study  of  rupture  of  (esophagus  see  Mc  Weeitey,  Lancet,  1900,  vol.  ii.,  p.  IGH. 
bibliography. 

'  See  FrtMe,  Am.  Jour.  Med.  Sciences,  vol.  cxix.,  p.  368,  1900. 
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Id  rare  eases  there  is  cylindrical  dilatatiOD  of  part  or  of  the  whole  of 
the  cesophagus  without  a  stenosis  or  any  discoverable  cause.  In  these 
cases  the  dilatation  is  usually  greatest  near  the  middle  of  the  oesophagus 
and  diminishes  upward  and  downward,  so  that  the  cesophagus  has  a  fusi-. 
form  shape.  The  dihitatiou  may  reach  a  very  considerable  degree,  the 
walla  of  the  oesophagus  are  thickened,  its  mucous  membrane  may  be 
covered  with  papillary  outgrowths  or  ulcerated. 

The  Sacculated  Dilatation!  of  the  cesophagns  are  of  two  kinds:  those 
due  to  pressure,  and  those  due  to  traction. 

The  dilatations  due  to  pressure  are  situated  in  the  posterior  wall  of 
the  pharynx,  just  at  its  juuetion  with  the  oesophagus.  The  smaller  sacs 
are  from  the  size  of  a  pea  to  that  of  a  hazelnut;  the  larger  sacs  may 
reach  a  large  size  and  haug  down  between  the  oesoph^us  and  the  verte- 
bral column,  the  opening  into  the  cesophagus  remaining  comparatively 
small.  It  is  supposed  that  a  limited  area  of  the  wall  of  the  cesophagus 
loses  its  power  of  resistance  against  the  pressure  exercised  upon  it  in 
each  act  of  swallowing;  it  then  is  forced  outward  by  the  pressure,  and 
so  there  is  formed  first  a  protrusion  and  then  a  sac.  When  a  sac  is 
formed  the  food  enters  it,  accumulates  there,  and  the  sac  becomes  larger 
and  larger. 

The  dilatations  due  to  traction  ai'e  situated  on  the  anterior  wall  of 
the  cesophagus,  at  a  point  nearly  corresponding  to  the  bifurcation  of 
the  trachea.  They  are  of  funnel  shape,  with  the  small  end  outward. 
Their  length  varies  from  two  to  twelve  millimetres;  the  width  of  the 
opening  into  the  oesophagus  is  from  six  to  eight  millimetres. 

These  dilatations  are  due  to  inflammation  of  the  parts  adjoining  the 
(esophagus,  especially  of  the  bronchial  nodes,  followed  by  adhesions  to 
some  part  of  the  anterior  wall  of  the  oesophagus.  These  adhesions  then 
contract  and  draw  the  wall  of  the  cesophagus  outward,  and  in  this  way 
the  dilatations  are  formed. 

At  a  later  time  these  sacs  may  perforate  into  the  bronchi,  the  lungs, 
the  pleural  cavity,  the  pericardium,  the  aorta,  or  pulmonary  artery.' 


Congenital  StenouB. — Besides  the  defects  of  development  of  the  cesoph- 
agus which  are  incompatible  with  life,  there  may  be  a  congenital  stenosis 
of  some  part  of  it  which  causes  difficulty  in  swallowing,  but  yet  does  nob 
destroy  life. 

Compreuion  StenoiiB  is  not  uncommon.  Tumors  of  the  neck  and 
mediastintuu,  and  aneurisms  of  the  aorta  are  the  usual  causes. 

Obatmction  Btenosia. — Foreign  bodies  may  be  lodged  in  the  oesophagus. 
Tumors  may  hang  down  from  the  pharynx  into  the  oesophagus,  or  may 
be  situated  in  the  wall  of  the  cesophagus.     Inflammation  of  the  oesopha- 


■T  casus  see  PfiS'.  Trans.  Assn.  Am.  Plij's.,  vol.  i 
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gos,  due  to  the  iagestioD  of  irritating  poisonSr  may  induce  cicatricial 
stenosia.  A  few  cases  of  stenosis  due  to  sypliilitic  inflammation  have 
been  reported. 

HrrLAMHATION.    ((EMphasitia.) 

Catarrhal  (Eaophagitii  may  be  either  acute  or  chronic.  The  chronic 
form  may  lead  to  ulceration,  or  relaxation  and  dilatation  of  the  walls, 
or  to  hypertrophy  of  the  muscular  coat. 

Fsendo-MembranoQi  (BsophagitiB  may  occur  with  a  similar  process  in 
the  pharynx,  with  the  exaotheniata  and  other  severe  diseases,  or  under 
other  conditions.  It  may  be  diphtheritic  in  character  or  due  to  other 
excitants  than  the  diphtheria  bacillus. 

Toberonlons  ffisophagitit  may  occur  iu  generalized  miliary  {uberculosis 
or  by  local  infection  from  tulierculous  sputa,  either  with  or  without 
obvious  predisposing  local  lesion,  or  through  an  exteusiou  of  a  tubercu- 
lous process  from  adjacent  structures.     Ulceration  is  apt  to  occur.' 

Other  Forms  of  Inflammation  of  the  (Esophaffas. — Foreign  bodies  which 
are  swallowed  and  become  fixed  in  the  oesophagus  may  incite  inttamma- 
tiou  of  the  mucous  nienibraue  and  of  the  adjoiniug  soft  parts.  Abscesses 
may  form  around  the  oesophagus,  or  destroy  the  wall  of  the  cknal,  and 
the  foreign  body  may  find  its  way  into  the  trachea,  aorta,  or  pericardium. 

Inflammation  of  the  submucous  tissue  of  the  oesophagus,  apart  from 
the  cases  just  mentioned,  is  not  common.  It  may  result  in  abscess  or 
the  formation  of  fibrous  tissue,  causing  stenosis. 

Irritating  and  caustic  acids  and  alkalies  may  destroy  larger  or  smaller 
portions  of  the  mucous  membrane.  The  necrosed  portions  are  of  a  black 
or  whitish  color,  surrounded  by  a  zone  of  intense  congestion.  If  the  pa- 
tient recover,  the  patches  of  membrane  which  have  been  destroyed  slough 
and  fall  ofi*,  leaving  a  surface  covered  by  granulation  tissue.  As  this 
assumes  cicatricial  characters  and  contracts,  serions  stenosis  of  the 
cesophagus  may  t>e  produced. 


Small  Fapillomata  may  occur  singly  or  in  considerable  numbers 
throughout  the  entire  length  of  the  cesopUagus.  Large  papillary  tumors 
are  more  rare.  Small  submucous  fibromata  and  lipomata,  and  leiomyomata 
of  considerable  size  may  occur  in  the  oesophagus.  Sarcomata  are  rare.' 
Adenomata  ha^'e  been  observed. 

Carcinoma  may  originate  at  any  part  of  the  wall  of  the  pharynx  and 
cesoph^us.  The  tumor  may  encircle  the  tube;  it  may  remain  as  a  flat 
infiltration  (Fig.  300),  oi-  project  inward  in  large,  fnngons  masse^  In 
either  case  it  is  prone  to  ulceration.  The  growth  may  extend  up  and  down 
the  oesophagus,  and  even  involve  the  pharynx  or  stomach.     The  ulcerative 

'  For  bibliography  of  tuberculous  (psophagitis  see  FUtner.  Johns  Hopkins  Hospital 
Bulletin,  vol.  iv.,  p.  4,  1898;  and  also  Cone,  ibid.,  vol.  vlii,,  p.  239,  1897. 

■  Licingood,  Johna  Hopkins  Hosp.  Bull.,  vol.  is.,  p.  1Q9,  1898,  bibllogrophj. 
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process  may  extend  outward  so  as  to  lead  to  perforation  into  the  air 
passages,  tlie  luugs,  pleurte,  perieardiom,  and  large  blood-vessels.  The 
new  growth  may  extend  outward  and  infiltrate  the  surrounding  soft  pai'te, 


so  tliat  the  oesophagus  is  surrounded  by  large,  solid,  cancerous  masses. 
Metastatic  tumors  are  also  sometimes  formed. 

Cyiti. — Small  retention  cysts  of  the  follicles  of  the  mucous  membrane 
are  sometimes  found.  Lai^er  cysts  of  the  oesoph^^us  lined  with  ciliated 
epithelium  have  been  described.' 


The    Stomach. 
HalfbmiationB. 

Malformalions  ot  tbe  stomach  are  not  common.  The  orjpin  may  be  entirely  want- 
ing in  atephatoua  fcetiises.  It  may  be  of  various  (tegrcea  of  amallncss,  aonietimes  no 
larger  tliao  tbe  duodenum.  It  may  be  divided  into  two  luilvcs  by  a  deep  constriction 
in  the  mirtdle.  Tbe  pyloric  orifice  may  bo  stenosed  m  entirely  closed.  The  stomach 
may  be  outside  (jf  the  abdominal  cavity  from  a  hernial  protrusion  through  the  dia- 
phragm or  at  some  poiut  in  the  abdominal  wall.  It  is  found  on  the  right  side,  instead 
of  tlie  left,  when  the  otiier  viscera  are  transposed,  and  the  poajtion  of  the  cardiac  and 
pyloric  orifices  [a  correspondingly  inverted. 

Congenital  stenosis  of  tbe  pylorus  in  infants  isof  occasional  occurrence.  It  is  com- 
monly due  to  fibrous  hyperplasia  of  tlie  submucosa,  sometimes  involving  the  internal 
muscular  layers.' 

'  For  recent  bibliography  of  lesions  of  cesophagua  see  Tliorel,  Lubarsch  and  Oster- 
tag's  "Ergebniase,"  Jahrg.  v.  for  1898,  p.  138. 

'See  Meltzfr,  New  York  Med.  Record,  August  20tU,  1898,  bibliography;  also  B^- 
legtoii  and  Vrofloii-Atkitii,  British  Sled.  Juur.,  1900,  vril.  ii.,  p.  1T68. 
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Oadaveric  Ohangaa. 


The  mucous  membmne  of  the  stomach  is  liable  to  undergo  considerable  alterations 
soon  after  death  owing  to  cbaoges  in  the  distribution  and  composition  of  the  blood  and 
to  the  action  of  the  digestive  fluids.  The  blood  is  apt  to  collect  in  the  email  veins, 
especially  at  the  fundus,  while  by  diffusion  of  the  coloring  matter,  red  or  brown  or 
black  streahs  and  patches  form  in  the  mucous  membrane. 

Those  portions  of  the  mucosa  on  which  the  food  and  digestive  fluids  collect,  usually 
at  the  fundus  and  on  the  posterior  aspect  of  the  stomach,  frequently  appear  gray,  tur- 
bid, and  are  soft,  and  are  easily  rubbed  off.  The  epithelium  in  these  regions  is  unusu- 
ally granular  or  disintegrated,  and  is  often  detached.  Sometimes  this  post-mortem 
softening  involves  the  entire  thiclcness  of  the  Stomach  wall,  which  is  converted  into  a 
gray  or  yellow  or  brown  gelatinous  pulp.  Thus  large  or  small  post-mortem  perfora- 
tions may  occur. 


Perforating  wounds  of  the  stomach  usually  give  rise  to  a  fatal  perito- 
nitis. It  is  possible,  however,  for  the  wound  to  heal,  or  a  gastric  fistula 
may  be  fonued. 

Bupttire  of  the  stomach  may  be  produced  by  severe  blows  or  falls, 

HiBKOBBSAQE. 

Small  extravasations  of  blood  in  the  wall  of  the  stomach  are  fre- 
quently found  in  persons  who  have  died  from  one  of  tlie  infectious  dis- 
eases. 

Htemorrhage  into  the  cavity  of  the  stomach  may  occur  in  a  variety 
of  ways.  It  may  take  place  from  injuries  or  poisons;  from  ulcers  or 
carcinoma;  from  rapture  of  small  aneurisms  of  the  stomach,  or  from  the 
rupture  into  the  stomach  of  aneurisms  elsewhere.  It  may  occur  in  in- 
fectious diseases,  especially  in  yellow  fever,  or  in  diseases  of  the  blood. 
It  may  be  associated  with  passive  congestion  of  the  stomach  in  hepatic 
cirrhosis  of  the  liver,  obstruction  of  the  portal  vein,  chronic  disease  of 
the  heart  and  lung ;  with  an  enlarged  spleen  and  in  chronic  gastritis.  In 
the  new-born  and  young  infants  hfemorrhage  into  the  stomach  not  infre- 
qnently  occurs  without  apparent  lesions  which  would  account  for  it;  or 
there  may  be  ulcers  of  the  mucous  membranes,  or  cardiac  disturbances, 
or  infection.  While  the  source  of  haemorrhage  into  the  stomach  is  often 
evident,  in  many  cases  none  can  be  discovered.  Considerable  bleeding 
can  evidently  take  place  by  diapedesis  in  congested  vessels. 

Some  cases  of  chronic  gastritis  are  characterized  by  general  bleeding 
from  the  mucous  membranes  of  the  stomach. 
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ATBOPHT  AND  DBOEirERATION. 

Atroplif  of  the  stomach  occars  in  a  variety  of  cachectic  conditions, 
in  chronic  inflammation,  and  in  stenosis  of  the  cardiac  orifice. 


FlO.    307.  — FATTT    DIOENEHITION    or    THE    EPITHELFITII    Or    TRI     GAOTRK    TUBDLIg     IN     PHOSPHORUS 


Albominoai  Degeneration  of  the  epithelium  may  occur  in  infectious 
diseases  and  in  inflammation  of  the  stomach. 

Titty  Degeneration  is  often  associated  with  arsenic  and  phosphorus 
poisoning  (Fig.  307). 

Amyloid  Degeneration  of  the  small  vessels  is  associated  with  a  similar 
process  in  other  imrts  of  the  body. 


INFLAHHATIOH.    (GMtritU.) 

Acute  Catarrhal  Qaatritii  is  usually  due  to  the  ingestion  of  irritatiug 
decomposing  or  infections  substances  and  may  accompany  general  infec- 
tious diseases. 

After  death  the  mucous  membrane  may  be  congested  and  swollen, 
or  the  coDgestion  may  have  disappeared.  The  macous  membrane  is 
coated  with  an  increased  amount  of  mucus,  especially  at  the  pyloric  end 
of  the  stomach. 

The  structural  changes  in  the  mucous  membrane  consist  chiefly  in 
swelling  and  albuminous  degeneration,  and  sometimes  exfoliation  of  the 
epithelium  with  an  increase  in  the  production  of  mucus  by  the  cylindrical 
cells  (Fig.  308),  while  the  iiitertnbular  tissue  and  the  submucosa  may  be 
cedeniatous  and  contain  a  few  emigrated  leucocytes.  The  solitary  lymph- 
uodnles  may  be  enlarged  from  hyperplasia  and  hamorrhagie  erosions 
may  be  present. 

Chronic  Gaatritis,— This,  with  the  continuance  of  the  exciting  condi- 
tions, may  follow  the  acute  form.  It  is  often  associated  with  the  persis- 
tent use  of  alcohol,  with  ulcers  and  carcinoma,  with  venous  congestion 
from  heart  lesions,  cirrhosis  of  the  liver,  obstruction  of  the  portal  vein 
or  ascending  vena  cava,  or  chronic  diifuse  nephritis.  These  are  doubtless 
predisposing  conditions  rather  than  actual  excitants  of  the  disease. 
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The  stomach  may  be  normal  in  size  or  small  or  dilated.     ItB  inner 
surface  is  osually  covered  vith  tenacious  mucus.    The  mucous  mem- 


SSowtng  Uie  open  ends  ot  two  usstrtc  (ubules.    There  Is 
epItliellB]  wUb, muiy u[ whtrb  bave  tbe so-csllei]  "beaker"  torm.   Tbere  Is eiCollktloa oC  epluiellum  wblcb, 
nlUi  mucus  lod  &  tew  leucoci'l^  uid  red  Uood  cetls.  cvvera  Uie  surfice  ul  ibe  mucous  membnne. 

brane  may  be  congested  with  minute  hiemorrhages  or  erosions  or  it  may 
be  pale  and  gray  or  pigmented  from  former  hiemorrhages.     It  may  be 


Fib.  309.— Chrosic 


thickened  or  thinner  than  normal.  Often,  owing  to  irregular  thickening, 
it  projects  in  places  in  the  form  of  minute  granules,  or  it  is  irregular- 
ly roughened — Hat  tnamelomie— or  there  may  be  distinct  polypoid  out- 
growths.    These  alterations  are  usually  most  marked  iu  the  pyloric  re- 
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gioii.     Microscopical  examinatioD  shows  alterations  varying  in  different 
parts  of  the  organ  and  in  different  stages  of  the  disease.     The  surface 
epithelium  may  be  degenerated  and  exfoliated.     Tlie  detached  epithelium 
with  leucocytes  may  be  mingled  with 
the  mucus  covering  the  surface.     The 
gastric  glands  may  be  variously  al- 
tered.    They  may  be  dilated,  or  elon- 
gated and  tortuous,  or  hyperplastic ' 
or  atrophied;    their  epithelium  may 
be  flattened,  degenerated,  or  detached. 
The  interstitial   tissue   and  the   snb- 
niucosa  may  be  infiltrated  with  small 
spheroidal  cells  or  new-formed  larger 
polyhedral  cells  (Fig.  309),  and  new 
fibrous  tissue  may  form  (Fig.   310), 
thus    often    greatly    thickening   the 
mucous    membrane  and  causing    at- 
rophy of  the   glands.      The  lymph- 
nodules  at  the  base  of  the  glan<ls  may     i=i,««,„g'I:„..',!|™^7bmu,,''ti'Z'^L™n  tb« 
be  enlarged   from   hyperplasia.      Ou  gasuictubQiM. 

the  other   hand,    the    mucous  mem- 
brane, as  contraction  takes  place  in  the  new-formed  interstitial  tissue, 
may  undei^o  great  atrophy  (Fig.  311),  so  that  it  is  pale,  thin,  often  gray 
in  color,  with  more  or  less  pigmentation. 

The  formation  of  new  fibrous  tissue  may  later  invohe  the  mnscularis 
also,  Iciiding  to  various  distortions 
of  the  stomach. 

Cronpoas  Gastritii  (Hembranou 
or  Diphtheritic  Gft«triti<).— This 
form  of  gastric  infiamniation,  most 
common  in  children,  may  be  as- 
sociated with  diphtheria  or  with 
other  infectious  diseases,  but  may 
occur  independently.  In  adults 
it  is  usually  secondary  to  typhus 
fe\'er,  pneumonia,  pyiemia,  ty- 
FiG  311  -niROMr-  msiBiT]^.  phoid  fever,  the  exanthemata,  and 

SbonlDK  atrophy  of  thi>iniu'r>iia  membrane  with  murh    other    infections,  and    may  folloW 

nev,-.i»noedni)roiBtiB.oe.  the  ingestion  of  irritant  poisons. 

The  excitants  are  thus  of  the  most 

varied  kinds,  as  is  the  case  in  pseudo-menihraimns  inflammation  else- 

whei-e  in  the  body.     The  false  membrane  may  lie  in  small  patches  or 

line  a  considerable  portion  of  the  stomach. 

Exudative  Gastritia  (Sapporative  or  PhlegmonouB  Oaatritii). — This  proc- 
ess is  eharaeterized  by  the  formation  of  purulent  and  other  exudate  in 
'  Sec  C'liie.  "  Welcli  Annivci'sary  Contributions  to  tlie  Science  of  Medicine,"  p.  877, 
1900,  bibliography. 
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the  connective  tissue  of  the  mucosa  and  sabroncosa.  The  exudate  may 
be  diffuse  or  localized  in  the  form  of  abscess.  As  an  iudependeut  affec- 
tion it  is  rare.  It  is  more  frequent  in  connection  with  puerperal  fever 
and  other  infectious  diseases;  it  has  been  ascribed  to  injury. 

The  accumulation  of  exudate  may  be  slight,  the  intei^landiUar  and 
submucous  tissue  being  cedematous  with  few  pus  cells.  The  mocoos 
membrane  may  under  these  conditions  remain  intact  or  show  slight  ca- 
tarrhal lesions.  When  this  relatively  slight  accumulation  of  exudate 
occurs  in  the  pyloric  regiou  it  may  apparently  occasion  temporary  steno- 
sis. On  ttie  other  hand,  a  considerable  or  large  amount  of  exudate  may 
form,  and  the  process  may  Invoh'e  diffusely  a  large  part  of  the  wall  of 
the  stomach ;  or  the  process  may  be  circumscribed  and  abscesses  may 
form.  The  suppurative  process  may  extend  to  the  mucous  membrane, 
or  to  the  serosa,  and  thus  perforations  may  occur  and  the  Incitement  of 
peritonitis.  Little  is  known  of  the  direct  excitants  of  phlegmonous  gas- 
tritis.'    Streptococcus  pyogenes  has  been  found  in  the  exudate.* 

Toxic  QastritiB. — The  mineral  acids,  the  caustic  alkalies,  arsenic, 
corrosive  sublimate,  and  the  metallic  salts,  phosphorus,  camphor,  and 
other  irritating  materials,  induce  different  lesions  of  the  stomach,  accord- 
ing to  their  quantity,  their  strength,  and  the  length  of  time  which  has 
elapsed  before  death. 

In  large  quantities  they  destroy  and  convert  into  a  soft,  blackened 
mass  both  the  mucous  membrane  and  the  other  coats,  so  that  perforation 
may  take  place.  In  smaller  quantities  they  produce  black  or  white 
sloughs  of  the  mucous  membraue,  surrounded  by  a  zone  of  intense  con- 
gestion. If  death  does  not  soon  ensue,  the  ulcerative  and  cicatricial 
processes  which  follow  such  sloughs  may  contract  and  deform  the  stom- 
ach in  various  ways. 

If  the  poisons  are  of  less  strength  they  may  indnee  a  diffuse  conges- 
tion of  the  mucous  membraue,  with  catarrhal  or  croupous  exudation  on 
ita  surface  and  serous  infiltration  of  the  submucous  coat  (see  chapter  on 
Poisons). 

Tabercvlons  Oastritis  of  the  stomach  is  rare  and  is  usually  secondary 
to  tuberculous  lesions  elsewhere.  There  may  be  miliary  tubercles  or 
small  or  large,  single  or  multiple  ulcers  involving  especially  the  mucosa 
and  snb mucosa.' 

Syphilitic  Infiammation  of  the  stomach  with  ulceration  has  been  occa- 
sionally observed.' 

'  Reference  to  the  bfbllograi'liy  of  nilcro-OTKBDistn  of  the  normal  atomach  may  be 
found  in  an  article  by  H>i'«  on  "  Barleria  in  the  btomaeli  of  tbe  Cat,"  Jour,  of  Applied 
Microscopy,  vol.  iii-  p.  827,  1900;  also  Coyon,  "Flore  mlcrobienoL-  du  I'eslomac,"  These 
de  Paria,  1900,  blbliographv.  For  bibliography  of  phlegmonous  gastritis  see  Leith, 
Edinburgh  Iloapiial  Ileporls,  vol.  iv.,  p.  51.  1896. 

'See  Kinntcutl.  Trans.  Asan,  Am.  Phys.,  vol.  xv..  p.  127,  bibliography.  For  a 
study  of  lesions  of  Ihe  stomacli  as  portals  of  entry  of  bacteria  sec  James,  Trans.  Assd. 
Am.  Phys.,  vol.  xvi.,  p.  72. 

'  Consult  for  bibliography  of  tuberculosis  of  slomacb  Blunter,  Albany  Medical  An- 
nals, Alarcli,  1«98. 

■*  Consult  for  liibliography  Flexaer,  Anieriean  Journal  of  Medical  Sciences,  vol. 
cxvi.,  p.  425.  1S98. 
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Chronic  Perforating  ITlcer. — This  form  of  utcer  is  often  seen ;  according 
to  Brinton,  in  five  per  cent  of  persons  dying  from  all  causes.  It  occurs 
in  females  nearly  twice  as  frequently  as  in  males.  As  regards  the  age, 
Briuton  concludes  that  the  liability  of  an  individual  to  become  the  sub- 
ject of  gastric  ulcer  gradually  rises,  from  what  is  uearly  a  zero  at  the 
age  of  ten  to  a  high  rate,  which  it  maintains  through  the  period  of  mid- 
dle life ;  at  the  end  of  which  period  it  again  ascends,  to  rea«h  its  maxi- 
mum at  the  extreme  age  of  ninety. 

The  analysis  of  793  hospital  cases  by  Welch '  shows  that  the  nlcers 
were  on  the  lesser  curvature  in  288,  in  the  posterior  wall  in  235,  at  the 
pylorus  in  95,  on  the  anterior  wall  in  69,  at  the  cardia  in  50,  at  the  fun- 
dus in  29,  on  the  greater  euri-ature  iu  27. 

As  regards  the  uuniber  of  ulcers,  two  or  more  are  present  in  about 
twenty-one  per  cent ;  there  may  be  two,  three,  four,  or  even  five  ulcers. 
In  cases  of  multiple  ulcers  these  are  often  developed  successively. 

In  size  the  ulcers  vary  from  one-quarter  of  an  inch  to  five  or  six 
inches.  They  are  usually  of  circular  shape,  sometimes  oval ;  sometimes 
two  or  more  are  fused  together.   , 

The  ulceration  is  largest  in  the  mucous  membrane  (Fig.  312).  It 
may  remain  confined  to  this,  or  extend  outward  and  involve  the  connec- 


FiG.  31£.— Chronic  Ulcek  or  the  SroUitCR. 
BbowlDK  a  BFrtl'in  ibrouffb  the  stuDiBcli  wmU  at  tbe  cealral  pan  a[  tlie  rouod  uloer. 

tive  tissue,  muscular  and  peritoneal  coats,  its  diameter  becoming  smaller 
as  it  advances.  The  ulcer  looks  like  a  clean  hole  punched  out  of  the 
wall  of  the  stomach  (Fig.  313).  Its  floor  may  show  no  active  inflamma- 
tory changes.  Its  edges  may  be  in  the  same  condition,  or  they  may  be 
thickened  by  the  growth  of  connective  tissue  and  cells.  The  rest  of  the 
mucous  membrane  of  the  stomach  is  apt  to  be  in  a  condition  of  chronic 
catarrhal  inflammation. 

The  ulcer  may  perforate  directly  through  the  wall  of  the  stomach,  and 
the  eontente  of  the  latter  are  discharged  into  the  peritoneal  cavity ;  or 
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adhesioDS  are  formed  betweeii  the  wall  of  the  stomach  and  the  neighbor- 
ing viscera,  so  that  the  bottom  of  the  ulcer  is  closed;  or  if  the  liver,  the 
intestines,  or  the  abdominal  wall  become  adherent,  these  maybe  invaded 
by  the  ulcerative  process,  and  cavitiesor  fistulie  are  formed  communicat- 
ing with  the  stomach ;  or,  if  the  adhesii>us  are  incomplete,  a  local  peri- 
tonitis and  eoUectioHs  of  pus  may  be  developed.  Perforation  may  take 
place  into  the  colou  or  duodenum,  or  into  the  pericardium  or  pleiira. 

During  the  progress  of  the  ulcer  there  may  be  repeated  small  hspmor- 
rhages  from  the  erosion  of  small  blood-vessels,  or  large  hsemorrhages 
from  the  erosion  of  larger  arteries. 

In  many  cases  these  nicers  eic^itri?^,  and  such  a  cicatrization  may 
produce  variona  deformities  of  the  stonmch. 


The  origin  of  such  ulcers  is  often  obscure.  It  seems  probable  that 
the  nutrition  of  a  (rifcumscril>ed  pail  of  the  wall  of  the  stomach  is  inter- 
fered with,  and  that  this  portion  is  then  destroyed  by  the  action  of  the 
gastric  juice.  Hut  we  are  in  most  cases  still  Ignorant  of  the  way  in  which 
the  obliteration  of  the  iirteries  is  effected.  It  has,  indeed,  been  demon- 
stnited  in  animals  that  an  artificial  embolism  of  the  branches  of  the  gas- 
tric arteries  may  lead  to  ulcers  of  the  stomach;  and  in  the  human  stom- 
ach we  occasionally  find  cases  of  embolism  of  the  branches  of  the  gastric 
artery  and  ulcers.  But  the  clinical  historj'  of  most  cases  of  ulcer  of  the 
stomach  doos  not  coiTcspond  with  snch  a  mode  of  origin.  A  chronic 
obliterating  endarteritis  would  seem  to  be  a  moi-e  probable  cause.  The 
possibility  of  a.  bacterial  origin  in  some  cases  should  not  be  overlooked. 

Follionlar  Ulceri,  similar  to  those  in  the  small  intestine,  are  of  occa- 
sional occnrrence  in  the  stomach.  They  are  formed  by  the  degenerative 
changes  and  necrosi.s  in  the  solitary  lymph-uodules  of  the  stomach. 

For  Tnbercnloni  llloers,  see  above. 


Digitized  by  Google 


THE  DIGESTIVE  S^-STEM.  541 

Haentoixhagic  Erouons  occur  as  rouuded  spots  or  iiarrow  streaks, 
formed  by  a  loss  of  substance  of  the  mucous  membrane.  The  mucous 
membraue  at  these  points  may  be  congested,  soft,  and  covered  by  small 
blood  clots.  The  destruction  of  the  mucous  membrane  is  usually  super- 
ficial, but  may  inroh'e  its  entire  thickness.  The  interual  surface  of  the 
stomach  may  t>e  studded  with  these  erosions.  They  give  rise  to  repeated 
hiemorrhages,  and  are  accompanied  by  catarrhal  inflammation  of  the  rest 
of  the  mucous  membraue. 

They  occur  at  alt  periods  of  life,  even  iu  infant&  Their  usual  seat  is 
the  pyloric  portion  of  the  stomach.  They  may  occur  independently  of 
other  obvious  lesions,  but  are  most  frequent  in  connection  with  chronic 
congestion  of  the  mucosa,  chronic  gastritis,  iu  infections  diseases,  and 
intoxications. 

DILATATION. 

Very  considerable  degrees  of  dilatation  of  the  stomach  are  found  at 
autopsies,  without  stenosis  of  the  pylorus  or  other  mechanical  cause  to 
account  for  them.  It  is  usually  difficult  to  determine  bow  long  these 
dilatations  have  existed  aud  their  influence  iu  the  illness  or  death. 

Acute  dilatation  of  the  stomach,  with  vomiting  of  very  large  quanti- 
ties of  thin  fluid,  has  been  observed  in  a  few  cases,  the  dilatation  being 
developed  suddenly  and  without  discoverable  cause. 

Of  the  mechanical  factors  which  lead  to  dilatation  of  the  stomach  a 
.stenosis  of  the  pylorus  is  the  most  common.  Such  a  stenosis  may  be 
effected  by  a  tumor,  by  chronic  inflammation  and  thickeniDg,  and  by  the 
cicatrization  of  ulcers.  Less  frequently  otetructions  of  the  small  and 
large  intestines  act  in  the  same  way. 

Some  forms  of  chronic  gastritis  are  attended  with  dilatation  of  the 
stomach  without  stenosis. 

In  rare  cases  circumscribed,  sacculated  dilatations  are  produced  by 
the  presence  of  foreign  bodies — portion  of  wood,  metal,  etc. 


Fapillomata. — It  has  already  been  mentioned  that  in  some  cases  of 
chronic  gastritis  there  are  small,  polypoid  hypertrophies  of  the  mucous 
membrane.  Be-sides  these  we  find  polyjwid  tumors  which  may  reach  a 
considerable  size.  They  are  composed  of  a  connective-tissue  stroma  ar- 
mnged  in  tufts  covered  with  cylindrical  epitJielium.  In  some  eases  there 
are  also  tubules  lined  with  cylindrical  epithelium,  so  that  the  tumor  has 
partly  the  structure  of  an  adenoma  (Fig.  314)._  Fibromata  of  small  size 
are  sometimes  found  in  the  comieetive-tissue  coat  (Fig.  315).  Lipomata 
are  formed  in  the  submucous  connective  tissue  in  the  shape  of  rounded 
or  polypoid  tumors.  They  usually  project  inward,  but  sometimes  out- 
ward beneath  the  peritoneum.  They  may  also  appear  in  the  form  of 
numerous  yellow  nodules  beneath  the  mucous  membrane, 

Hyomata  occur  iu  the  form  of  rounded  tumors  which  originate  in  the 
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muscular  coat,  but  may  gradually  separate  themselves  from  it  and  pro- 
ject  iuward  or  outward.     The  submucous  myomata  are  at  first  small 


3H.— SMALL  PaPILLIHT  ADESOUA   or  THE  STOMICH. 

IB  membrane,  forming  h  amall  polypoid  f(n>wUi  iaia  (be  (a 
nve  illaiiietera. 


tumors  lying  loosely  attached  in  the  submucous  tissue.     As  they  grow- 
larger  they  push  the  mucous  membraue  inward  and  take  the  shape  of 


re  In  tbe  wall  of  )be  el 


polypoid  tumors.     Lymphomata  in  the  wall  of  the  stomach  are  seen  iu 
some  cases  of  leuksemia. 

Sarcomata  of  the  stomach  are  rare.     In  some  of  the  tumors  of  the  wall 
of  the  stomach,  which  are  ordinarily  called  cancerous,  the  structure  is 
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not  well  defined,  aud  it  is  possible  that  some  of  them  are  sarcomaln. 
Sarcomata  of  the  stomach  may  be  ronud-celled  or  spiodle-celled  and 
mixed  forms  occur — myxosarcoma,  angiosarcoma,  etc. ' 

Adenoma. — It  has  been  already  mentioned  that  in  some  of  the  papil- 
lary tumors  of  the  mucous  membrane  there  is  a  considerable  grovrth  of 
tubules  lined  with  cylindrical  epithelium  (Fig.  314).  Besides  these  we 
find  in  the  submucous  coat  circumscribed  tumors  composed  of  tubules 
iri'egHlar  in  form  and  lined  with  one  or  more  layers  of  cylindrical  epithe- 


lium, like  those  of  the  gastric  mucous  membrane.  (See  Adeno -carcinoma 
below.) 

Caroinoma  of  the  stomach  is  usually  primary,  but  is  occasionally  sec- 
ondary tfl  cancer  elsewhere.  It  is  of  relatively  common  occurrence,  the 
stomach  in  Welch's  analysis  of  over  30,000  cases  being  next  to  the  uterus 
the  organ  most  frequently  affected. 

The  situation  in  Welch's  summary  of  1,300  cases 'was:  in  the  pyloric 
region,  791 ;  lesser  curvature,  148 ;  cardia,  104 ;  posterior  wall,  68 ;  in- 
volving a  greater  part  of  the  stomach,  61;  greater  curvature,  34 ;  anterior 

'See  Dock,  Trans.  Assn.  Am.  Plijs,,  vol.  xv.,  p.  16B,  bibliography;  alao  FeniHck, 
Lancet.  1901.  vol.  i.,  p.  493,  bibliogniphj'. 

'  Wekh,  Pepper's  "Syatem  of  Practical  Mediciue,"  vol.  ii.,  p.  591,  188.5. 
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■wall,  30;  fuudus,  Ift;  multiple  tumors  in  45  cases.     Carcinoma  of  the 

Htomach  is  rare  in  childhood.' 

Carcinomata  of  the  stomach  occur  in  various  forms.  There  may  be 
lai-ger  or  smaller,  flat 
or  rounded  or  lobu- 
lated  growths  project- 
ing from  the  inner 
surface  of  the  stomacli 
(Fig.  31C).  The  mu- 
cous membrane  over 
them  may  be  intact 
or  with  a  portion  of 
the  tumor  may  ulcer- 
ate. The  destructive 
process  may  advance 
so  that  some  of  the 
ragged  or  smooth- 
etlged  ulcers  may 
reach  a  large  size. 
The  wall  of  the  stom- 
ach may  be  involved ; 
peritoneal  adhesions 
may  form,  or  perfora- 
tion may  occur.  On 
the  other  hand,  the 
carcinoma  may  grow 
iu  the  form  of  a  dif- 
fuse infiltnitiou  of  the 
wall  of  the  stomach 
(Fig.  317).  Such  tu- 
mors are  less  liable  to 
ulcerate.  They  may 
be  o\erlooked  or  mis- 
taken for  a  chronic  in- 
flammatory lesion. 

Metastatic  tumors 
intbe  liver,  thelymph- 
uodes,  and  the  peri- 
toneum are  common, 
but  such  metastases 
may  occur  in  any  part 
of  the  body. 

The  most  t 
type  of  < 

the  stomach  is  the  medullarv,   or  so-called  adeno-cardiioma,   in  which 


iccupylnit  Uierylortc  < 
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often  to  a  eonsiderable  extent  the  glaudidar  type  is  maintained  in  many 
parts  of  the  giowth  {Fig.  184,  page  337).  The  cylindrical  or  poly- 
hedral epithelial  celts  line  variously  shaped  alveoli,  vhich  frequently 
maintain  well-marked  huuina.     Cystic  distention  of  these  may  occur. 

IVfrcmg  eareiiunna,  acit-rhus,  is  the  next  most  frequent  type,  and  such 
are  often  the  iufiltrating  forms  (Fig.  199,  p^e  347). 

The  third  type,  gelatinous  cai-dnoma  (Fig,  200,  page  348),  often  forms 


extensive  growths  and  is  apt  to  invade  adjacent  structures  and  to  estab- 
lish metastases. 

Stenosis  of  the  pylorus  and  chronic  gastritis,  adhesions,  fistnln',  dis- 
tortion of  the  stomach,  perforations,  etc.,  hsemorrhage,  suppurative  in- 
dammation,  are  among  the  frequent  secondary  complications  of  gastric 
csmcer. 

Among  the  relatively  infrequent  secondary  cancers  of  the  stomach, 
those  originating  in  the  breast  are  proportionately  lai^e. ' 

Cysts  of  the  stomach  wall  have  l>een  recorded." 

For  recent  jrciipral  bibliography  of  lesions  of  tiie  slomacli,  sei'  T/mrel.  Lubarsch  aud 
OslertHg'H  "Ergebnisac,"  Jalirg.  v.  for  1898,  p.  142. 

FOBEiaX   BODIES. 

Among  the  various  foreign  bodies  which  by  accident  or  design  may 
be  present  in  the  stonia<rh  may  be  mentioned  hairs,  thread,  string,  etc., 
which  have  been  swallowed  from  time  to  time,  usually  by  hysterical 
women.     These  may  be  closely  packed  together  into  a  large  mass  nearly 

'  For  statistics  see  Welr/i,  reference  above. 

'  SeliulU  bus  seen  a  large  cyst  of  undetermined  origin,  Trans,  New  York  Path. 
8oc.,  1809-1900. 
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filliflg  the  cavity  of  the  stomach,  to  which  in  shape  it  may  correspond 
(Pig.  318).' 

The  Intestines. 

UaUbrmatious . 

Atresia  Am. — Absence  of  the  anal  opening  in  frequent.  TLJs  may  be  associated 
with  partial  or  complete  atresia  of  tbe  rectum  or  of  the  colon  wliicli  may  be  represented 
by  solid  cords.  Blind  terminations  of  the  small  intestine  may  occur,  or  there  may  be 
complete  closure  of  the  gut. 

Transposition. — The  position  of  the  intestines  may  be  tbe  opposite  to  that  which 
is  usually  found.  Tlie  trans  position  may  aflcct  all  the  abdominal  viscera,  or  only  a 
single  viscus  is  transposed. 

Anomaloub  Positions  of  the  Couin  are  not  infrequent.' 

Diverticula. — lut^.'Stinal  diverticula  are  moat  frequent  in  the  lower  part  of  the 
ileum.  Tliey  usually  spring  from  the  convex  surface  of  the  intestine,  more  rarely 
from  its  attached  bonier.  In  tlie  latter  case  they  are 
joined  to  the  mesentery  liy  a  fold  of  peritoneum.  The 
diverticulum  forms  a  poucb  from  one  to  six  inches 
long,  of  about  the  same  <liameter  as  the  intestine,  small- 
est at  its  tree  extremity  (Fig.  818). 

3ueh  diverticula  do  not  interfere  with  the  func- 
tions of  the  intestines.  They  occasionally  form  part 
of  a  hernia.  Sometimes  the  remains  of  these  intestinal 
diverticula — called  Meckel's  diverticula — form  soft. 
projecting  tumorsat  the  umbilicus '  in  children.  Micro- 
scopical examination  of  such  tumors  often  showa  the 
structure  of  the  intestinal  mucosa  and  muscularia. 
If  they  remain  attached  by  a  fibrous  cord  to  the  navel, 
this  cord  may  be  the  cause  of  incarceration  of  a  portion 
of  the  intestines.* 

Falie  IMttrtieula. — Not  infrequently  one  finds  at 
autopsies  either  in  the  small  or  large  intestine  diver- 
ticula or  bernite,  which  project  from  tlie  exterior  of  the 
gut.  usually  near  its  inescuteric  attachment.  These 
consist  of  tbe  mucous  membrane  which  has  been 
crowded  through  the  muscularis  and  is  covered  by 
Beri>sa-  These  so-called  "false  diverticula"  luay  be 
large,  but  arc  generally  not  larger  than  a  pcai  they 
may  lie  single  or  numerous  (Fig.  330).  They  as  a  rule 
'  cause  no  functional  dislurbanci'.  lint  may,  through 
the  Hccuniulation  of  ftecal  matLnal  u  ithin  tbeni.  be  the 
seal  of  perforation.* 
Cloa(/K. — Tlie   rectum   may  open  into   tbe  bladder     urtthra    or   vagina.     Thus 

'Such  a  spoeimen,  mentioned  by  Oshr,  is  in  the  museum  of  MrGill  University; 
another,  reported  by  Piiidler  (see  Fig.  318),  is  in  the  museum  of  the  College  of  Physi- 
cians and  Snrgeons,  N,  Y.  See  Jaeobton,  Med.  News  leb  18th  1901  also  Fenirick, 
Br.  Med.  Jour..  Nov.  29th,  1902,  bibliography. 

'For  bibliography  of  reported  eases  see  S/iober,  \ni  Jour  Med  Sciences,  vol. 
cxvl.,  p.  405.  181*8. 

'For  bibligraphy  of  umbilical  tumors  sec  0(<inMe«(«o  Arch  gen  de  Med.,  t,  iii., 
p,  65.  1900. 

'For  bibliography  see  Heitman.  Proc,  Path,  Soc.  of  Philadelphia,  new  ed.,  vol,  i., 
p.  198.  1898.  For  case  of  volvulus  of  Meckel 's  diverticulum  see  Taylor,  Johns  Ilopkins 
Hospital  Bull.,  vol.  xii.,  p.  826. 

'Consult  FiiKher,  "False  Diverticula  of  the  Intestine,"  Jour.  Exp.  Med.,  vol.  v.. 
p.  888,  1901,  bibliography. 
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floac*  are  formed  which  ate  often  associated  with  other  malforniationa  of  the  abdom- 
inal wall,  inteslines,  and  generative  orgHn»). 


Incarceration. 

1.  The  most  rommon  form  ie  tliat  in  which  a  portion  of  intestine  is  strangulated  by 
a  fibrous  band.  Such  fibrous  banils  arc  the  result  of  perilonltis  or  may  1>e  of  fu'tal 
origin.  Tliey  pass  from  the  intestines  to  the  abdominal  wall,  or  from  one  part  of  tJie 
intestinca  to  anottitT.  The  intestine  becomes  iii  some  way  caught  under  one  of  these 
bands  and  Is  compressed  by  it.  The  stricture  thus  produced  may  lead  to  a  gradual  ac- 
cumulation of  ficc(>s  in  the  intestine  above  it,  and  may  last  for  a  long  time  before  death 
cTisui^s.  In  other  cases  the  stricture  interferes  at  once  with  the  circulation  of  the  blood ; 
the  intestine  is  intensely  congeste<l,  becomes  gangrenous,  and  death  lakes  place  with 
the  symptoms  of  gcnoraj  peritonitis. 

2.  A  portion  of  intestine  becomes  caught  In  some  abnormal  opening  In  tlie  mesen- 
tery or  omentum,  or  in  the  foramen  of  Winslow.  or  between  e  o  aj  rs  of  the 
mesentery.  We  haveseen  a  case  in  which  twelve  feet  of  iiitcs  n  lad  passed  rough 
a  small  opening  in  the  mesentery, 

8.  A  coil  or  intestine  makes  a  half  turn  at  its  base,  so  tha  be  wo  s  d  s  of  the 
loops  cross  at  its  base.  In  this  way  the  lumen  of  the  intestine  on  p  y  osed  and 
the  vessels  are  compressed,  so  that  congestion,  peritonitis,  and  gang    n       s  Tliis 

form  of  incarceration  Is  most  frequent  in  the  ascending  colon.     I  s  nal     Dtestinc  It 

may  occur  when  the  gnt  is  fixed  hy  old  adhesions. 

4.  A  portion  of  the  intestine,  with  its  meseuter}'.  makes  one  or  more  complete  turns 
on  itself,  closing  the  canal  and  compr<:ssing  the  vessels. 

5.  A  ])ortlon  of  the  iutestino  makes  a  tialf  or  entire  turn  atxiul  its  longer  axis. 
This  is  very  rare,  and  only  occurs  in  the  colon, 

n.  The  mesentery  of  a  part  of  the  Intestine  is  long  and  loose,  in  consequence  of  a 
dragging  down  of  the  Intestine  by  a  hernia  or  by  habitual  constipation.  The  portion 
of  intestine  thus  permitted  to  bang  down  is  habitually  filled  with  freces,  and  hy  ila 
pressure  on  some  other  part  of  Ilic  Intestine  produces  an  incomplete  stricture, 

IntuHUBception. 

Tills  change  of  position  consists  in  ilie  invagination  of  one  portion  of  intestine  In 
another  portion  (Fig,  321).  Usually  this  takes  place  In  the  direction  of  the  peristaltic 
movements,  from  above  downward :  more  rarely  in  tbe  opposite  direction. 

The  parts  arc  found  in  the  following  condition :  There  are  three  portions  of  Intes- 
tine, one  within  the  other.  The  Inner  portion  is  continuous  with  the  intestines  above 
the  intussusception;  Its  peritoneal  coat  faces  outward.  The  outer  portion  is  continuous 
with  tbe  intestine  bektw ;  its  peritoneal  coat  also  faces  outward.    The  Inner  portioD  is 
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turned  iusidc  out.  its  mucous  membreue  is  in  contact  with  tlic  mucous  membraoe  of 
the  outer  portion.  In  rare  cases  the  intussusception  is  complicated  by  tlie  iovagination 
of  a  second  portion  of  intestine  in  the  inner  tube,  and  even  by  a  third  intussusception 
Into  the  secoiid  one.    These  changes  occur  both  in  the  large  and  small  intestine ;  moat 


A  ponlrin  III  ibc  gill  la  uimpleMly  InVBRliinUKl  In  Ibe  se^it^nt  twlou'  aud  strangulaied. 

frequently  the  lower  part  of  the  Ileum  is  invaginateil  In  the  colon.  The  Invaginated 
portion  may  be  from  a  few  inches  to  several  feet  in  length.  The  lesion  is  most  fre- 
quently found  in  early  childhood. 

The  intussusception,  by  the  dragging  and  folding  of  the  mesentery  which  It  in- 
volves, may  lead  to  intense  congestion  of  the  parts,  and  even  to  large  hemorrhages  be- 
tween the  coats  of  the  intestine.  The  congc-slion  may  induce  fatal  peritonitis,  or  gan- 
grene of  the  intestine,  or  chronic  InllammatiOQ  and  udheGlons,  and  the  patient  may  live 


Fin.  X^.-INTfSSUSCKraON— AUOML  OR  PU^T-MOHTEH    IS  I.VT 


for  a  considerable  lime  with  symittoms  of  e 
portion  of  Intestine  sloughs,  tJie  outer  and 
patient  recovers,  with  or  without  stricture. 

Besides  this  grave  form  of  intussusception  we  often  find,  especially  in  children,  one 
or  more  small  invaginations  not  attended  with  cimgestlon  or  Inflammation.  These  are 
agonal  or  arc  formed  Immediately  after  death  <Fig,  823). 
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The  dislocation  and  protrusion  of  tlie  whule  or  a  pan.  of  an  iQlernal  organ  from  its 
normal  position  is  called  hernia.  This  may  occur  in  vsrioua  parts  of  tbe  body,  but 
itiosC  frequently  involves  tlie  Hbdouiinat  viscera,  especially  tbe  inlcstine  or  omentum. 
In  tbe  most  common  form  of  tbe  so-called  inguinal  liumla,  wbich  is  of  frequent  occur- 


F10.  32G.— IXOUJNiL  HKRNIA— IXTraTlKlL.  do.  SM.— INGL-IMAL  HKRN I* -OMENTAL. 

rencc  In  men,  there  is  a  descent  into  the  Inguinal  canal  of  either  a  loop  of  intestine  (Fig. 
333)  or  a  portion  of  the  omentum  (Pig.  334).  For  a  description  of  the  various  forms 
of  hernia  we  refer  to  works  on  surgery.  ^ 

Dilatation  of  the  Colon. 

This  may  be  congenital  or  acqiiireil  and  is  sometimes  excessive,' 

o],  cxviii.,   p.   125,1899,  bibliography ;  also 
,,  p.  1,  1899. 
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WOUNDS— RUPTUKBS. 


Penetrating  wounds  of  the  iutestine  usually  prove  rapidly  fatal,  either 
from  shock  or  from  peritonitis.  Bometimes,  however,  the  wound  be- 
comes closed  by  the  formation  of  adhesions  with  the  neighboriug  parts. 
Sometimes  the  wound  in  the  intestines  becomes  adherent  at  the  position 
of  the  wound  in  the  abdominal  wall,  and  an  intestinal  fistula  is  formed. 

Rupture  of  the  small  intestine  is  not  infrequently  produced  by  severe 
blows  on  the  anterior  abdominal  wall.  It  is  noticeable  that  such  blows 
may  not  produce  marks  or  ecchymoses  of  the  skin.  Such  ruptures 
usually  prove  fatal  very  soon,  but  sometimes  the  patient  lives  se\eral 
daj-s  and  the  edges  of  the  rupture  undergo  inflammatory  changes. 

Strictures  of  the  intestine  arc  sometimes  followed  by  rupture  of  the 
dilated  iutestine  at  some  point  above  the  stricture. ' 

DISTUSBAirOXiS  OF  THB  CntOtn.ATION— H2H0BBHAOB. 

Hyperemia  of  the  intestine  may  be  inflammatory  in  character  or  it 
may  be  associated  with  disturbance  of  the  portal  circulatiou.  Under 
both  of  these  conditions  ecchymoscs  may  occur.  Pigmentation  may  fol- 
low large  or  small  interstitial  hiemori'b^es. 

As  a  result  of  emboiism  or  thrombosis  of  the  mesenteric  vessels  hmmor- 
rhajfic  infarotiona  may  occur,  sometimes  involving  considerable  portion 
of  the  gut.'  Htemorrhage  into  the  lumen  may  follow,  or  gangrene,  or 
inflammation.  The  latter  processes  are  readily  induced  in  the  injured 
regions  by  the  bacteria  constantly  present  in  the  intestinal  contents. 
Septic  emboli  may  induce  suppurative  iuHammation  in  the  mesentery  and 
in  the  wall  of  the  intestine. 

Intestinal  heemorrhi^  may  occur  in  venous  congestion,  as  in  certain 
forms  of  cirrhosis  of  the  liver.  It  may  follow  ulceration,  in  typhoid 
fever,  in  chronic  colitis,  in  malignant  tumors,  etc. ;  it  niiiy  accompany 
infarction. 

DEaENEBATION. 

Amyloid  S^eneration  may  bet  iis.socia1ed  with  a  similar  process  else- 
where in  the  body.  The  iodin  test  maj'  reveal  the  existence  of  this 
alteration  iu  the  villi  of  the  small  jntestiiie. 

QriT.AlfIU.TION. 

Inflammation  of  the  Small  Intestine.  (Eniftifis.) 
Aoute  Caturbal  Enteritis. — This  may  occur  under  conditions  similar 
to  those  inciting  catarrhal  inflammation  in  tlie  stomach.  It  may  be  local 
or  general  and  may  be  associated  with  similar  processes  in  the  stomach 
and  colon.  In  ptomain  poisoning  the  lesions  are  often  severe.  Com- 
'  Sec  summary  of  cases  by  Oallaterdin,  Gnz.  des  Hdpllaux,  Aug.  34th  aad  31st.  1901, 
bibliography. 

'  For  a  fuller  consideration  of  thromiioais  of  the  m<.-seriteric  veins  consult  Weleli,  All- 
butt's  "System  of  Mwlicinc,"  vol.  vl..  p.  218. 
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paratively  mild  forms  of  the  lesiou  may  predispose  the  intestiue  to  the 
iucursioDs  of  iutestiual  bacteria  aud  the  development  of  more  severe 
forms  of  destructive  lesioiis.  The  mucosa  may  he  reddened  or  ecchy- 
mosed,  and  covered  witli  mucus  miugled  with  degenerated  epithelium 
and  leucocytes.  The  epithelium  may  be  degenerated  and  peeled  off  (Fig. 
326),  and  the  cylindrical  cells  may  be  dis- 
tended with  mucus  formed  within  tliem — 
"beaker  cells." 

The  solitary  and  agmiuated  lymph-nod- 
utesmay  be  swollen  from  hyperplasia.  (See 
Lesions  of  the  Lymph-nodes,  page  394.) 
When  this  hyperplasia  is  marked  (Fig. 
326),  the  lesion  is  often  called  folliadar  or 
nodviar  enteritis,  and  erosions  and  ulceration 
may  occur  (Figs.  333  and  334).  For 
hyperplasia  of  the  lymphoid  tissue  of  the 
intestine  in  tj^phoid  fever  see  page  228. 

Chronic  Catarrhal  Enteritis.— This  may 
follow  the  acute  form  or  occur  indepen- 
dently. It  often  accompanies  many  forms 
of  chronic  disease   of  the   heart,    kidneys, 

Inngs,  etc.  The  mucous  membmne  may  be  no-  8».-Acm  catirrhal  es- 
covered  with  mucus;  eechymoses,  eri 
aud  pigmeutatiou  are  frequent.  There  is 
hyperplasia  of  the  interglandular  tissue  of 
the  mucosa  and  the  submucosii.  In  this 
way  there  may  be  atrophy  of  the  glands  and  the  mucous  membrane 
may  be  thin  and  fibrous.  The  muscularis  may  also  be  involved  and 
atrophied.  The  submucosa  and  the  muscular  layer  may  on  the  other 
Jiaud  bo  thickened  from  the  new-formed  fibrous  tissue. 


!'>Kin'IIl(r  Uie  open  pnd  of  i 
tubultr  glaadB  nilb  eitolli 
dlstDteitratliig  eplLhellum. 


no.  S28.-NODl'L* 


Psendo-membranoQi  Enteritis  may  occur  in  connection  with  a  similar 
condition  in  the  colon,  in  infectious  diseases,  in  chronic  diseases  of  the 
liver  aud  kidney ;  in  cachectic  conditions,  or  as  the  resnlt  of  the  ingestion 
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of  irritant  poisons.     The  luacous  membrane  may  be  tbe  seat  of  snperficial 
necroses,  sometimes  in  patches,  and  tlie  pellicle  may  consist  lai^ely  of 
mucus  with  necrotic  epithelium.     Fibrin  may  be  present  and  fibrin  and 
extravasated  leucocytes  and  serous  fluid  may  infiltrate  the  submucosa. 
Exudative  or  Suppurative  Enteritis  is  rare.     Purulent  foci,   usually 


Fid.  3n.— TrBERCL^Lors  ULrEita  or  the  hhill  Intestine. 
Id  tbe  larger  ulcere  0\e  mucuiui  nieniliraae  Is  alinoet  i^ntlrely  eoae.  leaving  Ibe  muMulariB  eiposed  at  Um 


metastsitic  in  origin,  may  form  in  the  wall  of  the  intestine.  A  more  dif- 
fuse suppuration  may  follow  infection  after  obstruction  orstrauguiation.' 
Tnberonlons  Enteritii.— The  lymph-nodules  and  Peyer's  patches  are 
often  involved  in  intestinal  tuberculosis  and  often  ulcerate  (Fig.  327). 
Miliary  tubercles  may  be  present  witheheesy  degeneration  (Fig,  328)  and 
the  subperitoneal  lymphatic  vessels  are  often  involved  and  may  appear 
as  whit«,  nodular,  branching,  slightly  elevated  cords,  running  around  the 


nn.KS.-SECTlON   OP  A   TL-BEBcrLOrS  UlCEB  OF  TFIK  PllAl.L  INTESTINE. 

8bowlDg  tubervlo  U»sue  wUb  mlllHry  tubercles  and  raseullim  at  the  IxilUim  uf  tbe  ulcer.    There  are  muiarj 

gut  (Fig.  320).  Tuberculous  ulcers  are  apt  (o  extend  most  rapidly  in  a 
direction  transverse  to  the  axis  of  the  gut  (Fig.  330),  differing  in  this 
respect  from  typhoid  ulcers  (see  page  230).     But  to  this  there  are  fre- 

'  For  refereoce  to  bacteria!  excitaiiia  of  c-utcritis  see  footnote,  p.  560. 
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qnent  exceptions.  Tuberculoua  ulcers  rarely  perforate.  (See  for  other 
forms  of  tuberculosis  of  the  intestine  page  560.') 

Syphilitic  Vloeis,  originatlug  iu  the  lymphatic  structures,  are  sometimes 
foimd  iu  iufautile  syphilis. 

Soodenal  Tnoen  may  be  tuberculous  or  may  follow  exteusive  bums. 


Fia.  3(».— BUBBKROI'S  Tl-UKRULES   FOLWWINO  THB  LVMPH'VESSILg  AT  THK  BUTTOU   Or  A  Tl-BERCfLOfS 


111  the  latter  case  their  mode  of  origin  is  obscure.     They  may  occur  iiiider 
a  variety  of  other  couditions." 

Other  Forms  of  Uloers. — The  solitary  and  iigminated  lymph-nodules 
frequently  undergo  hyperplasia,  iu  iufectious  diseases,  after  extensive 


Fio.  330.— T[rBBRcrL0i"3  ri.o 


burns,  in  various  forms  of  iufiammation  of  the  intestine.  Hyperplasia 
of  the  lymphatic  tissue — see  above — with  ulceration  is  especially  frequent 
in  children. 

'  For  statistics  of  intestinal  tuberculosis  see  Zahn.  Mltncli.  med.  Wocii.,  Jan.  14th, 
1902;  a]so  A'^telthau.  ibid. .  July  1st  and  28r]i,  1908;  also  Wtigener.  Mtlnch.  meil.  Woch., 
Nov.  a4tli  and  Dec.  lat,  1908.  For  preseupe  of  tubercle  bacilli  in  mesenteric  lymph- 
nodes  see  Matfadyen  and  Mateenkey,  Br.  Med,  Jour.,  July  IStU.  1903. 

<  For  a  study  of  duodenal  ulcers  see  Wni;  Medical  Record,  May  Stli,  1900,  bib* 
liography. 
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Anthrax  Infection  of  the  Intestine  (Hyeosia  IntestinaUs).~Tbe  anthrax 
bacillus  may  find  lodgment  in  the  intestinal  mucous  membrane  either  by 
the  ingestion  of  food  containing  the  germ  or  by  metiistasis  through  the 
blood  from  some  other  sejtt  of  infection,  especially  the  skin. 

The  intestinal  lesions  are  most  apt  to  occur  in  the  small  intestines  and 
iu  the  upper  part  of  the  colon.  The  mucous  membrane  is  studded  with 
larger  and  smaller  brown  or  black  frequently  elevated  patches,  or  areas 
of  local  cougestiou,  or  hsemorrb^e,  or  necrosis.  The  mucous  membraue 
near  the  indamniatory  and  necrotic  foci  may  be  cedematous.  Hyperplasia 
of  the  spleen  and  lymph -nodes  isapt  to  accompany  the  intestinal  anthrax. 
The  anthrax  bacillus  may  be  found  about  the  seat  of  local  leition  in  the 
intestine,  iu  the  associated  lymph-nodes,  and  when  secondary  to  local 
infection  elsewhere  it  may  be  found  in  the  primary  lesiou  and  in  the 
blood. 

It  is  believed  that  other  forms  of  bacteria  may  cause  intestinal  lesions, 
somewhat  similar  to  those  of  anthrax,  but  the  researches  In  this  diiw- 
tiou  are  not  yet  suflBciently  numerous  to  iMjrmit  of  ^'ery  definite  statc- 
meuts. ' 

Inflammation  of  the  Large  Intestine.     (Colitis.) 

The  mucous  membrane  of  the  lai^  intestine  is  frequently  the  seat  of 
acute  and  chronic  inflammatory  and  necrotic  processes  known  clinlcalty 
as  dysentery.^  The  n-ctiim  is  most  often  involved,  but  sometimes  the  up- 
per part  of  the  colon  and  sometimes  the  whole  colon  is  affected. 

Acute  Catarrhal  Colitis. — This  proc<^'ss  is  fre<)uently  limited  to  the 
lower  end  of  the  colon  and  presents  several  types.  There  may  be  an  iu- 
created  prodncMon  of  mucus,  which  coats  the  surface  of  the  mucous 
membrane  and  is  mixed  with  exfoliated  and  fatty  or  disintegrated  epi- 
thelium and  red  blood  cells.  Thesnrface  epithelium  maybe  degenerated 
and  exfoliate,  many  "beaker  cells"  being  present,  indicating  the  source 
of  over  production  ot'niucus(Fig.  330a).  The  mucous  membraue  may  be 
congested  and  infiltrated  with  serum  and  leucocytes.  Again,  with  con- 
ditions similar  to  those  just  described,  there  may  be  a  purulent  exudate 
in  the  mucous  membrane.  There  is  a  form  of  catarrhal  colitis  in  which 
thero  is  a  more  or  Icks  extensive  formation  of  new  connective  tissue  be- 
tween the  glands  and  in  the  submucasa.  Finally,  there  may  be  small  or 
extensive  nlceration  in  the  involved  areas  of  the  mucosii. 

Acute  Infeotiona  Colitis  (Tropical  Dysentery)  is  of  es)>ecially  frequent 
occurrence  in  warm  countries  and  is  often  epidemic.  Iu  one  gi-oup  of 
cjLscs  (ff )  the  disease  is  probably  incited  by  protozoa — amcebfe  coll ;  while 
in  the  other  (h),  bacteria,  some  apjiarently  related  to  the  typhoid-colon 
bacillus  group,  and  possibly  others,  su-e  believed  to  be  the  excitants. 

'  For  references  to  intestinal  bacteria  see  footnote,  p,  S80. 

'  The  dassificatioti  ut  these  lesions  is  with  our  present  knowledge  iinsatlsfuctory. 
and  is  largely  based  upon  iiioriiliology.  In  sotiie  pliases  of  so-called  dysenterj- — infec- 
tious colitis — however,  tlie  nutiire  of  the  excitant  is  taken  iuto  the  account.  Consult 
for  a  special  study  of  forms  of  colitis  seen  in  New  York  Delajield,  Am.  Jour.  Med.  Sci- 
ences, vol.  ciiv,,  p.  401,  1897. 
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(o)  Amcebic  Colitis. — Thia  form  of  colitis  is  apparently  incited  by 
the  ]>rcseuce  in  the  wall  of  the  intestine  of  the  Amoeba  coli. 

The  amoebie  are  found  in  the  gelatinous  masses  which  are  commoD  ia 
the  stools.  They  are  of  rounded  shape,  and,  when  alive,  change  their 
position  and  sboot  out  and  retract  little   projections  (pseudopodia). 


Tbe  eplUieUum  of  tbv  [ubulsr  icUDdB.  eipeclallj  near  Uielr  moultLi.  Is  tanning  an  pxoiBslve  unount  of 
tnuous  wits  destruction  iipd  eifollailon  of  the  celts.  The  tubules  are  dilated  with  mucus  which  com™  the 
aurtao-.    The  miKvsB  at  Uiu  rtHht  Is  necrotic  and  farms  the  edtie  of  an  ulcerated  ar«a. 

Their  outer  portion  is  composed  of  a  pale  hyaline  or  homogeueous  sub- 
stance; the  inner  contains  vacuoles  and  is  more  refractive  (see  page  129). 
In  the  colon  the  anioebEe  are  found  iu  the  connective-tissue  coat  (Fig. 
331)  and  in  the  floors  of  the  ulcers. 
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Amoeba  excites  at  first  a  moderate  exudative  and  prodttctive  ioflam- 
matioD  followed  by  iiecroais.  Thus  ulcerB  are  formed.  Tbe  ulcers  may 
be  superficial  or  deep,  sometimes  extending  to  the  peritoneuio ;  they  en- 
large by  infiltration  and  necrosis  at  their  edges,  so  that  extensive  destruc- 
tion of  the  mucous  membrane  may  oceur.  Tbe  amceba  may  be  present 
in  the  connective  tissue  at  the  base  or  sides  of  the  ulcers.  Kot  infre- 
quently, owing  to  bacterial  infection  from  the  intestinal  contents,  vary- 
ing degrees  of  suppurative  inflammation  may  complicate  tbe  lesion. 

Necrotic  and  suppurative  processes  may  be  set  up  in  the  liver  (see 
page  50^)  and  in  the  right  lung,  and  in  the»e  lesions  the  amoeba  may  be 
found. 

(ft)  Acute  Isfectious  Colitis  with  Bacterial  Excitants. — 
The  lesions  in  those  forms  of  infectious  colitis  which  are  not  associated 
with  amceba  are  varied,  and  it  is  not  yet  possible  to  give  a  very  precise 
morphological  characterization  of  them.  In  general  it  may  be  said  that 
the  lesion  when  pronounced  is  pseudo-membranous,  exudative,  and  necro- 
tic, with  more  or  less  ulceration  of  the  mucosa  and  submucosa. 

The  earlier  bacterial  studies  of  the  various  tyi)es  of  infectious  colitis 
— dysentery^ — tropical,  epidemic,  sporadic,  or  pseudo-membranous,  gave 
little  definite  data.  Many  bacteria  were  found,  most  of  them  of  species  - 
not  infrequently  present  in  the  normal  intestine.  In  1897,  however, 
Bhiga  made  a  careful  study  of  a  series  of  ca.ses  in  a  serious  dysentery 
epidemic  occurring  at  that  time  in  Japan.  Shiga  found  constautly  in 
these  cases  a  baeillus  —  Bacillus  dysenterke  —  not  normally  present  and 
pathogenic  for  animals,  which  gave  agglutinative  reactions  with  tbe  serum 
of  the  dysentery  patients.  This  bacillus  was  formerly  regarded  as  simi- 
lar to  the  typhoid  bacillus,  but  can  now  be  readily  differentiated  from  it.' 
Two  years  later  Kiuse  found  a  similar  bacillus  in  cases  of  dysentery  oc- 
curring in  Germany,  and  Flexner  and  Strong  have  found  one  which  they 
believe  to  be  identical  in  tbe  Philippines.  It  has  since  been  found  in  nu- 
merous instances  in  the  United  States. 

Considerable  doubt  has  arisen  regarding  the  significance  of  many  of 
the  later  determinations  owing  to  the  fact  that  until  recently  some  of  tbe 
distinctive  biological  characters  were  not  generally  known,  and  that  the 
agglutiuation  reactions,  if  not  carried  out  with  extreme  care,  may  lead 
the  observer  astray. 

We  cannot  enter  here  upon  the  details  of  the  various  studies  of  this 
subject.  It  at  present  seems  likely  that  the  Shiga  bacillus  is  the  excitant 
of  some  forms  at  least  of  tropical  and  epidemic  or  sporadic  dysentery. 
Whether  tbe  occurrence  which  has  been  described  of  this  bacillus  or  va- 
riants of  it,  in  other  forms  of  intestinal  disorder,  such  as  some  types  of 
infantile  diarrhoea,  is  of  significance  or  not,  it  is  yet  too  early  to  eay. 

While  the  value  of  protective  serum  prepared  by  animal  inoculations 
of  Shiga's  bacillus  has  t>een  claimed,  tbe  evidence  is  yet  too  meagre  to 
permit  of  final  judgment," 

'  See  Bim  and  Rvtselt.  Med.  NewB,  Feb.  I4tb,  1908. 

'  For  a  general  Btatement  of  forms  and  lesions  of  dysentery  and  ita  relatioDshlp  to 
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Bacillus  pyocyaneuB  has  beeu  repeatedly  found  in  the  discharges  in 
«aseis  of  dysentery  as  well  as  in  other  intestinal  disorders  under  conditioiis 
which  justify  the  conjecture  that  it  is  sometimes  at  least  au  excitant  of 


Fin.  338.— NODULAB  COLITIS— rOLLICrUAR  COLlTlg. 

DDitnicliis  necroda  ol  Ibe  mucoai  over  tbe  bTperplaXli^  lympb-nodule. 


intestinal  inflammation  and  necrosis.'     Streptococcus  pyogenes  has  been 
repeatedly  found  iu  association  with  colitis. 

irodalsr  Colitis  (Follioular  Colitis). — Iu  many  cases  of  catarrhal  and 
croupous  inflammation  of  the  colon  the  solitary  follicles  (lymph -nodules) 
become  more  or  less  'swollen  and  necrotic  Besides  these  cases,  however, 
there  are  others  in  which  the  changes  in  the  nodules  form  tbe  principal 


part  of  the  lesion,  while  the  catarrhal  or  croupous  inflammation  is  but 
slightly  developed.  The  lesion  is  similar  to  that  in  nodular  enteritis. 
The  nodules  are  first  swollen — hyperplastic — (Fig.  332),  then  necrotic, 
then  slough  away  and  leave  little  circular  ulcers  with  overhanging  edges 

tnicro-orgaoisma  Bee  FUxner,  Pbila.  Med,  Jour.,  vol,  vi.,  p.  414,  1900;  see  alao  T^nU, 
Kolle  ann  WaasermauD  "Haadbuch  der  MikroorganismeD, "  fid.  i.,  p.  80B. 
'B««  LaTtigaa,  Jour.  Exp.  Med.,  vol.  iii..  p.  595,  1898. 
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(Fig.  333).  These  ulcers  are  usually  numerous  (Fig.  334)  and  may  be 
scattered  over  a  large  part  of  the  colou.  The  ulcers  are  apt  to  show  hut 
little  disposition  to  heal,  and  the  acute  colitis  often  becomes  chronic. 


Trom  ine  tnlefllne  ot  >  ctilld  abowiDg  Dunicmus  ulrentarulrlagBOUlarT  nodutei.    K'vmpHn'  Fie-  3M.| 

Pundo-membranons  (CronpooB)  Colitis. — This  form  of  infiammation  may 
involve  the  rectum  alone,  or  the  entire  length  of  the  colon,  or  only  its 
upper  portion.  The  nnicous  menibmne  is  congested  and  snollen,  and 
coated  with  a  layer  of  false  membrane;  the  connective  tissue  between  and 
beneath  the  gland  tubules  is  infiltrated  with  fibrin  and  pus,  and  in  severe 


FHi.  33i.-PSKi[.o-MKiiiiHAMna  UROlcoisi  Colitis. 

oases  the  inflammation  involves  the  muscular  and  peritoneal  coats  also. 
The  inflammation  is  usually  more  intense  at  mnie  places  than  at  others, 
so  that  the  surface  of  the  niucoiia  membrane  shows  the  false  membrane 
in  isolated  patches.  Ijess  frequently  there  is  a  uniform  coating  with  the 
false  membrane.  In  mild  csises,  as  the  inflanimatiun  subsides,  the  prod- 
ucts of  inflammatiou  are  absorbed  and  the  wall  of  the  intestine  rettims 
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to  its  nonnal  conditioo.  In  more  severe  cases  the  quantity  of  the  inflam- 
matory prodncts  Ib  so  great  that  portions  of  the  wail  of  the  intestine 
become  necrotic  This  necrosis  may  involve  only  the  glandular  coat,  or  it 
may  extend  deeper  into  the  wall  of  the  intestine.  The  necrosed  tissue  after 
■A  time  sloughs  away,  leaving  behind  ulcers  of  different  sizes  and  depths. 
After  this  the  ulcers  may  cicatrize,  or  their  floors  and  walls  may  remain  in 
the  condition  of  granulation  tissue  for  an  indefinite  length  of  time.  When 
the  latter  is  the  case  there  is  added  a  chronic  inflammation  of  the  wall  of 


Pio.  83tt.— NKORonc  COLrrlB. 
m  Slid  tiecroslB  of  tbe  Kluidular  an 


the  intestine  between  the  ulcers,  with  changes  in  the  mucous  membrane 
and  tliickening  of  the  connective-tissnc  and  muscular  coats. 

KecTotic  Colitis. — There  is  a  form  of  inflammation  of  the  colon  in 
which  coiisidenvble  areas  of  the  connectivetissne  coat  become  necrotic, 
leaving  the  glandular  coat  undennined  and  sepanited  from  the  muscular 
coiit.  In  this  way  lai^  ulcers  with  overhanging  edges  are  developed. 
This  form  of  colitis  is  very  fatal. 

There  is  another  very  fatal  and  obscure  form  of  necrotic  colitis  which 
appears  to  t>e  septic  in  character.  After  death  the  inner  surface  of  the 
colon  is  found  studded  with  little  blackish  areas  in  which  tbe  blood-ves- 
sels arc  gorged  with  blood.  The  glandular  and  connective-tissue  coats 
are  infiltrated  with  pus  cells  and  there  is  a  superficial  necrosis  (Fig.  336). 

Various  forms  of  micro-organisms  have  been  found  in  connection  with 
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suppurative  and  necrotic  lesions  of  tlie  ileum  and  colon;  Btreptococcns 
pyogenes,  Staphylococcus  pyogenes,  Bacillus  eoli  communis,  Bacillus 
proteiis.  Bacillus  pyogenes,  and  others.  The  significance  of  these  oi^n- 
isms  is  not  yet  clear.' 

HaoooB  CoUtiB  (Hembranou  Colitis).— Under  a  variety  of  obscure  con- 
ditions, probably  sometimes  inflammatory  in  character,  shreds  or  sheets 
or  even  cylindrical  cast.s  of  the  interior  of  the  gut  are  passed  from  the 
bowels.  These  consist  of  dense  mucus  often  mingled  with  degenerated 
epithelium.' 

Chronic  Colitis. — In  prolonged  iiifiammationof  the  colon  marked  struc- 
tural altenitinns  may  take  place.     The  glandular  coat  may  be  nnifomily 


Fig.  3ST.— (HltOMc  Colitis  with  Extknsitb  Ulcbratios  o*'  thk  Micors  Heubhake. 
In  plAces  oalT  ■  tew  nvRHl  i^lels  of  murous  nti^mbninp  un  leK.  the  musrulirls  (onnltiff  tbe  buttom  of  tbe 


thickened,  or  thrown  into  tbe  form  of  polypoid  tumors,  or  atrophied,  or 
destroyed  by  ulcet-s  of  various  sizes  and  shapes  {Fig.  337).  Small  cysts 
may  form  from  the  retention  of  niucns  in  the  follicles.  The  connective- 
tissue  and  muscular  coats  may  be  thickened  or  thinned.  Apparently 
chronic  colitis  may  follow  any  of  the  forms  of  acide  colitis. 

Repair  may  follow  even  considerable  losses  of  substance  in  the  intes- 
tinal mucous  membrane.  The  new-formed  connective  ti.s5ue  may  under- 
go slight  or  marked  cicatricial  contraction.  The  denuded  surfaces  may 
become  co^■ered  anew  with  epithelium  derived  from  the  intact  cells.' 

'Sec  Krute  and  Pfiaqnah.  Zeita.  f.  Hygiene  und  Infkr.,  Bd.  xvj..  p.  1.  1894:  also 
CerennlU,  Tatel,  and  otliers.  Ann.  Suissea  des  Sc.  Med.,  bkt.  ii.,  p,  531,  1895. 

SI'S  for  consideration  of  Streptococcus  eiilfritidis  in  infants.  Hirseli,  Ccntralbi.  f. 
Bak..  Abtli.  I..  Bd.  \x\\..  p.  SQ9.  bibliography. 

Forastudv  of  intestinal  bacteria  Bee  I^mbke.  Arcli.  f.  Hygiene.  Bd.  xxvi.,  p.  298, 
1896,  bibl,;  also  M'tre't  "Bacteriologie."  1901,  p.  M^telneq.;  A'oAWrug^.  Centra ibl, 
t.  Bak.  (I,  Abth,),  Bd.  mx..  1901,  pp.  10  and  70;  rurd.  "Studies  Royal  Victoria  Hos- 
pital." Montreiil,  vol.  I.,  1903.  ri-snme  aad  blbl. 

'  Numerous  observations  Iiave  been  made  and  a  large  bibliograptiy  has  been  gatli- 
ered  on  what  is  railed  membrnnmn  entn-itiii  or  ci>liii*.  for  which  the  reader  may  consult 
Butler,  New  Vork  Jledical  Journal,  Dect-mber  3etii.  1895.  or  Akerliiiid,  Arch.  f.  Ver- 
dauiinEskrankliciten,  Bd.  i..  p,  396.  1896. 

^  For  study  of  regeneration  of  inlcfiliiial  epithelium  see  Qiienn  and  Branca,  Arch,  d, 
MM,  exp.,  \o\.  xiv..  1902,  p.  40.1. 
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The  C^cum. 


Catarrhal  Inflammation  of  the  cfectim  is  not  uucommon.  It  is  usually 
produced  by  an  habitual  accumulation  of  fjeces  in  this  part  of  the  intes- 
tine. The  course  of  the  inflammation  is  usually  chronic,  but  marked  by 
acute  exacerbations.  At  first  the  mucous  membrane  undergoes  the  ordi- 
nary changes  of  chronic  catarrhal  iufiammation.  To  this  may  succeed  a 
slow  suppurative  iuflammatiou  which  extends  through  the  wall  of  the 
intestine  and  gives  rise  to  ulcere  and  perforations. 

Through  these  perforations  the  fieces  may  pass  into  the  peritoneal 
cavity,  or  the  perforations  are  partly  closed  by  adhesions,  and  abscesses 
are  formed,  or  sinuses  into  the  surrounding  soft  parta 

Chronic  Hyperplastic  TnberculouB  of  the  IleoKtffioal  R^on  and  Other  Parti 
of  the  Intestine. — Attention  has  recently  been  called  to  a  pecnliar  form  of 
tuberculous  inflammation  of  the  intestine  which  is  characterized  by  the 
eslensive  formation  of  small  spheroidal -celled  and  flbrous  tissue,  espe- 
cially in  the  submucosa  and  often  involving  the  muscular  wall  and  the 
snbsei-ons  layer.  Miliary  tubercles,  cheesy  degeneration,  and  ulcera- 
tion are  not  usually  conspicuous  features  of  the  lesion.  The  ileo-ciecal 
region  is  most  often  involved,  the  rectum  less  frequently,  while  the  lesion 
is  rarely  limited  to  the  ileum.  Both  the  large  and  small  intestine  may 
be  involved  together.  ITie  new  tissue  may  form  a  circumscribed  annular 
thickening  of  the  wall  of  the  gnt,  or  it  may  occur  as  a  distinct  tumor  or 
as  polypoid  projections  of  the  mucous  membrane.  The  intestine  in  the 
vicinity  of  the  involved  portion  may  be  enclosed  in  a  mass  of  fibrous  fat 
tissue.  Owing  to  the  thickening  of  the  wall  of  the  intestine  the  lumen 
may  be  much  narrowed  or  nearly  completely  stenosed.  On  Bection  of  the 
thickened  areas,  caseous  foci  may  be  revealed ;  ulcerations,  in  rare  cases, 
may  be  absent ;  more  often  they  are  moderate  or  extensive. 

The  microscopical  examination  shows  that  while  miliary  tubercles  and 
cheesy  degeneration  are  commonly  to  be  detected,  the  new  tissue  consists 
in  the  main  of  collections  of  smalt  spheroidal  cells  with  more  or  less 
fibrous  stroma  and  occasionally  giant  cells  and  of  moderately  cellular  or 
dense  librous  tissue.  The  polyhedral  cells  common  in  tuberculous  in- 
flammation are  not  as  a  rule  conspicuous.  The  new  tissue  is  usually 
most  abundant  in  the  submucosa.  The  mucosa  may  be  similarly  thick- 
ened, usually  in  polyi)oid  form,  or  unchanged ;  it  may  show  simple  ca- 
tarrhal alterations  or  may  contain  miliary  tubercles  or  be  ulcerated.  The 
muscular  coat  may  be  also  infiltrated  and  much  thickened  by  the  new- 
formed  cellular  and  fibrous  tissue  and  there  may  be  muscular  hyper- 
trophy. The  iissociatedljTuph-nodesmaybe  involved.  Tubercle  bacilli 
are  present  in  the  lesions,  sometimes  in  enormous  numbers.  The  process 
appears  to  be  sometimes  primary  in  the  intestine ;  sometimes  it  occurs 
with  or  follows  tuberculous  lesions  of  the  lungs.  Hyperplastic  tubercu- 
lous lesions  limited  to  the  cfficum  have  frequently  been  operated  upon 
3S 


Digitized  by  Google 


562  THE   DIGESTIVE  BYSTEM. 

under  the  impression  that  the  process  was  cancerous.  Lartigau  has  sug- 
gested that  the  peculiarities  of  this  process  may  be  due  to  infectiou  with 
au  attenuated  form  of  the  tubercle  bacillus.' 


The  Bectum. 

Besides  injlantmatory  ekang&i  similar  to  those  already  described  as  oc- 
curriug  in  the  colon,  we  sometimes  find  a  suppurative  inflammation  of 
the  connective  tissue  which  soiroTinds  the  rectum,  either  associated  with 
lesions  of  the  mucous  membrane  or  occurring  by  itself. 

In  adults  the  lower  end  of  the  rectum  is  the  part  of  the  intestine 
which  is  the  most  frequent  seat  of  syphilitic  ulceration.  Most  of  these 
ulcers  seem  to  be  the  result  of  unnatural  coitus,  or  of  infection  fi-om 
specific  sores  of  the  vulva;  but  some  of  them  seem  to  be  due  to  the 
softening  of  gummy  tumors.  The  gonococcus  is  an  occasional  excitant 
of  inflammation  of  the  rectum. 

Strictures  of  the  rectum  may  be  due  to  tumors,  to  cicatrices  following 
trauma  or  inflammation.' 

HcBmiyrrhoiAs  (Piles). — Ectasiie  of  the  htemorrhoidal  veins  are  of  fre- 
quent occurrence.     They  are  most  f  I'equent  in  adults  and  are  usually  due 


FIC.  388.— HAEMORRHOIDS. 

id  dllBied  vfHiela.    Coverad  witb  epiUielluiii 
-t  it  was  atUcbed. 

to  venous  obstruction  in  cirrhosis,  chronic  constipation,  pelvic  tumors, 
chronic  inflammation  of  the  rectum,  etc.  The  enlai^ed  veins  may  be 
within  or  without  the  sphincter — internal  or  external  htemorrhoids.  The 
dilated  veins  may  have  thickened  walls  and  may  be  surrounded  by  new- 
formed  connective  tissue.  The  projecting  mass  in  external  hEcmorrhoids 
may  consist  in  part  of  dilated  vessels,  in  part  of  fibrous  tissue,  and  is 
covered  by  thickened  epithelium  (Fig.  338).     Considerable  hasmorrhage 

'  For  ti  study  aatl  bibl.  s 
'  For  bibliograpliy  of  ui 

Aaax      vol     tviiv      t,    9.T-S»    1 
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may  take  place  from  hietiiorrlioids,  and  tliey  may  afford  a  portal  of  entry 
of  bacteria  leadii^  to  local  or  general  infection. 

The  Appendix  Vbbmiformis. 

Inflammation — Appendioitii. — Inflammation  of  the  appendix  may  pre- 
sent various  phases. 

1.  The  mucous  membrane  may  be  the  seat  of  acute  catarrhal  inflamma- 
tion. This  is  of  mitd  type  and  short  duration,  with  congestion,  swelling, 
and  an  inereaaed  production  of  mucus;  or  it  is  of  severer  type,  of  longer 
duration,  and  the  cavity  of  the  appendix  is  distended  by  mucus  and  pus. 

2.  The  entire  thickness  of  the  wall  of  the  appendix  may  be  the  seat 
of  an  acute  exudative  injlammaticm.     The  appendix  is  very  much  increased 


rui.  338,— Acute  SvpptRATi 
Appendix  remoTed  byoperstlun  Iw^re  boura  after  Hmt  lymplonis. 
eiudale.    1,  Nucuui  membrBoe  of  the  oppeDdli:  2.  lympbHtJc  noduLa  Id  tbe  mucous  membniDe;  3.  nub- 
RiUL'Om ;  4.  muarululgj  6.  mvmileiT  of  tDe  appendix  :  fl,  pua  and  abrin  covering  Uie  appendix :  T,  dense 
Innitretlon  uf  Ibe  wall  of  (be  appendix  wllh  pui. 

in  size,  sometimes  to  the  size  of  a  man's  finger.  This  increase  in  size  is 
due,  not  to  a  dilatation  of  the  cavity  of  the  appendix,  but  to  a  thicken- 
ing of  its  walls.  The  walls  are  congested,  swollen,  infiltrated  with  fibrin 
and  pus,  the  peritoneal  coat  is  covered  with  fibrin.  There  is  neither 
necrosis  nor  perforation.  If  the  appendix  is  behind  the  caecum,  or  if 
adhesions  are  formed  early,  there  is  only  a  localized  peritonitia  If  tbe 
appendix  projects  freely  into  the  peritoneal  cavity  and  no  adhesions  are 
formed,  a  general  peritonitis  may  be  soon  established. 

3.  At  one  or  more  points  in  tbe  wall  of  tbe  appendix  there  is  an  ex- 
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lidalive  inflammation  with  necrosis.  In  tbis  way  small  or  lai^  portions  of 
the  wall  of  the  appendix  are  destroyed,  large  or  small  perforations  are 
formed,  aud  the  contents  of  the  api>endix  escape  into  the  abdominal  cav- 
ity. In  these  eaees  the  appendix  usually  contains  a  frocal  concretion. 
Such  perforations  are  usually  followed  by  the  collection  of  pus  around 
the  appendix  (Fig.  339).  The  pus  may  extend  from  this  abscess-like 
collection  in  any  direction  and  for  long  distances,  so  that  collections  may 
be  found  deep  in  the  pelvic  cavity,  or  under  the  diaphragm,  or  abscesses 
may  form  at  other  remote  pointa 

4.  The  entire  appendix  becomes  gangreatyus  within  one  or  two  days, 
with  the  formation  of  an  abscess,  or  general  peritonitis.  This  is  the  most 
fatal  form  of  appendicitis. 

5.  Inflammation  of  the  appendix  may  be  secondary  to  catarrhaf  or 
croupous  colitis. 

6.  In  typhoid  fever  there  may  be  changes  in  the  wall  of  the  appendix 
of  a  character  simitar  to  those  in  the  wall  of  the  small  intestine;  that  is, 
hyperplasia  of  the  lymphoid  tissue  with  necrosis. 

7.  There  may  be  a  tubercuJona  inflammation  of  the  appendix,  with  the 
formation  of  ulcers. 

As  the  result  of  chronic  inflammation  in  the  appendix,  atrophy  of  the 


showing  atallWraaoii  or  Uie  gUnds  and  lymphoid  tissue  wllb  new  flbruus  tissue  In 


glands  and  lymphoid  tissue  with  increase  of  the  fibrous  tissue  (Fig.  340) 
and  strictures  or  obliteration  of  its  lumen  may  occur  (Fig.  341). 

The  lumen  of  the  appendix  frequently  contains  concretions  of  frecal 
material  which  have  often  been  mistaken  for  foreign  bodies.  Foreign 
bodies,  such  as  grape  and  apple  seeds,  and  various  small  objects  which 
have  been  swallowed,  sometimes,  though  rarely,  find  their  way  into  the 
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appeudix. '  Both  the  fsecal  concretions  and  the  foreigo  bodies  may  act 
as  important  predisposing  agents  of  iufiammatiou  and  perforation  of  the 
appendix,  through  pressure,  erosion,  etc.,  of  the  mucous  membrane,  af- 
fording portals  of  entry  to  various  forms  of  pathogenic  micro-organisms. 
The  bacteria  most  commonly  foand  associated  with  the  lesions  of  acute 
appendicitis  and  its  accompanying  peritonitis  are  Streptococcus  pyo- 


HE    L[.'ll£l(  BY    FlBBOCB  T[BSUE. 

genes,  Staphylococcus  pyogenes,  the  Bacillus  coli  communis,  and  Bacillus 
proteus." 

TUHORB  OP  THB  INTESTINB.' 

Fibroma  and  Lipoma  may  be  developed  from  the  submucous  coat  and 
grow  inward,  or  from  the  subserous  coat  and  project  outward  into  the 
peritoneal  cavity. 

ICyoma  may  originate  iit  the  muscular  coat  and  project  inward,  ob- 
structing the  intestine.  In  the  duodeniun  such  tumors  may  obstruct  the 
common  bile  duct.  Less  frequently  these  tumors  project  outward  into 
the  peritoneal  cavity. 

'  For  a  study  of  foreign  bodies  in  appendix  see  Mitchell,  Johns  Hopkins  Hospital 
Bulletin,  vol.  X.,  p.  35,  1899. 

*  Hodenpsl,  "Etiology  of  Appendicilia,"  New  York  MedicalJournal,  December  80th, 
18B3,  Cona\i\t  a\so  Keiynaek,  "Pathology  of  the  Vermiform  Appendix,"  London.  1898. 
Berry,  Jour,  of  Path,  and  Bact.,  vol.  ill.,  p.  180,  1896  (bibliography).  ItObeH.  Virch, 
ArcL,  Bd.  cxx\ii,.  p.  66.  For  bacUsrial  report  seu  Loir,  Reports  BMton  City  Hospital, 
Scr.  11.  1900.  p,  178. 

'  For  a  study  of  congenital  tumors  of  the  intestines  consult  Hveter,  Zieglcr's  Bei- 
trage  zur  patli.  Anat,  Bd.  xix.,  p.  391,  1898. 
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Polypoid  Orowthi,  projecting  into  the  cavity  of  the  intestine  and  com- 
posed of  connective  tisBne  and  covered  with  epithelium,  are  frequently 
foand  (Fig.  342),  They  are  associated  with  catarrhal  in&ammation  or 
occur  by  themselves.  They  are  found  thronghout  the  intestinal  tract  and 
may  be  single  or  multiple.  They  grow 
from  the  submucous  coat  and  project  in- 
ward. Some  of  them  are  solid  counective- 
tissue  tumors,  covered  by  the  mucous  mem- 
brane which  they  have  pushed  inward. 
Others  are  of  the  same  character,  bnt  of 
large  size.  In  others  the  connective  tissue 
is  arranged  in  branching  tufts,  covered 
with  cyliudrical  epithelium;  and  in  these 
last  tumors  there  may  also  be  tubules  lined 
with  cylindrical  epithelium,  giving  to  the 
growth  the  characters  of  an  adenoma. 

Lymphoma. — Growths  of  tissue  somewhat 
resembling  tbat  of  the  lymphatic  tissue  of 
the  lymph-nodes  may  originate  in  the  soli- 
tary and  ^miuated  nodules,  and  in  the  in- 
testinal wall  in  cases  of  leukaemia  and 
paeudo-leuksemia  (Fig.  343). 

Similar  growths  are  found  as  indepea- 
THr''M.™.^MiS.tRi«''JriHs  ^^"*  'esioDS  both  in  the  large  and  small  in- 
BMiLi.  iNTiMTiMK.  testlucs.    Thcsc  are  irregular,  diffuse  growths 

infiltrating  the  wall  of  the  intestine,  the  mes- 
entery, and  the  neighboring  lymph -nodules,  and  may  reach  a  consider- 
able size.  They  often  ulcerate  internally  and  may  lead  to  dilatation  or 
stenosis  of  the  intestine.    The  classiflcatiou  of  such  tumors  is  difficult 


E  INTISTtNE  IN  PBECDO-LECKSHIA— HODOKIN'B  DiSElSE. 


and  it  is  ofteu  doubtful  whether  they  should  be  grouped  with  the  sar- 
coma or  the  so-called  lymphoma. 

Sarcomata  are  of  occasioual  occurrence  in  the  intestine.     They  appear 
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to  be  more  frequent  in  the  small  intestine  and  in  the  rectum  than  in  the 
large  intestine.  While  various  structural  types  are  recorded,  the  so- 
called  lympho-sarcomata  are  most  common.' 


Adenomata  are  found  in  the  dnodenuui,  colon,  and  i-ectum.  They 
form  flat  infiltrations  of  the  wall  of  the  intestine  (Fig.  3'14),  or  project 
inward  as  polypoid  tumors.  They 
are  composed  of  tubular  follicles, 
like  those  of  the  intestinal  mucous 
membrane,  and  of  a  connective- 
tissue  stroma.  In  some  of  these 
tumors  the  tubules  liave  a  regular 
shape  and  arrangement;  there  is 
no  infiltration  of  surrounding  tis- 
sue; the  tumor  is  of  benign  natoi'e. 
In  other  tumors  the  tubules  are  ir- 
regular in  shape  and  arrangement, 
and  the  growth  infiltrates  the  sur- 
rounding parts  (Fig,  345),  There 
is  no  sharp  dividing  line  between 
these  tumors  and  the  carcinomata, 

■  For  resume  and  biWiograpIiy  of  sar-  g,„  346.-Ade:no«a  o.  thk  Rectcm. 

coma  of  amaJI  intcstiDe  see  Librnan,  Am. 
Jour.   Med.    Sciences,    vol.   ess.,   p.  809,       Thegrowtti  hueilended  UirougatbemuscularH 


large  intestine  see  Jo/won  and  While,  ibid., 
vol,  cxxil.,  p.  807.  Porar§gume  ■"'■'  ' 
8ee  Wiener.  Ziegler's  Beltrage,  Bd, 


vol,  cxxil.,  g.  807.     Forar§gume  witli  bibliography  of  melano- 


Dijiiizedb,  Google 


668  THE   DIGESTIVE  SYSTEM. 

Csrcinoma  develops  most  often  in  tlie  colon  and  the  duodeDiim.'  The 
forms  whicli  have  been  described  in  the  stomacti  occur  also  here,  t.e,;  1. 
The  meduUarg  forma  with  relatively  little  stroma,  and  epithelial  cells 
either  in  solid  masses  within  the  alveoli;  or  maiataiiiing  in  a  measure  Ihe 
gland  type — ade  no -carcinoma.  2.  Fibrous  form— gcirrhve.  3.  Gelatinwis 
forms,  which  are  more  common  here  than  in  the  stomach.  Epithelioma 
often  involves  the  anus  and  rectum. 

Tumors  of  the  Appendix  are  rare — ^fibroma,  lipoma,  myoma,  lar- 
coma,  endothelioma,  and  carcinoma  are  recorded.'  Several  eases  of  pri- 
mary carcinoma  of  the  appendix  have  been  observed." 

INTESTUfAL  CONCRETIONS.    (EateroUtha.) 

There  are  sometimes  fotind  in  the  intestines  round,  oval,  or  irregular 
masses  of  firm  consistence.  They  are  u.sual]y  small,  but  may  reach  the 
size  of  a  tnan'sfist.  They  are  composed  of  ftecal  matter,  mucus,  bile,  the 
carbonate  and  phosphate  of  lime,  and  triple  phosphate.  They  may  in- 
duce iuflammatiotis,  ulceration,  and  perforation. 

The  animal  parasites  of  the  gastrointestinal  caual  have  been  already 
considered  in  another  part  of  this  book.* 


The  Feritozteam. 

Halformationa. 

Arrest  in  development  of  the  peritoneum  may  be  manifested  in  fiasurea  In  the 
mesial  lioe  orexlcmal  to  it;  in  absence  of  the  diaphragm;  iu  fusion  with  tlic  pleura; 
and  in  incomplete  formation  of  the  mesentery,  the  omentum,  and  the  otiier  folds  of  the 
peritoneum. 

Excess  of  development  occurs  in  the  shape  of  unusual  iengUi  of  the  mesentery,  the 
omentum,  and  tlie  other  folds  of  the  peritoneum;  or  of  supernumerary  folds  and 
pouches.  These  arc  chiefly  found  in  the  hypogastric,  iliac,  and  inguinal  regions  and 
near  the  fundus  of  the  bladder.  There  may  be  access  to  these  sacs  by  a  well-deflned 
Assure  or  ring,  which  is  frequently  surrounded  by  a  tendinous  band  lying  in  the  dupli- 
cature.    These  may  give  rise  to  internal  incarceration  of  the  intestines. 


The  collection  of  transudate  in  the  peritoneal  cavity  may  be  the  re- 
sult of  chronic  venous  congestion,  especially  in  connection  with  obstruc- 
tioii  of  the  portal  circulation  in  cirrhosis  from  thrombi,  emboli,  etc.,  or 
with  chronic   heart  and  kidney  diseases.     It  is  often  associated  with 

1  See  IhUetton.  liancet,  April  20th.  1901 , 

'  For  bibliography  of  tumors  of  tlie  appeudi.t  see  Kell;/.  Proc.  Path.  8oc.  of  Phila- 
delphia, n.  s..  vol.  Hi.,  |i.  109. 

'  Whipham.  Lancet.  1901.  vol.  i..  p.  ;110.  .hiviup.  Med.  Rec.,  August  83d,  1902. 
UoecheMntz,  Ann.  of  Surgery,  June.  1903,  Uibl.  ,Voj-m.  Bull,  t'uiv.  Peuna,.  xvi.,  1908, 
p.  334. 

*  For  recent  bibliography  of  lesions  of  the  intestinessee  Tliorel,  Lubarscli  and  Osier- 
tag's  "Ergebnisse,"  Jahrg.  v.  for  1898,  p.  ITl. 
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similar  conditions  iu  the  pleura  and  pericardium.  Chylotut  aseiles  may 
result  from  a  rapture  of  the  thoracic  duct  or  from  a  trausodation  front 
the  chyle  vessels. ' 

nraXAlIMATIOK.    (FwitonitiB.) 

AoBte  Peritonitii. — Acute  inflammation  of  the  peritoneum  may  occur 
as  a  primaiy  process,  but  is  mncb  more  often  secondary.  In  the  latter 
case  it  may  be  associated  with  wounds  and  contusions  of  the  wall  of  the 
abdomen;  wounds,  ulcers,  new  growths,  incarcerations,  intussuscep- 
tions, ruptures,  perforations,  and  inflammations  of  the  stomach  and  in- 
testines; inflammation  of  the  vermiform  appendix;  injuries,  ruptures, 
and  inflammations  of  the  uterus,  ovaries,  and  Fallopian  tubes;  rupture 
and  inflammation  of  the  bladder;  inflammation  of  and  about  the  kidneys; 
abscesses  and  hydatid  cysts  of  the  li\'er ;  inflammation  of  the  gall-bladder 
and  large  bile  ducts;  thrombosis  of  the  portal  vein;  inflammations  of  the 
spleen,  pancreas,  lymphatic  glands,  retroperitoneal  connective  tissue, 
vertebrje,  ribs,  and  pelvic  bones;  pyremla  and  other  infectious  diseases. 
The  inflammation  is  at  first  either  local  or  general.  A  local  peritonitis 
may  remain  circumscribed,  or  it  may  spread  and  become  general. 

We  may  distinguish  two  anatomical  forms  of  acute  peritonitis. 

1.  Cellular  Peritonitis. — This  form  of  peritonitis  may  be  in- 
duced by  any  irritant  which  does  not  act  too  energetically.  It  cau  be 
excited  iu  dogs  by  intraperitoneal  injections  of  very  small  quantities 
of  a  solution  of  chloride  of  zinc  In  the  human  subject  we  flnd  it  with 
perityphlitis,  with  circumscribed  abscesses  in  the  peritoneal  cavity,  in 
puerperal  fever,  aud  other  infectious  diseases  with  early  death. 

At  the  autopsy  the  entire  peritoneum  may  be  congested ;  but  there 
are  no  exudates  and  no  other  lesions  visible  to  the  naked  eye.  Minute 
examination,  however,  shows  a  very  marked  change  iu  the  mesothellal 
(endothelial)  cells.  These  are  increased  in  size  aud  number,  and  the 
new  cells  coat  the  surface  of  the  peritoneum  and  project  outward  in  lit- 
tle masses  (Fig.  346).  Thisform  of  inflammation,  in  many  cases  at  leasts 
if  life  be  prolonged,  passes  into  the  exudative  phase,  next  to  be  considered. 

2.  Exudative  Peritonitis, — This  which  is  the  common  form  of 
aciile  peritonitis  presents  lesions  similar  to  those  which  have  been  already 
described  in  pleuritis  and  pericarditis.  Thus  there  is  a  form  in  which 
fibrin  is  the  chief  exudate  with  but  little  serum ;  or  the  exudate  is  sero- 
fibrinous, or  purulent,  or  hemorrhagic.  When  fibrin  is  present,  the  in- 
testinal coils  may  be  more  or  less  firmly  adherent  to  the  abdominal  walls 
or  to  each  other.  If  putrefactive  bacteria  be  present,  as  in  peritonitis 
from  perforation  of  the  intestine,  the  exudate  may  be  foul. 

Tn  local  inflammation  of  the  peritoneum  the  position  may  be  indicated 
by  the  name,  thus  perihepatitis,  perisplenitis,  perityphlitis,  pelvic,  sub- 
phrenic, etc. 

'  For  a  atiidv  of  milky  fluids  id  seroua  cavities  consult  Shaw,  Jour.  Path  and  Bad.. 
vol.  Tt.,  p.  389,  '1900,  bibliograpliy. 
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Acute  exndative  peritonitis  may  terminate  in  recovery  with  absorp- 
tion of  the  exudate,  permanent  connective-tissue  adhesions  and  thicken- 
nings  of  the  peritoneum  often  remainiug.  Chronic  peritonitis  may  follow 
the  acute  phase. 

Bacteria  are  the  usual  excitants  of  acute  exudative  peritonitis.     In 


FlO.    8(6.— ACCTE  ClLLlLiJt  PBH [TON ITfa—H I'll Jl 

There  are  BweUInr  tmd  prollferatloa  of 

primary  forms  of  x>critonitis  the  Streptococcus  and  Staphylococcus  pyo- 
geues  are  the  bacteria  most  frequently  present. 

In  secondary  exudati^'e  peritonitis  the  pyogenic  cocci  and  the  colon 
bacillus  have  been  most  frequently  found.  Of  the  other  bacteria  which 
have  been  found  in  the  exudate  we  may  name  the  pneumococcus,  the 
gonococeus,"  B.  pyocyaneus,  B.  proteus,  B.  aerogeues  capsulatus,  B, 
typhosus. 

There  is  abundant  evidence  that  bacteria  can  pass  from  the  intes- 
tinal cavity  thi'ough  its  wall  into  the  peritoneum  without  perforation, 
especially  in  r^ious  where  the  integrity  of  the  ti-ssnes  is  impaired  by 
disturbances  in  circulation  and  nutrition  or  in  necrosis,  as  in  strangula- 
tion of  the  gut.' 

'  See  Citthing  od  Oonococcua  peritonitis,  Johns  Hopkins  Hospital  Bulletio,  vol.  x., 
p.  75,  1889. 

ar. 1.     I —    _....1J J    l.:i.i:„_j^p[jy  jj 
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Chronic  Peritonitu  may  follow  the  acute  exudative  form  or  may  occnr 
independently.  The  lesions  vary.  In  one  groapof  cases  the  peritoneum 
is  beset  with  minute  tranBlncent  nodules,  sometimeB  visible,  sometimes 
invisible  to  the  naked  eye.  These  are  apparently  formed  by  a  local  pro- 
liferation of  the  mesotbelial  and  connective-tisane  cells.  Associated  with 
this  there  may  be  a  general  irregular  proliferation  of  the  peritoneal  meso- 
thelinm.     This  has  been  called  chronic  cellular  peritonilits. 

In  other  cases  there  are  local  or  general  fibrous  adhesions,  sometimes 
firm,  sometimes  loose,  between  the  intestinal  coils  or  between  the  intes- 
tine and  the  abdominal  wall.  In  this  way  sacculated  collections  of  sero- 
fibrinous or  purulent  exndate  may  fonn  in  the  abdominal  cavity.  Finally 
chronic  peritonitis  may  result  in  a  dense  fibrous  thickening  of  the  peri- 
toneum, either  local  or  widespread. 

In  some  cases  the  parietal  peritoneum  is  principally  involved;  in 
othei-s  the  peritoneum  of  the  stomach,  intestines,  liver,  and  spleen.  The 
thickening  of  the  capsule  of  the  liver  may  be  attended  with  a  diminution 
in  the  size  of  that  viscus.  There  may  or  may  not  be  adhesions;  serous 
or  other  esudate  may  be  present.  Great  distortion  of  the  omentum, 
mesentery,  and  other  abdominal  viscera  may  occur. 


FIC.  34T.— MtLllHV    TCBEItCLKa  OY  THE    OMENTCH. 

TnberonloaB  Peritonitis  may  occur  in  acute  general  miliary  tuberculosis 
or  it  may  be  secondary  to  tuberculous  inflammation  elsewhere,  as  in  the 

Sitlii-Jirfimidl.  ibid..  Heft  5,  p,  483:  Flfriier,  Pbiladelpliia  Sled.  Jour..  November  12(li, 
1S»8:  rx/^n.  JoliiiB}lo]ikin3  Hospital  Report^  vol.  fv.,  p.  411,  iHaS;  Abmntoie.  Ziegler's 
Bcitr.,  Bd.  xxiii.,  p.  1.  1898:  Battiifr,  ibid.,  Bd.  xxv.,  p.  4!i3,  1899. 

For  special  studies  ou  the  entrance  of  iiiicro-organUms  into  tlio  bo<ly  from  tlie 
gastro-intcatinal  canal  see  Opitt.  Zelts.  f.  My^penc.  Bd.  xxix..  p.  505.  1898;  Birck- 
Hir«!AftW.Ziegler-sB«itr.,Bd.  xxiv..  p.  804, 1898;  Bue}tbimUr.  Deutsche  Ze its-  f- Cliir,. 
Bd,  Iv.,  H.  6  iiDd  7,  1900:  Marcii».  Zc-its.  f.  Heilkunde.  Bd.  xx..  p.  427.  1899;  also 
Wiener  klia.  WochcDscliiift,  January  HJ.  1901;  Saceiiel,  Jour.  Med.  Kea.,  vol.  x..  I90B, 
p.  460. 
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lungs  or  geuito-nrinary  organs  or  intestines ;  or  it  may  be  an  independent 
process.  The  process  may  be  local  or  general  in  the  peritoneum.  The 
lesions  may  be  miliary  iu  character  (Fig.  ,347 )  or  there  may  be  large  foci 
of  new-formed  tubercle  tissues  with  cousiderable  necrosis.  There  may 
be  more  or  less  serous  or  sero-fibriuous  or  purulent  or  bfemorrhaglc  ex- 
udate. Fibrous  adhesions  may  form  between  the  intestinal  coils  and  the 
I>eritoneal  walls  with  the  encapsulation  of  exudate.  Ulceration  of  the 
tubercle  tissue  may  occur,  or  it  may  become  dense  and  fibrous  and  is  then 
often  pigmented.  The  tuberculous  inflammation  may  be  limited  to  the 
vicinity  of  tuberculous  ulcers  of  the  intestine.  It  may  involve  the  omen- 
tum, which  is  converted  into  a  hard,  thick,  dense  mass  at  the  upper  part 
of  the  abdominal  cavity. ' 

TXnCOBS. 

Fibromata  are  developed  from  the  subperitoneal  connective  tissue  and 
project  inward  into  the  peritoneal  cavity.  They  are  found  beneath  the 
parietal  peritoneum  and  that  covering  the  intestines.  Such  tumors  may 
reaeh  a  very  considerable  size.  PapiRary  fibromata  of  the  peritoneum 
(Figs.  348  and  446)  may  be  secondary  to  papillary  fibroma  of  the  ovary. 

Lipomata. — Circumscribed  tumors  composed  of  fat  tissue  are  formed 
beneath  the  intestinal  and  parietal  peritoneum  and  iu  the  mesentery. 
These  tumors  may  become  changed  into  fibrous  tissue  or  calcified.  Their 
pedicles  may  become  atrophied  so  that  they  are  left  freein  the  peritoneal 
cavity. 

When  they  grow  beneath  the  parietal  peritoneum  they  may  form  fab 
hemlte.  At  the  umbilicus,  in  the  inguinal  canal,  along  the  vas  deferens, 
in  the  crural  ring,  and  in  the  obturator  foramen,  fatty  tumors  may  grow, 
project  outward  under  the  skin  like  herniEe,  and,  by  drawing  the  perito- 
neum after  them  into  a  pouch,  may  open  the  way  for  a  future  intestinal 
hernia. 

Very  large  retroperitoneal  and  perirenal  lipomata  are  of  occasional 
occurrence. ' 

Retroperitoneal  sarcomata  are  found  both  in  children  and  adnlts. 
They  u.sually  originate  liehiud  the  peritoneum,  covering  the  posterior 
part  of  the  abdominal  wall,  and  may  grow  between  the  folds  of  the 
mesentery. 

They  may  be  of  the  small  spheroidal-celled  type  (lymphosarcoma)  or 
of  the  fusiform-celled  type.  They  are  often  very  vascular.  At  first 
they  grow  slowly  inward,  pushing  forward  the  peritoneum  and  abdominal 
viscera.  After  a  time  they  assume  a  more  noxious  character,  infiltratiug 
the  soft  parts  with  which  they  come  in  contact,  and  forming  metastatic 

'For  bibliography  with  reference  to  operative  treatment  see  Bottomley,  HeporU 
BoatOD  Cily  Hosp.,  ser.  11,  p.  118,  1000.  For  a  full  critical  Bummary  of  the  literature 
of  perltonitlH  from  1885  to  1900  see  Bumiii,  Centralbl.  f.  Patli..  Bd.  xii.,  pp.  1.  65,  1901. 

*  For  bibliography  of  sucli  tumors  see  Adami,  MoDtrua!  Med.  .Tour.,  vol.  izv.,  ppw 
539,  620. 1897. 
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tumors  in  the  omentum,  mesentery,  iutestiual  wall,  liver,  luugs,  aud  in 
other  viscera, ' 

Endotheliomata  similar  in  structure  to  those  originatiug  in  the  pleura 
are  of  oceasioual  occurrence  in  the  peritoneum.  They  may  form  single 
well-defined  tumoi'S  or  flattened  masses  in  the  thickened  peritoneum, 
Cuboidal  or  polyhedral  cell  masses  often  grouped  along  the  side  of  anas- 


Fio,  348.— PiPiLLAHT  Fibroma- PAPiLLOMA-OF  Feritoneuh. 

TtiU  trrovlli  vas  acfondarj  (o  a  Bimllar  lumurarlKlaUIni!  In  (lie  orary  sod  canaect«d  uilb  tfaat  or- 
gan  (aw  Fig.  448).  DetBClied  portlooH  of  Ihe original  iiunor  were  (nueplaaled  to  various  rfjtlons  ol  the 
periutn^iu. 

tomosiug  channels  in  the  new-formed  or  old  connective -tis-sue  stroma 
sometimes  lend  a  glandular  appearauce  to  the  type  of  growth. 

These  tumors  apparently  originate  in  the  true  endothelium  of  the 
subperitoneal  lymph  channels  and  not  in  the  flat  cells  often  called  endo- 
thelial^mesot helium — lining  the  peritoneum. 

Carcinoma  of  the  peritoneum  is  usually  secondary  to  this  disease  in 
adjacent  regions,  stomach,  liver,  uteiiis,  etc.  Its  structural  chai-acters 
correspond  with  those  of  the  primary  growth.  It  is  apt  to  appear  in 
the  form  of  numerous  laiger  and  smaller  whitish  nodules,  sometimes 
local,  sometimes  widely  disseminated  over  the  peritoneal  surfaces.  Snch 
tumors,  when  small  and  numerous,  may  readily  be  mistaken  for  tubercles. 

'  See  for  bibliograpby  SUtle,  Am.  Jour.  Med.  Scieocc,  vol.  cxix.,  p.  Bll, 
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Gelatinous  Carcinoma  is  not  infi-eqaent  and  sometimes  seems  to  be 
primaryiQ  the  peritoneum.  But  insuch  cases  the  possibility  of  an  origin 
in  the  mucous  membrane  of  the  colon,  in  which  such  growths  are  com- 
mon, and  the  extension  outward  without  evidence  of  growth  in  the  gut 
is  not  improbable.  Gelatiuous  cancer  often  forms  lat^  masses,  which 
widely  iuvolve  the  peritoneum  and  distend  the  cavity. 

Various  forms  of  tnmors  of  the  umbilicus  have  been  described.' 

CTSTS. 

Cy^  of  the  mesetUery  are  of  occasional  occurrence.'  They  may  be 
filled  with  chyle,  with  blood,  or  with  serous  fluid,  or  may  be  due  to  the 
echiuococcus. 

Multiple  cpsts  of  the  omentum  may  form  by  traosplantatiou  of  papillary 
cyst -adenomata  from  the  ovary  (see  Fig.  349).' 

Dermoid  et/ats  may  be  fonnd  in  the  peritoneal  cavity.  RetroperitoneaS 
cysts  have  been  a  few  times  recorded. 

FABASITE8. 

Xchinooocci  can  be  formed  in  their  regular  way  at  any  part  of  the 
visceral  and  parietal  peritoneum,  or  be  free  in  the  peritoneal  cavity. 
These  cysts  may  be  small,  or  so  large  as  nearly  to  fill  the  abdominal 
cavity. 

Cygticeroiu  cellnloaa  may  also  be  developed  in  the  subperitoueal  con- 
nective tissue. 


The    Salivary    Glands — The   Parotid,    Submaxillary,    and 
Sublingual. 

nraxAXHATioir. 

Acntfl  Parotitis,  occurring  as  an  epidemic  disease  known  as  mumps, 
is  usually  confined  to  the  parotid  gland  of  one  side ;  the  submaxillary  and 
sublingual  may  be  at  the  same  time  involved.  The  gland  is  swollen  and 
there  is  often  (edema  of  the  mucous  membrane  of  the  mouth  and  pharynx. 
Very  little  is  known  of  the  minute  changes  which  the  gland  undergoes  in 
this  disease. 

Snppnrativfl  Parotitii  occasionally  occurs  as  a  secondary  lesion  in  a 
variety  of  diseases,  as  in  typhoid  and  scarlet  fever,  pyiemia,  pneumonia, 
etc.,  and  by  propagation  of  infiammation  from  the  mouth.  Under  these 
conditions  the  inflammation  is  usually  suppurative  and  frequently  results 
In  abscess  or  sloughing.  The  interstitial  tissue  of  the  gland  is  more  or 
less  densely  infiltrated  with  pus  cells,  and  the  parenchyma  cells  may  nn- 

'  See  Qiannettatio,  Arch.  gSn,  de  Mfed..  t.  Hi.,  p. 
'For  bibliography  of  cysla  of  tlie  mesenlery  ; 
xxxif.,  p.  «1,  IWW. 

'  For  bibliograpby  of  cysts  of  tbe  omentum  see  Jaeobi,  Tmns.  Absq.  Am,  Phys., 
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dergo  fatty  degeneration  and  dlsiategration.  The  inflammation  may  be 
cuuflued  to  the  gland  or  it  may  spread  to  adjacent  parts,  sometimes 
causing  mnch  destruction  of  tissne,  and  may  give  rise  to  inflammation  of 
the  brain  or  of  the  inner  ear,  or  even  to  metastatic  pytemic  abscesses  in 


fia.  3tB.— Ctbtic  Papillohi  of  the  Oukntdh. 
SecoudBry  lo  papilloma  ol  Uie  ovulea. 

different  parts  of  the  body.     Healing  may  occur,  with  the  formation  of 
salivary  fistulte. 

The  labmaxillary  gland  may  be  involved  with  the  parotid  in  the  sup- 
purative inflammation.  Acute  suppurative  inflammation  of  the  connec- 
tive tissue  about  the  submaxillary  gland  is  sometimes  of  serious  import. 
Sloughing  and  gangrene  may  occur  and  are  apt  to  spread  to  adjacent 
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parts.  Septieffimia,  cedema  of  the  glottis,  or  pueiimouia  may  complicate 
the  process- and  cause  death. 

The  mbling^al  gland  is  not  often  the  seat  of  inflammation. 

Chronic  inJlammaUon,  leading  to  the  formation  of  dense  interstitial 
tissue,  sometimes  occurs  in  the  salivary  glands.  This  may  occnr  by 
itself  or  follow  au  acute  inflammation.  Tuberculom  infiammatioH  of  the 
parotid  Is  not  infrequent.' 

The  Excretory  Daots  of  the  salivary  glands  may  become  inflamed  from 
the  presence  of  foreign  bodies  or  of  concretions  formed  in  them.  They 
may  become  occluded  from  the  presence  of  calculi  or  as  the  result  of 
iuflanimation,  and  may  thus  become  widely  dilated  both  iu  the  main 
branches  and  iu  the  finer  ramifications.     The  dilatation  of  Wharton's 


duct  to  form  larger  and  smaller  cysts  containhig  salivary  fluid,  sometimes 
gives  rise  to  verj-  large  and  troublesome  tumors  which  constitute  one  of 
the  forms  of  ranula.* 

TUVtOSS  OF  THE  BALIVAAT  GLANDS. 

Fibromata  are  of  occasional  occurrence  in  the  parotid.  Cliondromata, 
endotheliomata,  Boraomata  and  fibro^aroomats,  and  myxomata,  or  more  fre- 
quently mixed  tumoi-s  formed  of  various  combinations  of  these,  are  of 
frequent  occurrence  iu  the  parotid  and  of  occasional  ocenrrence  in  the 
submaxillary  glaud.  These  complex  or  mixed  tiimors  are  of  more  fre- 
quent occurrence  in  these  glands  than  in  any  other  part  of  the  body,  ex- 
cept possibly  the  ovary.  They  are  sometimes  rendered  still  more  com- 
plicated in  structure  by  the  formation  of  cysts,  and  what  has  been 
regarded  usually  as  an  atypical  glandular  growth,  lending  them  an  ade- 
nomatous character  (Fig.  350).  Earlier  studies  upon  the  mixed  tumors 
of  the  salivary  glands  led  to  the  belief  that  a  large  part  of  these  complex 
growths  are  endotheliomata,  which  are  especially  prone  in  these  regions 

'  ConsHlt  Meilay  and  Parent,  Gaz.  des  IlOpitaux,  February  1 1th,  1899,  bibl. ;  also 
Wood,  Bull.  Uoiv.  Penna.,  vol.  svi,.  1903.  p.  6B. 

'  For  recent  hiblingraphy  ot  leaious  of  the  salivary  glands  see  Thorel,  Lubarsch  and 
OstertAg'B  "Ergebniase,"  Jolirg.  v.  for  189S.  p.  321. 
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to  nudergo  secondary  degenerative  or  metaplastic  chauges.'  The  mixed 
parotid  tumors  differ  in  many  respects  from  those  elsewhere  in  the  body 
aud  in  ways  which  suggest  an  origin  in  congenital  malformations.  More 
recent  studies  indicate  that  many  cell  forms  formerly  interpreted  as  en- 
dothelial are  epithelial.' 

Fibro-aarooma  and  meUnoHnrcoma  have  been  described. 

A  case  of  rhabdomyoma  of  the  parotid  gland,  with  evidehces  of  atypi- 
cal development  of  portions  of  the  gland,  has  been  described.'  Primary 
carcinoma  of  these  glands  is  rare. 

The  Pancreas. 
Halformationa  and  Displacements. 

The  pftDcreas  may  be  CDiirely  absent  Id  acepbalousaad  double  monaterB.  Tbe  pan- 
creatic duct  may  be  double;  it  may  open  into  tlie  duodenum  at  some  distance  from  the 
biliary  duct,  or  into  tlie  stomach.  The  iiead  of  the  pancreas  may  be  unduly  developed 
and  Bometfmea  even  completely  separated  from  the  rest  of  the  organ,  opening  into  the 
duodenum  with  a  duct  of  its  own.  Occasionally  there  is  a  small  accessory  pancreas 
situated  beneath  tbe  serosa  of  the  duodenum  or  stomach. 

The  pancreas  ia  so  firmly  bound  down  that  its  position  isnot  often  changed.  Some' 
times,  however.  It  is  found  pressed  downward  by  tight  lacing,  displaced  by  aneurisms, 
or  contained  in  umbilical  and  diaphragmatic  bcmiFe, 

ATBOFHT,  DEOENBBATION,  AXU  HEOBOSIS. 

Atrophy  of  the  pancreas  may  occur  in  old  age  and  as  a  result  of  press- 
ure from  timiors  or  other  adjacent  structures,  and  may  be  associated  with 
fatty  infiltration.  It  occurs  in  a  certain  proportion  of  cases  of  diabetes 
uetlitus. 

Anto-digestioa  of  portions  of  tbe  pancreas,  intra  vitam,  has  been  de- 
scribed, and  may,  it  is  believed,  lead  to  localized  formation  of  fibroiui 
tissue  iu  the  organ.' 

Albuminous  D^eneration  may  occur  in  acute  infectious  diseases.  Tbe 
organ  may  be  red,  swollen,  and  cedematous.  The  most  marked  minute 
lesions  are  swelling  and  albuminous  degeuenition  of  the  gland  epithelium 
with  hypereemia  and  interstitial  cedema. 

Fatty  Degeneration  may  follow  albnminous  degeneration  and  is  most 
common  in  poisoning,  especially  by  phosphonis. 

Fatty  Infiltration,  which  should  be  distinguished  from  fatty  degenera- 
tion, consists  in  tbe  acciunulation  of  fat  in  the  interstitial  tissue  of  the 
gland  (Fig.  351).  This  when  excessive  may  be  a.ssociated  with  almost 
complete  atrophy  of  the  gland  structures.  Under  these  conditions  the 
onttine  of  the  organ  may  be  preserved,  the  fat  being  enclosed  by  the 
capsule. 

I  Yolkmann.  Deutsche  Zeits.  f.  Ciiir..  Bd.  xli„  p.  61. 

'  For  a  critical  atudy  of  the  mixed  tumors  of  the  salivary  glund  see  Wood,  Ann.  of 
Burgerv,  vol,  xxxis.,  1904,  p.  57.  bibl. 

'  Prudden,  "  Rliabdomyoma  of  the  Parotid  Gland,"  American  Journal  of  the  Medi- 
cal Sciences.  April,  1883. 

'  Chiari.  Prager  med.  Wochenschrift,  vol.  xxt,.  No.  14,  1900. 
37 
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Amyloid  D^eaeration. — Tbis  usually  occurs  in  counectioo  witb  similar 
degeueratiOQ  iu  otber  organs,  and  is  confined  to  the  walls  of  the  blood 
vessels  and  the  interstitial  tissae. 


Hyaline  degeneration  involving  and  limited  to  the  islands  of  Laiiger- 
hans  has  been  decribed  by  Opie  ajid  others  iii  diabetes  without  other 
marked  lesions  of  the  pancreas.' 

FatNeoTosis. — This  is  a  peculiar  lesion  of  the  fat  tissue,  most  frequent- 
ly seen  about  the  paucreas  or  between  its  lobules,  but  sometimes  iu  fat 
tissue  in  other  parts  of  the  body.     White  or  yellowish  nodules,  varying 

'  Opie,  Jour.  Esp,  Med.,  vol.  v.,  p.  527, 1901;  also  Opie,  "Diseases  ot  tlio  Pancreas," 
in  which  may  be  found  bibliography  of  structure,  fuQctiou.  and  U'sions  of  the  pancreaa. 
For  a  study  of  the  development  of  tlic  islands  of  Langerbana  in  humau  embryo  see 
I'l'urte.  Am,  Jour.  Anat.,  vol.  ii.,  1903,  p.  44a 
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from  thesize  of  a  piu'shetid  to  that  of  apeaor  larger,  are  seen  embedded 
ill  the  fat,  the  ceutral  portiou  beiug  ofteu  soft  and  grumous.  They  are 
sometimes  calcified  and  sometimes  suriounded  by  a  connective-tissue 
capsule.  Microscopical  exaniinatiou  shows  necrosis,  d^eneration,  and 
disintegration  of  the  fat  tissue  (Fig.  352). 

Fat  necrosis  is  usually  associated  with  lesions  of  the  x>ancrea8 — btemor- 
rbugic  infiltration,  necrosis,  gangrene,  and  acute  and  cbronic  infiamma- 


FiQ.  3ra.— Fat  nkcrosis  cn  the  Pinckias. 

tory  processes.  The  lesion  has  been  sbon'n  to  be  due  to  some  substance 
in  the  pancreatic  secretion  which  splits  the  fat  molecule  into  fatty  a<^'ids, 
which  may  crystallize,  and  soluble  substances;  calcification  is  of  later 
occurrence.  Experimental  studies  have  shown  that  fat  necrosis  can  be 
induced  by  such  operative  procedures  as  direct  the  pancreatic  secretion 
into  fat  tissue  either  immediately  about  the  pancreas  or  elsewhere.' 


Hiemorrhage  into  the  substance  of  the  pancreas  may  occur  as  the  re- 
sult of  injury;  in  the  hiemorrhagic  diathesis;  in  connection  with  valvu- 
lar diseases  of  the  heart  or  interference  with  the  portal  circulatiou ;  or 
in  connection  with  extensive  fatty  degeneration,  or  with  local  necrosis, 
or  with  fat  neci-osis  of  the  organ.  Such  hieniorrhages  may  be  minute  or 
extensive.  Several  cases  of  sudden  de^th  are  recorded  in  which  the  only 
discoverable  lesion  was  an  extensive  haemorrhage  into  the  substance  of 
3  Opie,  "  Diseases  nf  the  Pan- 
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the  gland  and  the  tJBSue  about  it.  The  htemoirhage  may  be  moderate 
aud  limited  to  the  pancreas,  or  it  may  extend  into  the  subperitoneal  tis- 
sue for  a  considerable  distance. 

Hiemorrhage  of  the  pancreas  may  be  associated  with  acute  inflamma- 
tory changes  aud  with  more  or  less  extensive  gangreae  of  the  organ. 


IKFLAHHATION.    (PuicrABtitU.) 

Hffimorrha^o  Pancreatitis. — In  this  form  of  disease  heemorrhage  simi- 
lar to  that  above  described  is  associated  with  suppurative  inflammation 
or  gangrene  or  both.  The  gangrenous  pancreas  may  be  more  or  less  en- 
capsulated ;  it  may  be  surrounded  by  pns ;  it  has  by  an  opening  through 
the  intestinal  wall  entered  the  gut  aud  been  discharged.  Htemorrhagic 
pancreatitis  is  often  associated  with  fat  necrosis. 

The  conditions  leading  to  pancreatic  hEemorrhage  and  heemorrbagic 
pancreatitis  are  not  yet  fully  rlear,  but  experimental  studies  of  Flexuer 
and  Opic  indicate  that  in  some  cases  at  least  the  presence  of  gastric  juice 
or  of  bile  or  other  substances  in  the  pancreatic  duct  may  be  of  impor- 
tance. The  frequent  association  of  gall-stones  with  hemorrhagic  pan- 
creatitis is  signiflcant ' 

Suppurative  Pancreatitis  is  not  very  common,  and  may  be  primary  or 
due  to  the  extension  of  a  suppurative  inflammation  from  adjacent  or  dis- 
tant parts  of  the  body.  There  may  be  a  diffuse  infiltration  of  the  ot^an 
with  pus  cells  or  larger  and  smaller  abscesses.  The  abscesses  may  open 
into  the  gastro- intestinal  canal  or  into  the  peritoneal  cavity.  The  causes 
of  primary  suppurati\'e  pancreatitis  are  oft«u  most  obscure.  It  may  be 
associated  with  fat  necrosis  aud  with  hsemorrhage  and  gangrene  of  the 
pancreas. 

Vai'ious  forms  of  bacteria  have  been  found  in  the  neerotic,  hiemor- 
rhagic,  and  inflammatory  lesions  of  the  pancreas,  but  in  most  cases  the 
significance  of  their  presence  is  not  clear,  since  necrotic  and  hsemorrhagic 
foci  may  afford  regions  favorable  to  the  lodgmeut  and  proliferation  of 
micro-organism»  which  are  secondary  invaders  and  whose  lesions,  if  such 
be  induced,  are  complicating  and  not  primary.' 

Chronic  Interstitial  Pancreatitis. — This  lesion  consists  in  an  increase  of 
interstitial  connective  tissue,  which  may  be  general  or  confined  to  some 
particular  portiou  of  the  gland.  The  new-formed  tissue  may  be  inter- 
lobular or  interacinar  iu  distribution. 

The  organ  is  sometimes  enlarged,  sometimes  smaller  tban  normal.     It 

'  For  a  Btudy  of  the  relationBbipH  between  cholelitbiaBia  and  diseasea  of  the  pancreas 

see  Oiiift.  "Diseasi-s  of  the  Pancreas." 

For  a  study  of  cxperlmeDtal  pancrcatilia  Bce  FUxner,  UniverHlty  Medical  Maffazloe. 
vol.  xiii.,  p.  780,  1901;  also  FUxner  and  Pearce.  Trans.  Assn.  Am.  Pbya.,  vol.  xvi., 
p.  849;  ajso  Opie.  loc,  eit. 

'For  a  detailed  consideration  of  acute  inflammatioD,  bEpmoTrhage.  eanrrene,  and 
fat  necroais  of  the  pancreas,  with  bibllnrraphv,  consult  FiU,  Middleton  aoldsmitli  lec- 
ture OQ  "Acute  Pancreatitis,"  Trans.  >ew  Vorl;  Path,  Soc.,  188S.  For  later  bibli- 
ography see  Warthin.  Philadelphia  Aledical  Juunial,  November  IBth,  1898.  and  Opie. 
"  Diaeaaea   -  -    " -  -  " 


Diaeaaea  of  the  Paucriias." 
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is  usnally  dense  aod  hard;  secoudary  atrophy  of  the  parenchyma  regu- 
larly occurs.  It  may  be  associated  with  chronic  iufiammatory  processes 
in  the  vicinity  of  the  organ,  and  obBtmctiOD  of  the  pancreatic  duet. 

TnlHTcaloiu  Inflammatios. — Larger  and  smaller  tubercles  and  tuber- 
culous cheesy  nodules  are  occasionally  found  in  the  pancreas  in  con- 
nection with  acute  general  miliary  tuberculosis  or  with  tuberculous  in- 
flammation in  some  other  ot^n,  particularly  with  that  of  adjacent 
lymph-nodes,  the  lungs,  and  the  intestine. 

Syphilitio  Inflammation. — Chronic  interstitial  pancreatitis  is  frequently 
found  in  congenital  syphilis  of  the  new-born.  The  fibrous  tissue  is  in- 
creased with  atrophy  of  gland  parenchyma,  but  the  islands  of  Langerhans 
persist. '  It  is  not  definitely  established  whether  or  not  a  similar  lesion 
may  be  caused  by  acquired  syphilis.  Gummata  are  very  rare  in  the  pan- 
creas, but  have  been  described  in  congenital  syphilis  in  very  young  chil- 
dren. 


Carcinoma  is  the  most  common  and  important  of  the  tumors  of  the 
pancreas.  It  may  be  primary  or  secondary.  Primary  carcinomata  are 
most  frequently  found  in  the  head  of  the  organ,  but  ■  may  occur  in  other 
parts.'  The  hard  or  scirrhous  form  is  most  common,  but  occasionally 
soft  and  succulent  and  gelatinous  forms  are  found.  They  are  liable  to 
involve  adjacent  parts  by  continuous  growth,  and  may  form  metastases 
in  the  liver,  adjacent  lymph-nodes,  etc.  Secondary  carcinoma  in  the 
pancreas  may  occur  in  carcinoma  of  the  stomach,  duodenum,  and  of  the 
gall  ducts  and  gall  bladder.  As  a  result  of  carcinoma  of  the  pancreas, 
aside  from  the  extension  of  the  growth,  there  may  be  pressure  on  the 
ductus  choledochns,  with  jaundice ;  or  on  the  pancreatic  duct,  with  cys- 
tic dilatetion ;  or  pressure  on  the  duodenum,  with  stenosis  of  the  gut ;  or 
pressure  on  the  vena  cava,  or  portal  vein,  or  superior  mesenteric  vein, 
et«.,  with  disturbances  of  the  circulation. 

Cjrstfl. — These  are  mostly  due  to  dilatation  of  the  pancreatic  ducts. 

!.■  The  entire  duct  may  undergo  a  uuifaim  cylindrical  dilatation. 
With  this  cylindrical  dilatation  we  sometimes  find  associated  small  sac- 
culi. 

2.  There  may  be  sacculated  dilatations  at  some  points  in  the  ducts. 
These  dilatations  form  cysts  of  large  size,  as  large  even  as  a  child's  head. 
Their  walls  frequently  undergo  degeneration  and  calcification.  These 
cysts  often  become  filled  with  blood,  and  may  then  be  mistaken  for 
aneurisms. 

3.  The  small  branches  of  the  pancreatic  duct  may  be  dilated  so  as  to 
form  a  number  of  small  cysts.  These  cysts  are  filled  with  serum,  mucus, 
pus,  or  a  thick,  cheesy  material. 

Cysts  of  the  pancreas  may  result  from  trauma,  inflammat'Ory  closure 
'  Forastudyof  thepaDcreas  In  congenital  syphiiis  mc Ptarve.  Am.  Hcd.,  December 

aeth.  1908. 

'  For  recent  bibliography  of  primarv  rarcinomn  of  the  pancreas  see  Baldain,  PLila- 
di'lpbiu  Med.  Journal,  December  32d.  IIKW.  bibliograpby. 
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or  obstruction  of  tlie  ducts,  from  old  areas  of  uecrosis  or  hsemorrlu^, 
and  in  other  ways. ' 

CoDoretioiu  of  carbonate  and  phosphate  of  lime  are  frequently  found 
In  the  pancreatic  ductB.  They  are  usually  multiple,  small,  whitish, 
smooth,  or  of  rough  and  Irr^ular  shape.  Sometimes,  however,  they 
reach  a  diameter  of  more  than  au  inch.  They  consist  chiefly  of  calcituu 
phosphate  and  carbonate.  Besides  these  free  concretions  the  walls  of 
the  ducts  are  sometimes  encrusted  with  salts  of  lime.  Such  concretions 
may  produce  dilatation  of  the  pancreatic  ducts  and  large  cysts,  or  more 
rarely  abseesees. 

Foreign  Bodiea. — Gall  stones  sometimes  find  their  way  into  the  pancre- 
atic duct,  Ascarides  have  been  found  in  the  ducts  in  a  considerable 
number  of  cases. 
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CHAPTER  VIII. 

THE  lilVEB. 

Kalformations. 

Gmffenitat  malfdrmatioiu  of  the  liver  are  not  commoD  and  are  of  little  practical  Im- 
portance. The  organ  may  be  entlrel;  waotiog;  the  lobes  may  be  diminished  or  in- 
creased in  numlter:  lie  form  may  be  altered,  so  that  it  is  rounded,  flattened,  triangular, 
or  quadrangular.  The  gall  bladder  or  gall  ducta  may  be  wanting:  the  ductus  choled- 
ochua  may  be  double,  both  ducta  emptying  into  the  duodenum,  or  one  emptying  into 
tha  duodenum,  the  other  into  the  stomach.  The  single  ductus  choledochua  may  also 
empty  into  the  sroniach.  Owiog  to  abnonnal  opeDings  id  the  diaphragm  or  the  abdomi- 
nal parietes,  the  liver  may  suffer  displacement  upward  or  forward.  In  congenital 
transposition  of  the  viscera  the  liver  is  found  on  the  left  ude,  the  stomach  and  spteen 
on  the  right  aide. 

Small,  isolated  bodies,  having  the  same  structure  as  the  liver,  have  been  a  few  times 
found  in  the  suspensory  ligament  and  in  tbe  lesser  omentum. 

Acquired  CluuigM  in  Siz«  and  Poaltion. 

As  a  result  of  tight  lacing  very  marked  changes  are  sometimes  produced  in  tbe 
shape  of  the  liver.  B.vthe  narrowing  of  the  base  of  the  thorax  tbe  organ  is  compressed 
from  side  to  aide,  and  Its  convex  aurface  is  pressed  against  the  ribs.  In  consequence 
of  this  there  are  found  ridges  and  furrows  on  its  convex  surface.  In  consequence  also 
of  the  circular  constriction,  a  part  of  tbe  right,  and  usually  of  tbe  left  lobe  also,  be- 
comes separated  by  a  depression.  Over  this  depressed  and  thinned  portion  of  the  liver 
the  capsule  is  thicic  and  opaque.  In  extreme  cases  the  depresalOD  and  Ihioning  reach 
such  an  extent  that  there  is  only  a  loose,  ligamentous  connection  between  the  separated 
portion  and  the  liver. 

A  aeries  of  depressions  are  sometimes  found  on  the  upper  surface  of  the  right  lobe 
of  the  liver,  running  from  front  to  back,  apparently  caused  by  folds  of  the  organ. 

Structural  alterations  in  the  liver  may  induce  changes  in  Its  size  and  shape,  tt 
may  be  increased  fn  size  by  tumors,  hydatid  cysts,  abscesses,  fatty  and  amyloid  degen- 
eration, by  congestion,  and  sometimes  by  cirrhosis,  etc. 

It  may  be  diminished  in  size  by  atrophy,  by  cirrhosis,  by  acute  parenchymatous 
degeneration,  et«. 

Changes  in  the  position  of  the  liver  are  produced  by  alterations  in  its  size,  by  press- 
ure downward  from  the  thoracic  cavity  and  upward  from  the  abdomen,  by  the  con- 
alriction  of  tight  lacing,  by  tumors  or  circumscribed  serous  exudation  between  the  liver 
and  diaphragm,  by  curvature  of  the  spine.  •  -  ,.-. 

The  liver  is  readily  turned,  by  pressure  from  above  or  below,  on  its  transverse  axis. 
The  transverse  colon  maybe  fixed  above  the  liversoas  to  push  it  backward,  downward, 
and  to  the  right.  There  are  a  few  cases  recorded  of  dislocated  and  movable  livers. 
Tliese  occurred  In  women  who  had  borne  children  and  whose  abdominal  walls  were  lax- 
With  ascites  it  is  not  uncommon  to  And  the  liver  quite  movable,' 

3  Liver,"  Trans.  Aasn.  Am.  Phys.,  vol,  x.,  p. 
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WOVNSS,  BUPTUSE,  AKD  HSHOBBHAOB. 

Wound!  of  the  liver  may  induce  liteuiorrhage,  which,  if  life  continue, 
is  followed  by  inflammatiqu.  Serious  wounds  of  the  liver  are  usually 
fatal,  but  recovery  may  occur  eveu  after  the  destruction  of  a  consider- 
able portion  of  the  organ. 

Snptnre  of  the  liver  may  be  produced  by  severe  direct  contuBions  or 
by  falls.  It  may  t>e  produced  in  children  by  artificial  delivery.  The 
rupture  usually  involves  both  the  capsule  and  a  more  or  less  consider- 
able portion  of  the  liver  tissue.  It  is  commonly  accompanied  by  lai^ 
htemorrhage,  and  is  usually  fatal. 

HsemoTrhoge. — Extravasations  of  blood  in  the  substance  of  the  liver, 
or  more  frequently  beneath  the  capsule,  may  be  found  in  new-born  chil- 
dren after  tedious  or  forcible  labors.  In  adults,  hiemorrhage,  except  as 
the  result  of  injury,  is  uncommon.  Extravasations  of  blood  are  some- 
times seen  in  malignant  malarial  fevers,  especially  in  tropical  climates; 
in  scurvy,  purpura,  and  phosphorus  poisoning;  and  bleeding  may  occur 
in  and  about  soft  tumors,  abscesses,  and  echiuococcus  cysts.  It  may 
also  occur  as  a  result  of  thrombosis  of  the  hepatic  vein. 

ASXXLA.   Ain>   HTPBILSHIA. 

Anemia  of  the  liver  may  be  general  or  partial.  It  may  be  due  to 
general  anaemia  or  to  local  disturtKinces  of  the  circulation,  such  as  swell- 
ing of  the  cells  In  parenchymatous  or  other  degeneration,  pressure  of 
tumors,  etc.  The  oi^au  appears  pale,  often  of  slightly  yellowish  or 
brownish  color.     It  may  be  harder  than  usual,  and  smaller. 

Hjrperemia  of  the  liver  is  either  an  active  or  a  passive  process.  In 
health  the  amount  of  blood  in  the  liver  varies  at  different  times,  being 
regularly  increased  during  the  processs  of  digestion.'  When  the  diges- 
tive process  is  unduly  influenced  by  the  ingestion  of  spirits,  spices,  ete,, 
the  hypersemia  assumes  abnormal  proportions,  and  when  this  is  oftea 
repeated  it  may  lead  to  structural  changes  in  the  oi^n.  Severe  contu- 
sions over  the  region  of  the  liver  sometimes  cause  a  hyperemia,  which, 
may  result  in  suppurative  or  in  productive  inflammation.  In  hot  cli- 
mates and  in  malarious  districts  active  and  chronic  hyperemia  of  the 
liver  are  frequent  and  often  incite  structural  lesions.  In  scurvy,  also, 
the  liver  is  sometimes  congested.  Cessation  and  suppression  cf  the 
menses  and  of  hsemorrhoidal  bleeding  may  be  followed  by  hyper^emia  of 
the  liver.  In  all  these  varieties  of  active  congestion  the  liver  is  enlarged, 
of  a  deep  red  color,  and  blood  flows  freely  from  its  cut  surface. 

JVMstiV  congestion  of  the  liver  is  produced  by  an  obstruction  to  the 
enrrent  of  blood  in  the  hepatic  veins.  Valvular  diseases  of  the  heart, 
emphysema  and  fibrous  induration  of  the  lungs,  large  pleuritic  effusions, 
intrathoracic  tumors,  angular  curvature  of  the  spine,  aortic  anenrisma 
pressing  on  the  vena  cava,  and  constrictions  of  the  vena  ca\a  and  of  the 
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hepatic  veins,  may  all  lead  to  a  clironic  hypenemia  of  the  liver.    Id  auch 
cases,  since  the  congestion  affects  principally  the  hepatic  veins,  we  find 


Fin.  a53.-CRKOi)rc  coNomioN  or  the  nvia— "NimiKfi  litkh." 
Tbe  liver  ceUauecmnpletelrUrDpliledeicept  la  Uid  perlpberls  ot  (he  lobulea.    Tbe  oentnl partlon* 
of  tbe  lobulea  nhlch  la  Uie  Itttb  orgua  are  ilarter  than  tbe  perlpber?  are  llgbler  In  tbe  pnserred  speclmeD 
fiom  wtikb  tislg  secUon  wu  cut  because  tbe  tuemoglablD  bw  been  dlasalved  out  ol  tbe  Kd  blood  cells. 

the  centre  of  each  acinus  congested  and  red  while  its  periphery  is  lighter 
in  color.  This  gives  to  the  liver  a  mottled  or  nutmeg  appearance  (nut- 
meg liver)  (Pig.  353).  The  liver  cells  in  the  centre  of  each  acinus  are 
frequently  colored  by  little  granules  of  red  or  black  pigment,  and  the 


SbowiUK  a  sliisle  lobule.  Tbe  caplllailea  about  (he  central  vein  are  wldel;  dlB(«aded  nidi  blood— de- 
colorized: ibe  liver  cells  ou  tbe  bordera  uearest  tbe  dllaMd  capUlarlea  show  various  pbaaesoC  pressure 
atrophy. 
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cells  at  tbe  periphery  become  fatty,  so  that  the  nutmeg  appearance  is  still 
more  pronounced.  A  liver  in  this  condition  is  usually  of  medium  size, 
bnt  may  be  smaller  or  larger  than  normal. 

When  the  congestion  is  long-continued  the  veins  at  the  centre  of  each 
acinus  may  become  permanently  dilated,  and  the  hepatic  cells  in  their 
meshes  become  atrophied  (Fig.  354),  so  that  the  centre  of  each  acinus 
consists  only  of  dilated  capillaries  or  of  these  and  new  connective  tissue; 
or  the  dilatation  and  atrophy  of  the  liver  cells  may,  in  circumscribed 
portions  of  the  oi^n,  involve  the  entire  acinus.  In  long-continued 
congestion  the  liver  is  usually  smaller  than  normal,  and  may  he  slightly 
roughened  or  uneven  on  the  surface ;  but  it  is  sometimes  enlarged.  The 
peculiar  nutmeg  appearance  may  be  very  well  marked,  or  it  may  not  be 
evident,  the  organ  t>eing  of  a  dark-red  color. 


lesions  of  ths  hepatic  vessei.s. 

The  Hepatic  Aeteey. 

The  hepatic  artery  is  in  rare  cases  the  seat  of  aneurisms  which  may 
attain  a  large  size.  Such  aneurisms  may  displace  the  liver  tissue,  com- 
press the  hile  ducts  so  as  to  cause  jaundice,  and  may  rupture  into  the 
stomach  or  abdomen. 

Owing  to  its  abundant  anastomoses,  emboli  of  the  branches  of  the 
hepatic  artery  usually  induce  no  marked  lesions,  but  they  sometimes 
result  in  amemic  and  hemorrhagic  infarctions.' 

The  Foetal  Vein. 

ThrombMls,  Emboliam,  and  Inflammation. — Thrombosis  of  the  hrant^es 
of  the  portal  vein  may  be  produced  by  weakening  of  the  circulation  from 
general  debility — maraamatic  thrombi ;  by  pressure  on  the  vessel  from 
without,  as  in  cirrhosis,  tumors,  gall  stones,  dilatation  of  the  bile  ducts, 
etc  ;  by  injury;  by  the  presence  of  foreign  materials  within  the  vessel; 
and  as  a  result  of  inflammation  of  its  wall,  or  of  embolus.  The  throm- 
bus may  form  in  the  vessels  in  the  liver  or  be  propagated  into  them  from 
without.  It  may  partially  or  entirely  occlude  them.  The  clot  may  be- 
come organized  as  a  result  of  endophlebitis,  and  a  permanent  occlusion 
of  the  vessel  ensue.  If  the  clot  be  a  simple,  non-irritating  one,  leading 
to  occlusion,  the  consequences  are  usually  moi-e  marked  in  the  abdomi- 
nal viscera  than  in  the  liver  itself.  The  branches  of  the  hepatic  artery 
form  sufficient  anastomoses  to  nourish  the  liver  tissue  and  prevent  its 
necrosis,  even  in  complete  occlusion  of  the  portal  vein ;  and  if  occlusion 
occur  slowly  the  oi^n  may  continue  to  perform  its  functions.  But  this 
obliterative  form  of  thrombosis  is  usually  attended  by  ascites,  enlarge- 
ment of  the  spleen,  dilatation  of  the  abdominal  veins,  and  sometimes  by 
hsemon-hage  from  the  stomach  and  intestines. 

'  For  a  critical  suramary  of  rcconietl  cases  of  aoremic  infarcts  of  tbe  liver  eee  Scdd- 
win.  Jour.  Med.  Rcsearcli,  vol.  viii.,  1002,  p.  431. 
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In  another  class  of  cases,  in  addition  to  the  local  and  mechanical 
eflfects  of  a  thrombus,  the  latter  may  be  infectious,  then  there  are  ne- 
crotic changes  and  suppurative  inflammation  in  the  walls  of  the  ves- 
sels or  in  the  liver  tissue  about  them.  The  thrombi  are  apt  to  soften  and 
break  down,  and  the  fragments  may  be  disseminated  through  the  smaller 
trunks  of  the  portal  vein.  In  this  way,  by  the  distribution  through  the 
smaller  vessels  of  a  disintegrated  thrombus  from  a  large  trunk,  or  by  the 
introduction  into  the  branches  of  the  portal  vein  of  purulent  or  septic 
material  from  some  of  the  abdominal  viscera  or  from  wounds,  multiple 
foci  of  purulent  inflammation  in  the  portal  vein,  and  multiple  abscesses 
involving  the  liver  tissue,  may  be  produced.  In  many  cases  the  pres- 
ence of  bacteria  may  be  detected  in  the  inflammatory  foci. 

These  soft  thrombi  of  the  portal  vein  and  the  accompanying  pyle- 
phlebitis and  abscess  are  induced  in  a  variety  of  ways.  Ulceration  of 
the  intestines  and  stomach,  abscesses  of  the  spleen,  suppurative  inflam- 
mation of  the  mesentery  and  mesenteric  glands,  inflammation  and  ulcer- 
ation of  the  bile  ducts  from  gall  stones,  inflammation  of  the  umbilical 
vein  in  infants,  may  all  induce  thrombi  in  their  respective  veins,  which 
may  be  propagated  to  the  portal  vein  or  may  give  rise  to  purulent  or 
septic  emboli.  Two  cases  are  recorded  in  which  a  fish  bone  in  the  por- 
tal vein  induced  suppurative  inflamnmtion  in  that  vessel. 

Infarction  of  the  liver  after  embolism  is  rare  owing  to  the  anastomosis 
between  the  branches  of  the  hepatic  artery  and  the  capillaries  of  the  lob- 
ules. Occasionally  atrophy  of  the  parenchyma  in  circumscribed  areas 
follows  thrombosis  or  embolism  of  branches  of  the  portal  vein. 

In  infants  inflammation  of  the  umbilical  vein  may  not  only  induce 
Inflammation  of  the  portal  vein  and  abscesses  in  the  liver,  but  multiple 
abscesses  in  various  parts  of  the  body,  and  acute  peritonitis  may  follow. 

Rupture  of  the  Portal  Vein,  iritb  fatty  d^eneration  of  its  walls,  has 
occurred  in  a  few  instances. 

Chronic  Eadophlehitis,  with  atheroma  and  calciflcation,  may  occnr  in 
the  walls  of  the  portal  vein,  giving  rise  to  thrombosis. 

Dilatation  of  the  Portal  Vein,  either  uniform  or  varicose,  may  occur  in 
various  parts  of  the  vessel  or  its  branches.  It  may  be  caused  by  destruc- 
tion of  the  liver  capillaries  in  cirrhosis,  or  by  occlusion  of  the  vein  by 
thrombi,  tumors,  et«. 

The  Hepatic  Veins. 

The  hepatic  veins  present  lesions  similar  to  those  of  the  portal  vein  and 
its  branches,  but  they  are  much  less  frequents  The  veins  may  be  dilated 
by  obstruction  to  the  passage  of  \'enous  blood  into  the  heart.  They  may 
be  the  seat  of  acute  and  chronic  inflammation,  and  soft  thrombi  and  sup- 
purative inflammation  may  be  produced  by  abscesses  in  the  liver.  Barely 
there  is  a  localised  obliterating  phlebitis  in  the  hepatic  vein  followed  by 
chronic  congestion,  interstitial  inflammation,  and  thrombosis.' 
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ATSOPBT. 


Atrophy  of  the  liver  may  affect  the  entire  oi^n  or  be  confined  to 
some  part  of  it.  Geoeral  atrophy  may  occur  in  old  age  as  a  senile 
change,  or  may  be  induced  by  Btai^'atiou  or  chronic  exhausting  diseases. 
The  organ  is  diminished  in  size,  is  usually  firm,  and  the  acini  appear 
smaller  than  usual.  Microscopically  the  change  is  seeu  to  be  due  to  a 
diminution  in  size  of  the  liver  cells,  and  hand-in-hand  with  this  there 
occurs  frequently  an  accumulation  of  pigment  granules  within  the  atro- 
phied cells.  The  cells  may  entirely  disappear  over  circumscribed  areas, 
leaving  only  shrivelled  blood-vessels  and  connective  tissue ;  or,  in  some 
cases,  there  may  be  an  increase  of  connective  tissue  in  connection  with 
the  atrophy  of  the  cells.  When  much  pigment  is  formed  in  the  cells  the 
lesion  is  often  called  pigment  atrophg. 

Essentially  the  same  changes  may  occur  in  circumscribed  portions  of 
the  liver,  as  the  result  of  pressure  from  new  connective  tissue  in  cirrhosis, 
from  tumors,  hydatids,  amyloid  degeneration,  gall  stones,  etc.  In  at- 
rophy from  pressure  the  liver  cells  are  apt  to  become  very  much  flat- 
tened and  squeezed  together  as  they  diminish  in  size. 

DEOEHEBATION. 

Alhominous  De^neration.— In  the  infections  diseases  and  in  certain 
cafies  of  acute  antemia  and  phosphorus  poisoning — the  liver  is  swollen 
and,  on  section,  of  a  dull  yellowish-gray  color,  looking  as  if  it  had  been 
boiled.  It  contains  less  blood  than  usual,  and  the  outlines  of  the  lobules 
are  indistinct.  Microscopical  examination  shows  the  lesion  to  consist  of 
a  swelling  of  the  liver  cells  and  an  accumulation  in  them  of  moderately 
refractile,  finer  and  coarser  albuminous  granules.  These  granules  may 
disappear  and  the  cells  return  to  their  normal  condition,  or  fatty  degen- 
eration may  follow.     Fatty  and  parenchymatous  degenerations  are  often 


Focal  necrasis  of  liver  cells  occurs  in  many  acute  infectious  diseases 
(see  page  201). 

Acnt«  Tellow  Atrophy  (Acute  Parenchymatoiu  D^neration). — This  rare 
disease  is  characterized  anatomically  by  a  rapid  diminution  in  the  size 
of  the  liver  as  the  result  of  a  granulai'  and  fatty  degeneration  and  disin- 
tegration of  the  liver  cells.  The  liver,  sometimes  within  a  few  days, 
may  be  induced  to  one-half  its  uormal  size.  On  opening  the  abdominal 
cavity  the  organ  may  be  found  lying,  concealed  by  the  diaphi'agm,  close 
against  the  vertebral  column.  The  amount  of  diminution  and  the  gen- 
eral appearance  of  the  affected  organ  dei)end  to  a  considerable  extent 
upon  its  previous  condition — i.e.,  whether  or  not  it  was  the  seat  of  other 


Digitized  by  Google 


THE    LIVBH.  589 

lemons — as  well  as  npou  the  degree  of  degenerative  change.  In  general, 
if  the  lesion  ia  well  marked,  the  liver  is  small,  flabby — sometimes  almost 
fluctuating — aud  the  capsule  wrinkled.  On  section  the  cnt  surface  may 
show  bat  little  trace  of  lobular  structure,  but  presents  an  iri-egular  mot- 
tling with  gray,  ochre- yellow,  or  red ;  sometimes  one,  sometimes  another 
color  preponderating. 

Microscopical  examination  shows  varying  degrees  of  degeneration  and 
destruction  of  the  liver  cells.  Most  evidently  in  those  parts  which  have 
a  grayish  appearance,  the 
outlines  of  the  cells  are 
preserved  and  the  proto- 
plasm is  filled  with  lai'ger 
and  smaller  granules.  In 
the  yellow  portions  the  out- 
lines of  the  liver  cells  may 
be  preserved,  andtbeymay 
contain  varjing  quantities 
of  larger  and  smaller  fat 
droplets  and  granules  of 
yellow  pigment.  Or  the 
cells  may  be  necrotic  or 
disintegrated,  and  in  their 
place  are  irregular  collec- 
tions of  fat  droplets,  pig- 
ment granules,  red  and  yel-  g,o.  865.-Acir™  yellow  airophv  ok  thi  livkh. 

low  crystals,  and  detritus;  tub  ilverwll*  in  llie  periphery  ot  the  lobule  are  mtle  cUbiKCwI: 
only    the    connective    tissue  Umge  U)«»nl  tte  eeDlre »«  largelr  aewroyed. 

and    blood- ^'essels    of    the 

original  liver  tissue  remaining  (Fig.  355).  The  red  areas  may  show 
nearly  complete  absence  of  liver  cells  and  cell  detritus,  and  some- 
times irregular  rows  of  cells  which  are  variously  interpreted  as  being 
new-formed  gall  ducts  or  proliferated  liver  cells."  In  these  areas  it  ap- 
pears to  t>e,  in  part  at  least,  the  blood  contained  in  the  vessels  which  im- 
parts the  re<l  color.  Sometimes  the  interstitial  tissue  is  infiltrated  with 
small  spheroidal  cells  resembling  leucocytes.  Ci-ystals  of  leucin  and  ty- 
rosin  are  sometimes  found  intermingled  with  the  cell  detritus.  In  some 
cases  the  liver  is  not  diminished  in  size. 

These  lesions  of  the  liver  are  frequently  associated  with  enlargement 
of  the  spleen  and  parenchymatous  degeneration  of  the  kidney  and  of  the 
heart  muscle.  Multiple  hffimorrhages  may  occur  in  the  gastro-intestinal 
canal,  kidneys,  bladder,  and  lungs.  There  is  usually  marked  jaundice. 
This  disease  is  more  common  in  women  than  in  men  and  in  many  cases 
has  oecurre<i  in  the  puerperal  state.  Various  forms  of  bacteria  found  in 
the  liver  are  of  doubtful  significance.  The  excitant  of  the  disease  is  un- 
known, and  it  is  an  open  question  whether  it  is  a  disease  primarily  of  the 
li\-er  or  an  acute  infection  or  iotoxication  with  marked  local  lesions.     It 

'  Fnr  a  study  of  regeDerative  changes  la  the  liver  itflcr  acute  yellow  atrophy  seo 
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IS  not  uiilikeU  that  more  than  one  fomi  of  lesion  is  grouped  under  this 


Fatty  Infiltration. — In  the  normal  human  liver  there  is  osually  a  cer- 
tain amount  of  fat  in  the  liver  cells,  and 
this  amount  varies  considerably  under 
different  conditions. 

The  gross  appearance  of  pathological 
fatt\  li\ers  varies  a  good  deal,  depend- 
ing upon  the  amount  and  distribution 
I  ot  &t  and  its  association  with  other 
changes.  If  the  lesion  is  uncomplicated 
and  considerable  the  organ  is  increased 
in  size  the  edges  are  rounded,  the  con- 
sistence IS  firm,  the  color  yellowish,  and 
the  cut  surface  greasy.  The  lobules  are 
enlarged  and  their  outlines  usually  indistinct,  and  the  blood  content  is  di- 


Portlon  ot  llKi  periphery  ot  a  lohule,  showing  many  liver  cells  dlBtended  with  »  sinRle  large  drop  ot  ft, 
Willie  between  ibeee  am  liver  rella  wlUi  amiill  tu  diopteu  and  otliera  flattened  by  pressnre.  In  UiiB  aeo- 
lion,  bardeoed  by  aleobal.  (be  tat  bao  been  dlieolred.  leBTlng  elear  spaces. 

minished.  The  liver  is  increased  in  weight.  The  lesion  may  be  uniform 
throughout  the  organ  or  it  may  occur  in  patches.  In  the  latter  case  the 
liver  has  a  mottled  appearance,  irregular  yellowish  patches  alternating 
with  the  brownish-red,  unaffected  portions. 

Fatty  inliltration  is  often  associated  with  chronic  congestioD  (nutmeg 
Uver),  with  cirrhosis  and  amyloid  degeneration ;  the  picture  may  then 
present  considerable  complexity.  Fatty  livers  may  be  stained  brown  or 
greenish  with  bile  pigment. 

lite  yellow  atrophy,  sec  Ziegler'a  "Lebr- 


D.g.t.zed  by  GoOg  Ic 


THE   LITEH.  .  591 

Microscopically  the  liver  cells  are  seen  to  contain  larger  and  smaller 
droplets  of  fat  (Fig.  310),  and  frequently  large  drops  of  fat  occupy  nearly 
the  entire  volume  of  the  cell,  so  that  the  protoplasm  may  be  visible  only 
as  a  narrow,  nucleated  crescent  at  one  side,  or  it  may  disappear  alto- 
gether (Fig.  311). 

Fatty  infiltration  of  the  liver  may  occur  as  a  result  of  excessive  in- 
gestion of  oleaginous  food;  in  chronic  alcohol,  phosphorus,  and  arsenic 
poisoning;  in  certain  exhausting  diseases  accompanied  by  maluutrition, 
as  in  pulmonary  phthisis,  chronic  dysentery,  etc. ;  and  under  a  variety 
of  conditions  which  we  do  not  understand.  It  is  common  in  children 
especially  in  acute  infectious  diseases. ' 

Fatty  BegenerRtion. — lu  this  condition,  which  Id  many  cases  cannot 
be  morphologically  distinguished  from  fatty  infiltration,  the  fat  is  be- 
lieved to  be  fonned  by  a  transformation  of  the  protoplasm  of  the  liver 
cells.  The  fat  droplets  are,  for  the  most  part,  very  small  and  abundant, 
though  this  is  not  coustant.  Fatty  degeneration  of  the  liver  cells  fre- 
quently follows,  and  is  associated  with,  cloudy  swelling  under  tJie  vary- 
ing conditions  in  which  this  occurs,  or  It  may  appear  in  profound  ansemia 
and  in  acute  phosphorus  and  arsenic  poisoning. 

Amyloid  D^aeration. — In  the  liver  amyloid  degeneration  may  be 
general  or  local ;  so  extensive  as  to  give  the  organ  very  characteristic 
appearances,  or  so  slight  as  to  be  unrecognizable  without  the  aid  of  the 
microscope.     It  may  be  associated  with  other  lesions.     When  the  change 


FIQ.  3G8.— AUVLOm  DEaWIBBiTlON  O?  LlTKB  CiPlLLilUES. 

Tbe  capDlMlei  are  mucb  enlanied  uid  occluded  b;  Iba  ■mjlold  malerW ;  Uie  Uv«r  cella  between  tlii>m  are 
auvpUed. 

is  extensive  and  general  the  liver  is  enlarged  sometimes  to  more  than 
twice  its  normal  size ;  the  edges  are  thickened  and  rounded ;  the  surface 
is  smooth ;  the  tissue  tough,  firm,  inelastic,  moi'c  or  less  translucent,  and 
of  a  brownish-yellow  color.  The  lobular  structure  may  be  more  or  less 
indistinct,  or  it  may  become  very  evident  by  an  associated  fatty  degen- 
eration of  the  peripheral  or  central  cells  of  the  lobules.  The  translu- 
'  See  Freeman,  Archives  of  Pediatrics,  vol.  xvii.,  p.  81,  1900. 


d,  Google 


692  .  THK  LIVEB. 

cency  and  pecnliar  appearance  of  tbe  tissue  may  be  best  seen  by  slicing 
off  a  thin  BectioD  and  holding  it  up  to  tbe  light.  ^Mieo  the  lesion  is  less 
considerable  the  liver  may  be  of  the  usual  size,  and  may  feel  harder  thau 
normal,  and  here  and  there  a  translucent  mottling  may  be  evident,  or 
the  degeneration  may  be  apparent  only  on  the  addition  of  staining 
agents.  When,  as  is  frequently  the  case,  it  is  associated  with  cirrhosis, 
the  liver  may  be  siniill  and  nodular,  and  the  appearance  of  the  cut  sur- 
face varies,  depending  upon  the  character  of  the  cirrhotic  change  and 
the  presence  or  absence,  of  fat. 

This  degeneration  usually  commences  in  tbe  walls  of  the  intralobular 
blood-vessels,  causing  them  to  become  thickened  and  translucent  (Fig. 
312),  Their  lumen  may  be  nearly  or  entirely  occluded.  The  liver  cells 
may  be  squeezed  by  the  thickening  of  the  vessels  and  may  become  par- 
tially or  completely  atrophied,  or  they  may  be  fatty.  Amyloid  degener- 
ation may  also  involve  the  interlobular  vessels,  and  in  advanced  stages 
larger  and  smaller  areas  of  liver  tissue  may  be  almost  completely  con- 
verted into  the  dense,  refractile  substance  in  which  here  and  there  flat- 
tened liver  cells  may  be  seen. 

Amyloid  degeneration  of  the  liver  is  usually  associated  with  a  simi- 
lar lesion  of  other  organs. 

Glycogen  D^eneration.— This  may  occur  in  the  liver  cells  iu  diabetes. 

PIOHENTATIOH  OF  THE  LITEB. 

As  a  result  of  severe  malarial  poisoning  a  variable  amount  of  brown, 
black,  or  reddish  pigment  is  often  found  in  the  blood.  This  is  usually 
mostly  taken  up  by  the  leucocytes  and  deposited  iu  various  parts  of  the 
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body,  chiefly  in  tlie  liver,  spleen,  and  marrow  of  the  hones.  In  the  liver 
it  is  usually  fonud  enclosed  in  the  endothelial  cells '  free  or  in  place  in  the 
blood-vessels  (see  Fig.  So9),  but  sometimes  in  the  tissue  bet-ween  fhem. 
The  liver  cells  frequently  contain  bile  pigment,  but  usually  ai-e  free  from 
the  melanotic  pigment  characteristic  of  this  malarial  condition.  As  tie 
result  of  this  accumulation  of  pigment  the  liver  may  have  a  dark  reddish- 
brown,  an  olive-brown,  or  black  color  (sometimes  called  br<yme  liver). 
Pigmentation  of  the  liver  may  be  marked  hi  hteniochromiitosis  (see 
p.  88). 

Pigment  similar  in  character  to  that  which  occurs  in  the  lungs  from 
the  inhalation  of  coal  dust  may  be  found  in  the  connective  tissue  along 
the  portal  vessels.  Inhaled  pigment  particles  may  pass  the  lungs  and 
bronchial  lymph-nodes,  and  be  deposited  in  the  liver  as  it  is  in  the  spleen 
and  hepatic  lymph-nodes. 

Pigmentation  of  the  liver  cells,  which  is  to  a  certain  extent  normal, 
may  he  greatly  increased  as  a  result  of  atrophy,  of  localized  htemorrhage, 
and  of  obstructive  jaundice. 


OALOIFICATION. 

This  lesion  of  the  liver  is  rare.     The  deposit  of  lime  may  be  in  the 
vicinity  of  the  arteries  or  the  veins.' 


IN7I.AJIlU.TIOir.    (Hepatitis.) 

Acat«  Exudative  Hepatitis  (Punlent  Hepatitis). — Purulent  or  suppura- 
tive inflammation  of  the  liver  may  be  the  result  of  injury ;  it  may  be 
secondary  to  infiammation  of  the  gall  ducts  or  the  branches  of  the  portal 
vein.  It  may  occur  as  the  result  of  the  presence  of  tumors  and  parasites, 
or  from  propa^tion  of  an  inflammatory  process  from  without,  as  in  ulcer 
of  the  stomach  with  adhesions  to  the  liver  and  secondary  involvement  of 
the  latter.  It  is  often  directly  due  to  the  introduction  of  bacteria  into 
the  organ,  through  the  blood-vessels  or  gall  ducts  or  otherwise.  Puru- 
lent inflammation  itt  the  liver  almost  always  results  in  abscess. 

Large  abscesses  of  the  liver  may  be  traumatic,  but  are  often  due  to 
unknown  causes.  They  are  not  infrequently  associated  with  dysentery, 
and  may  then  be  due  to  the  conveyance  of  micro-oi^anisms  through  the 
veins,  or  lymph  channels,  or  peritoneum,  or  gall  ducts  from  the  intestinal 
ulcers.  Such  abscesses  may  he  due  to  the  presence  of  the  amceba  coli. 
They  occur  most  frequently  in  tropical  climates — hence  the  name  tropical 
abscess — but  are  not  veiy  uncommon  in  the  temperate  zone.  They  are 
usually  single,  but  there  may  be  several  of  them.  They  are  sometimes 
so  large  as  to  occupy  a  lai^e  part  of  the  lobe.  They  are  most  frequent 
in  the  right  lobe,  but  may  occur  in  any  part  of  the  organ.     They  tend  to 


'  See  lin'/l  and  Libnian,  Jour.  Exp.  Med,,  vol.  I 
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enlarge,  and  as  they  do  so  they  approach  the  surface  of  the  liver.  Here 
the  contents  of  the  abscess  may  be  discharged  into  the  peritoneal  cavity. 
More  frequently,  however,  as  they  approach  the  surface,  a  localized 
adhesive  peritonitis  ensues,  so  that  the  liver  becomes  bound  to  adjacent 
pai-ts,  and  thus  the  abscess  may  open  iuto  the  pleural  cavity,  or,  owing 
to  a  secondary  pleurisy  with  adhesions,  into  the  lung  tissue.  They  may 
open  into  the  pericardiimi.  They  may  open  externally  through  the  ab- 
dominal wall;  into  the  stomach,  duodenum,  colon,  or  pelvis  of  the  right 
kidney ;  into  the  hepatic  veins,  portal  vein,  vena  cava,  or  gall  bladder 
or  gall  ducts. 

The  early  stages  in  the  formation  of  lai^  abscesses  of  the  liver  are 
but  little  known.  It  is  probable,  however,  that  in  many  cases  they  are 
the  result  of  the  confluence  of  smaller  abscesses  (Fig.  373).  Their  con- 
tents, nsually  bad-smelliug,  may  be  thick  and  yellow  like  ordinary  pus, 
but  more  commonly  they  are  thin,  reddish -brown,  or  greenish  in  color 
from  admixture  with  the  pus  of  blood,  gall  pigment,  and  broken-down 
liver  tissue.  Microscopical  examination  shows  the  contents  to  consist  of 
fluid  with  pus  cells,  more  or  less  degenerated  blood,  degenerated  liver 
cells,  fragments  of  blood-vessels,  and  pigment  granules  and  crystals. 
The  walls  of  the  abscess  are  usually  ragged,  shreds  of  necrotic  liver  tissue 
hanging  from  the  sides.  Microscopical  examination  of  the  liver  tissue 
near  the  abscess  shows  infiltration  with  pus,  fattening  of  the  liver  cells 
from  pressure,  cloudy  swelling,  aud  necrosis  of  those  lying  along  the 
cavity. ' 

The  amoebic  abscesses  are  usually  free  from  bacteria.  Other  ab- 
scesses may  contain  the  Bacillus  coli  communis,  or  the  Streptococcus 
pyogenes  or  Staphylococcus  pyogenes. 

Not  infrequently,  however,  especially  in  old  abscesses,  examination 
both  morphological  and  cultural  fails  to  reveal  the  presence  of  micro- 
organisms. 

After  the  discharge  of  the  contents  of  the  abscess  or  without  this,  if 
it  be  not  very  lai^e,  granulation  tissue  may  form  in  the  wall  of  the  cav- 
ity and  a  fibrous  capsule  be  produced,  enclosing  the  contents,  which  be- 
come thickened  and  often  calcareous,  and  in  this  condition  may  remain 
for  a  long  time.  Or  the  connective-tissue  walls  may  approach  one  an- 
other and  join,  forming  a  fibrous  cicatrix  at  the  seat  of  the  abscess. 

iSmaU  multiple  metaalotic  abscesses  are  not  infrequent  in  pyieraia.  In 
these  abscesses  we  can  readily  study  the  various  stages  of  formation. 
Suppurative  processes  in  any  part  of  the  body — in  the  head,  upper  and 
lower  extremities,  etc. — may  act  as  distribntiug  centres  for  micro-oi^n- 
isms.'  These,  entering  the  cireulatiou,  may  pass  the  heart  and  pnlmo- 
nary  capillaries,  with  or  without  inducing  lesions  in  the  lungs,  and,  lodg- 
ing in  the  ves-sels  of  the  liver,  induce  circumscribed  necrosis  of  the  liver 
tissue  (see  Fig.   41,  page  113)  and  suppurative  inflammation.     Under 

'  8ec  for  &  study  of  tropical  ahscesB  of  the  liver  Uoirara  and  Hoover,  Am.  Jour. 
Med.  Sciences,  vol.  cxiv..  pp.  ISO,  303.  18117,  bibliography^ 

^  Kriite  and  I'luquale,  Zc-itschr,  f.  llygienf  ii.  Iiifkr,  Bd.  xvi.,  p.  1.  1894, 
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tbese  conditions  we  may  find  on  a  section  of  the  liver  larger  and  smaller 
yellowish  or  grayish  spot«,  the  lai^er  of  which  may  be  soft  and  present 
the  usual  chara^'-tei-s  of  abscesses.  The  smaller,  which  may  not  be  larger 
than  a  pin's  head,  may  present  the  usual  consist«nce  of  liver  tissue  with 
the  lobular  structure  still  evident;  others  may  be  softer,  more  yellow, 
and  surrounded  by  a  zoue  of  hyperffimic  liver  tissue.  Microscopical  ex- 
amination of  the  earlier  st^es  often  shows  the  blood-vessels  filled  with 
bacteria,  scattered  aud  in  masses.  Around  these  the  liver  cells  are  found 
in  various  stages  of  necrosis;  iu  mauy  the  nuclei  do  not  stain  aud  the 
bodies  are  very  granular,  or  the  entire  cell  is  broken  down  into  a  mass 
of  detritus.  About  these  necrotic  islets  of  liver  cells  pus  cells  collect 
and  often  form  a  zone  of  dense  infiltration  (Fig.  12,  page  114).  Thus, 
by  the  Increase  of  pus  cells  aud  the  necrosis  of  liver  tissue,  small  ab- 
scesses are  formed  whose  contents  are  intermingled  with  greater  or  less 
numbersof  bacteria  (Fig.  360),  which  seem  to  increase  in  number  as  the 
process  goes  on.     By  the  confluence  of  small  abscesses  larger  ones  may 


FI<3.  aaO.— SHALL  ABSCESSES  IN  THE  L: 

be  formed.     Death  usually  ensues,  however,  before  the  abscesses  attain 
a  very  large  size. 

Chronic  Interstitial  Hepatitis  (Cirrhosis). — The  most  marked  result  of 
chronic  interstitial  hepatitis  is  the  formation  of  new  connective  tissue  in 
the  liver.  The  character,  amount,  and  distribution  of  the  new  tissue 
vary  greatly  in  different  cases.  Secondarily  there  are  usually  marked 
changes  in  the  liver  cells  and  in  the  blood-vessels  aud  gall  ducts.     The 
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new  tissae  is  most  commonly  formed  and  most  abundant  in  the  periph- 
ery of  the  lobules  along  the  so-called  capsule  of  Glisson,  but  it  may  ex- 
tend into  the  lobnlea  between  the  liver  cells.  It  may  snrround  single 
lobuleR,  or  more  frequently  larger  and  smaller  groujw  of  lobules  (Fig. 


L   HEPiTlTlB— ( 

a.  Npw-Conued  «jDD«ctlve  Unite ;  li,  dllaWd  blood-vcneb  of  tbe  new  tismv :  e.  nri  duct. 

361).  It  may  occur  in  broad  or  narrow,  irregular  streaks  or  bands. 
It  is  frequently  more  abundant  in  one  part  of  the  liver  than  in  another. 
The  new-formed  tissue  tends  to  contraet,  and  thus  compromise  by  press- 
ure the  enclosed  islets  of  liver  tissue,  causing  them  to  project,  in  lai^er 
and  smaller  nodules,  from  the  surface  of  the  oi^n.  The  liver  cells  may 
be  flattened  or  atrophied  from  pressure ;  or,  from  interference  with  the 
portal  circulation,  they  may  atrophy  or  become  fatty;  or  they  may  be- 
come colored  with  bile  pigment.  This  form  of  lesion  is  called  atrophic 
cirrhosis. 

The  varied  appearances  which  cirrhotic  livers  present  to  the  naked 
eye  depend  largely  upon  the  amount  and  distribntion  of  the  new  con- 
nective tissue  and  upon  the  secondary  changes  in  the  liver  cells.  Tbe 
surface  may  be  very  rough  and  uneven  from  the  projection  of  laj^r 
and  smaller  irregular-ahaped  nodules  of  liver  tissue  (Fig.  362)  be- 
tween which  are  tbe  depressed  contracted  bands  of  new-formed  con- 
nective tissue.  On  the  other  hand,  the  surface  of  the  liver  may 
be  smooth,  when  the  new  connect  ive-tissne  Imnds  are  small,  evenly 
distributed  or  little  eontnvcted.  Again  the  liver  may  be  greally 
distorted  and  misshapen  by  the  atrophy  of  the  parenchyma  and  the 
contraction  of  large  and  irregular  bands  or  masses  of  new  con- 
nective tissue.     In  section  through  cirrhotic  livera  the  new  tissue  may 
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not  be  visible  to  the  naked  eye,  or  it  may  appear  as  grayish,  irregu- 
lar streaks,  or  bands,  or  patches,  oft«n  sharply  outlined  agaiust  the 
dark-red,  or  brown,  or  yellow,  or  greenish-yellow  parenchyma.  When, 
as  is  often  the  case,  fatty  infiltration  is  associated  with  atrophic.cirrhosis, 
the  liver  may  not  only  not  be  diminished  in  size  but  may  be  larger  than 
normal. 

On  microscopical  examination  the  new  connective  tissue  is  found  in 


FIO.  3BS. -t'llHONlC  iNTERSmUI.    HKPATITIB— CliWHOSIB, 

On  account  o[  the  ro 


some  cases  loose  in  texture  and  containing  many  variously  shaped  cells; 
or  it  may  be  dense  and  contain  comparatively  few  cells;  it  is  usually 
quite  vascular. 

The  new  connective  tissue'  is  most  abundant  between  the  li^'cr  lobules 
but  it  may  encroach  more  or  less  upon  fhcir  peripheries.  Small  gall 
ducts,  some  of  them  at  least  apparently  new  formed,  are  usually  present 
in  the  connective  tissue  around  Ihe  islets  of  parenchyma  (Fig.  363). 
Some  of  these  may  usually  be  found  continuous  with  the  old  ducts  or 
gall  capillaries.     Sometimes  rows  of  more  or  less  cnboidal  cells  iu  the 

'  For  a  «t»idy  of  tlie  character  of  the  new  connective  tissue  in  cirrhosis  see  FtexTter, 
University  Medical  Magaziue.  vol.  xiii.,  p.  813,  IBOO. 
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connective  tissue  appear  to  be  liver  cells  which  have  reverted  to  a  aim- 
pier  type  (Fig.  364).' 

The  branches  of  the  hepatic  and  portal  veins,  particularly  the  latter, 
often  became  obliterated  by  pressure  from  the  uew  connective  tissue  or 
from  chronic  thickening  of  their  walls,  so  as  seriously  to  interfere  with 


Fia.  383.— Chronic  iNTERarmiL 

Showing  B.  portfon  ot  tbesectlun  ■bown  In  FIs.  Wl,  but  more  btslilj  maKDiled.    n.  ForUoDS  of  liver 

Intaulea ;  (i.  aew-rormM  coanecUve  llsaue ;  c.  Rail  ducts,  apparenlly  new  (cinned ;  d,  blood-Tesaels  Id  tbe 

the  functions  and  nutrition  of  the  liver  cells.  The  bile  ducts  also  may 
become  obliterated,  or  there  may  be  catarrhal  inflammation,  especially 
of  the  larger  trunks.  The  branches  of  the  hepatic  artery  are  much  less 
liable  to  alterations  than  the  other  vessels.  The  capsule  of  the  liver 
is  usually  thickened,  either  uniformly  or  in  irregular  patches;  or  its  sur- 
face may  be  roughened  by  larger  and  smaller  papillary  projections. 
The  liver  is  frequently  bound  to  the  diaphragm  or  other  adjacent  or- 
gans by  connective -tissue  adhesions.  Amyloid  and  fatty  degeneration 
may  be  associated  with  cirrhosis.  Cirrhotic  livers  frequently  show  an 
unusual  number  of  leucocytes  in  the  blood-vessels. 

The  obstruction  to  the  portal  circulation  induced  by  cirrhosis  usu- 
ally gives  rise  to  a  number  of  secondary  lesions,  since  collateral  circu- 
lation is  rarely  established  in  sutRcient  degree  to  afford  much  relief. 
The  hiemorrhoidal  and  vesical  ^eins  may  be  greatly  enlai^ed,  and  also 
veins  of  communicatiou  between  Glisson's  capsule  and  the  diaphrag- 
matic veins. 

'For  a  study  of  cell  regeneration,  reversion,  etc,  sec  Adami,  A.  Jacobl's  Festschrift, 
1900,  p.  4S2. 
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III  rare  cases  a  very  peculiar  dilatation  of  the  cutaiieona  veins  about 
the  umbilicua  is  obser\-ed.  The  eularged  veins  form  a  circular  network 
arduud  the  umbilicus,  or  a  pyramidal 
tumor  beside  it,  or  all  the  veiua  of  the 
abdominal  wall,  from  the  epigastrium 
to  the  inguinal  region,  are  dilated. 
This  condition  is  said  to  l>e  depend- 
eut  upon  the  congenital  non-closure 
and  subsequent  dilabition  of  the  um- 
bilical vein  and  its  anastomoses  with 
the  internal  mammary,  epigastric,  and 
cutaneous  veins.  According  to  Sap- 
pey,  it  is  not  the  umbilical  vein  ivhich 
is  dilated,  but  a  vein  which  accom- 
panies the  ligamentum  teres. 

There  is  very  frequently  also  a 
dilatation  of  the  veins  of  the  abdomi- 
nal wall,  vhich  has  a  different  origin. 
It  is  produced  by  the  pressure  of  the 
dnid  of  ascites  on  the  vena  cava,  and    ""■  8M.-nkw-for«i<d  o*ll  dccts  in  c.b- 

is  found  with  ascites  from  any  cause 

.,,,.,,  Tbe  section  shorn  the  pro}erlli>D  iulo  the  new 

and  with  abdominal  tumors.  amneniveUisiieriDmlhenxiSDloiailTercella, 

Ascites  is  the   most    common    sec-      ^^^  ""^  rt^mbllng  gslMuct  epItheUum. 
.  .....         This  maybelntenireleilBsm  ewunplB  of  rever- 

ondary   lesion  of  atrophic  cirrhosis,     iian oribe dinerenuated  uver ceiii  to  a  simpler 
It  usually  begins  at  an  early  stage  of    *^^- 
the   disease,   and   is   apt  to  increase 

constantly.  It  generally  precedes  oedema  of  the  feet,  but  both  may  ap- 
pear at  the  same  time.  This  fluid  is  of  a  clear  yellow  or  brown,  green 
or  red ;  it  is  sometimes  mixed  with  shreds  of  fibrin,  and  more  rarely 
with  blood.  The  peritoneum  remains  normal,  or  becomes  opaque  and 
thicli,  or  there  may  be  adhesions  between  the  visc«ra. 

The  spleen  is  very  frequently  enlarged,  and  the  enlargement  may  be 
considerable.  When  it  is  not  increased  in  size  this  seems  usually  due 
to  previous  atrophy  of  the  organ,  or  to  fibrous  thickening  of  its  capsule, 
or  to  hsemorrhages  from  the  stomach  and  bowels  occurring  jnst  before 
death. 

The  stomach  and  intestines  are  often  secondarily  afifected  by  the  ob- 
struction to  the  portal  circulation.  Profuse  hemorrhage  from  the  stom- 
ach and  intestines  may  occur  and  sometimes  cause  sudden  death.  The 
mucous  membrane  is  then  found  pale,  or  congested,  or  with  hcemor- 
rhagic  erosions.  The  bxmorrliage  not  infrequently  results  from  rupture 
of  (esophageal  varices  which  are  present,  especially  in  the  lower  portion, 
in  a  noteworthy  proportion  of  cases  of  atrophic  cirrhosis.'  Sometimes 
the  blood  is  inflitrated  in  the  coats  of  the  stomach  and  intestines. 

The  mucous  membrane  of  the  stomach,  and  of  the  entire  length  of  the 
intestines,  is  frequently  the  seat  of  chronic  catarrhal  inflammation,  and 

'  For  a  critical  Huinmary  of  gas tro -intestinal  htcmorrhage  in  cirrhosis  with  bibliog- 
raphy see  Preble,  Am.  Jour.  MwJ.  Sciences,  vol.  cxix.,  p.  26i!.  1900. 
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is  sometimes  iiDJformly  ami  intensely  eongesfed  ami  coated  with  luncus. 
Id  otber  cases  both  tiie  mucous  and  muscular  coats  are  pale,  but  verj 
markedly  thickened. 

Cirrhosis  of  the  liver  is  not  infrequently  accompanied  by  chronic  dif- 
fuse nephritis. 

Hypertrophic  CirrhoaiB. — There  is  a  form  of  interstitial  hepatitis  iu 
which  the  growth  of  new  tissue  occurs  not  only  between  the  lobules  but 
extends  into  the  lobule  between  the  liver  cells  (Fig.  365).  Under  these 
conditions  even  in  advanced  forms  of  the  lesion  the  liver  may  be  en- 
lai^ed,  the  surface  may  be  smooth  or  slightly  roughened,  the  parenchyma 
is  often  bile-stained.  This  form  of  interstitial  hepatitis  is  called  hyper- 
trophic cirrhosis.  There  is  a  form  of  interstitial  hepatitis,  usually  of  the 
hypertrophic  type,  in  which  the  growth  of  connective  tissue  is  most 
marked  in  the  vicinity  of  the  smaller  bile  ducts.  This  often  occurs  iu 
connection  with  obstruction  of  the  bile  ducts  and  the  lesion  is  called  bill- 
ary  cirrhosis.  In  "biliary  cirrhosis"  marked  jaundice  is  said  to  be  com- 
mon while  ascites  is  moderate  or  absent.  In  certain  eases  there  is  a 
marked  difference  in  the  gross  and  microscopic  appearance  in  atrophic 
and  hypertrophic  cirrhosis,  but  intennediate  forms  occur.  The  difference 
in  the  conditions  which  lead  to  these  two  forms  of  cirrhosis  of  the  liver, 
tte  atrophic  and  the  hypertrophic,  is  not  yet  clear,  and  the  distinctions 
which  have  been  made  between  them,  in  part  clinical,  in  part  morpho- 
logical, are  often  unsatisfactory. 


'fi  f''~ 


FiR.aBS.— HrPERTROPHlC  riRHHOSlS  Of  THE  LiTKH. 

BbonJng  fiinnaUon  of  roanectlve  tissue  between  (be  liver eetlB. 

The  cjuwt'S  <)f  cirriiosis  arc  imperfectly  understood.     It  is  a  disease 
of  adult  life,  but  exceptionally  oi-cnrs  in  children.'     Congenital  ciiThosis 

I  For  H  rt-siiiiic  of  cirriiosis  iti  clillUluwl  sra  MorMe.  Boston  Mfil.  and  Stirg.  Jrnir., 
Srpteiiiber  11th,  1U02. 
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■with  obliteration  of  the  bile  duct  is  of  occaaiooal  occurrence,'  In 
adults  it  seems  in  many  cases  to  be  directly  dependent  upon  the  contin- 
ued ingestion  of  lai^  quantities  of  strong  alcoholic  liquors.  It  very 
rarely  occurs  as  a  result  of  beer  drinking.  There  are  many  cases  of  cir- 
rhosis for  which  no  cause  can  be  discovered.'  It  is  probable  that  in  cer- 
tain cases  at  least  a  degeneration  of  circumscribed  areas  of  lirer  paren- 
chyma precedes  and  probably  determines  the  new  formation  of  connective 
tissue;  the  lesion  would  then  be  more  properly  considered  a  replace- 
ment hyperplasia  than  as  strictly  inflammatory.' 

Welch '  has  described  the  occurrence  of  small  circumscribed  areas  of 


a,  Cbeesy  f«n(re ;  b.  Ilbrous  p> 

fibrous  tissue  in  the  liver,  replacing  liver  cells  and  containing  coal  pig- 
ment.    This  rare  lesion  he  has  called  cirrhogia  hepatis  antkraeotica. 

Syphilitic  Hepatitis, — Chronic  interstitial  inflammation  of  the  liver 
very  frequently  results  from  syphilitic  infection,  either  congenitally  or 
in  the  later  stages  of  the  acquired  form.  It  may  occur  in  a  diffuse  man- 
ner, new  connective  tissue  being  formed  either  between  the  lobules,  or 
within  them  between  the  rows  of  liver  cells.  The  new  tissue  may  be 
rich  in  cells,  or  dense  and  firm.  This  form  is  frequently  seen  in  chil- 
dren, and  cannot  be  distinguished,  either  macroscopically  or  micro- 
scopically, from  similar  forms  of  interstitial  hepatitis  from  other  causes. 

'  B«'c  ItoUetton  and  Iliiyut.  British  Med.  Jour.,  1901,  vol.  1..  \i.  T6S.  bibliography. 

'  For  a  study  of  (.'Xp'ri mental  clirliOHis  of  ilic  liver  nee  v.  lltvktluiu.  ZJcglpr'a  Beitr., 
Bd.  XX.,  n.  aai,  1898.  bililiogwpliv.  Also  If'W/c,  Tr.  Clilcngo  Path.  8oc-..  KtarcJi  9Ui. 
1903. 

'Porastiiilv  or  tlic  j^ennlciiJal  ['upntilieH  of  llic  liver au<l  Ilic  possible  n-latioiistiip  iif 
latent  or  subinlcctitiii  Ui  eiirbosis  set-  Admui.  .Jour.  Am.  Med.  Assn.,  DtTenibcr  IBtli 
and  28<i,  1899.  bililiograpliy. 

'Wclrli.  "Cirrhosis  hepatis  HUthmcutica."  Johu.s  Hopkins  Hospital  Bulleliu.  vol. 
ii.,  p.  88,  1891. 
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In  other  cases,  particularly  in  children,  there  may  be  nnmerona 
small  guuiinata  (so-called  miltary  gummaia)  (Fig.  130,  page  258)  scat- 
tered through  the  liver,  together  with  more  or  less  new  connective  tis- 
sue, lu  adults  gummata  are  usually  larger,  varying  in  size  from  that  of 
a  pea  to  a  hen's  e^,  and  may  be  surrounded  by  lai^r  and  smaller  irr^- 
ular  zoues  of  ordinary  connective  tissue  (Fig.  366).  In  still  other  cases 
in  adults  there  are  larger  and  smaller  dense,  irregular  bauds  or  masses 
of  connective  tissue  running  through  the  liver,  drawing  in  the  capsule 


Tbe  lIciT  Ik  Rrettly  defanned  by  Ihtt  conlracllon  o(  nen*-ri>niiHl  coniiH^lve  Ilimuit,    The  nuncvd  suifsce  fr 

and  often  ca,usiug  great  deformity  of  the  orgau  (Fig.  .$67),  These  bands 
and  ma&ses  of  new  tissue  may  or  may  not  enclose  gummata,  either  large 
or  small.  These  deforming  cicatrices,  either  with  or  without  gnmmata, 
are  \ery  characteristic  of  syphilitic  inflammation  of  the  liver. 

This,  like  the  simple  interstitial  inflammation  of  the  liver,  may  be 
associated  with  fatty  and  waxy  degeneration,  and  with  atrophy  of  the 
parenchyma  from  pressure. 

Inbercoloas  Hepatitis. — This  lesion,   which  is   usually  secondary  to 
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tuberculous  iiiflainmatiou  iu  some  other  part  of  the  bcdy,  or  a  part  of 
acute  geueral  miliary  tut)erculosi8,  is  most  frequently  characterized  by 
the  formation  of  lai^r  and  smaller  miliary  tubercles,  which  may  be 
either  within  or  between  the  liver  lobules  or  in  the  walls  of  the  bile 
ducts.  Many  of  the  tubercles  are  too  small  to  be  seen  with  the  uaked 
eye;  others  may  be  juat  visible  as  grayish  points;  still  others  may 
be  from  1  to  3  mm.  iu  diameter,  with  distinct  yellowish- white  cen- 
tres. Microscopical  examination  shows  considerable  variation  in  the 
structure  of  the  tubercles  in  different  cases,  as  well  as  io  the  same  liver. 
Some  of  them,  usually  tlw  smaller  ones,  consist  simply  of  more  or  less 


circumscribed  collections  of  small  spheroidal  cells,  which  are  not  mor- 
pholt^ically  distinguishable,  so  far  as  the  form  and  ari-angement  of  the 
cells  are  concerned,  from  simple  inflammatory  foci,  or  from  the  diffuse 
masses  of  Ij-mphatic  tissue  which  occur  normally  in  the  liver. 

In  other  foims  we  find  a  well-marked  ivticulum  with  larger  and 
smaller  spheroidal  and  polyhedral  cells,  with  or  without  giant  cells.  In 
still  other  fonns  there  is  more  or  leas  extensive  cheesy  degeneration  (Fig. 
368),  The  lai^er  fonns  are  conglomerate,  being  composed  of  sevenil  tu- 
bercle granula  joined  t^tgcther  to  form  a  single  nodular  mass.  The  liver 
cells  at  the  seat  of  the  tubercle  are  destroywi,  and  the  interstitial  tissue 
and  blood-vessels  are  either  destroyed  or  merged  into  the  tubercle  tissue. 
In  the  periphery  of  the  tubei-cles  the  liver  cells  may  he  iu  a  condition 
of  coi^ulation  necrosis,  and  the  tissue  round  about  may  be  infiltrated  with 
small  spheroidal  cells.  There  is  in  some  cases  a  new  formation  of  gall 
ducts  or  of  structures  which  resemble  these,  and  which  in  ti-ansverse  sec- 
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tions  resemble  giant  cells.  Tubercle  bacilli,  frequently  in  small  aninbers, 
but  ofteu  ill  great  abundance,  may  be  found  witliin  tlie  tnbercles. 

Tuberculosia  of  the  liver  may  be  associated  with  cirrhosis,  or  waxy 
and  fatty  degeneration. 

Much  more  rarely  than  the  above  form  there  are  found  in  the  liver 
more  or  less  numerous  scattered  tuberculous  masses  from  the  size  of  a  pea 
to  that  of  a  walnut  or  larger,  with  cheesy  centres  and  usually  a  new 
growth  of  connective  tissue  in  the  periphery.  These  so-called  aolttary 
tubereleg  of  the  liver  maybe  softened  at  the  centres.  Tuberculous  inflam- 
mation of  the  gall  ducts  may  give  rise  to  numerous  scattered,  cheesy 
nodules,  as  large  as  a  pea  or  larger,  which  may  be  softened  at  the  centre 
aud  stained  yellow  with  bile.  Small  cavities  may  thus  be  formed.' 
This  lesion  is  rare  aud  seems  to  be  more  frequent  in  children  than  in 
adults. 

Perihepatitis. — Acute  exudative  inflammalion  of  the  serous  covering  of 
the  liver,  with  the  formation  of  fibrin,  may  occur  as  a  part  of  acute  gen- 
eral or  localized  peritonitis,  or  over  the  surface  of  abscesses,  tumors, 
hydatids,  etc. ,  of  the  organ,  when  these  lie  near  or  approach  the  surface ; 
or  it  may  be  secondary  to  acute  pleurisy. 

Chronic  perihepatitis,  resulting  in  the  thickening  of  and  formation  of 
new  connective  tissue  in  and  beneath  the  capsule  of  the  liver,  may  be 
secondary'  to  an  acute  inflammation  of  the  capsule,  or  it  may  be  chronic 
from  the  beginning  and  associated  with  chronic  pleurisy,  chronic  peri- 
tonitis, and  cirrhosis.  In  this  way  ^ore  or  less  extensive  adhesions  of 
the  liver  to  adjacent  structures  may  be  formed ;  or,  by  contraction  of  the 
new-formed  coimective  tissue,  considerable  deformity  of  the  liver  may 
be  produced.  The  capsule  is  sometimes  uniformly  thickened,  sometimes 
the  new  tissue  occurs  In  more  or  less  sharply  circumscribed  patches.  The 
surface  is  sometimes  roughened  from  little,  irregular  projecting  masses 
of  connective  tissue.  Microscopically  the  new-formed  tissue  is  usually 
dense  and  firm,  but  it  may  be  loose  in  texture  and  contain  many  cells. 
Kot  infrequently  bands  or  masses  of  connective  tissue  run  inward  from 
the  thickened  capsule  between  the  superficial  lobules,  causing  localized 
atrophy  of  the  parenchyma. 

HTPEBFL&SIA  OF  LTHFHATIO  TISSUE  IH  THE  UTEB. 

In  some  forms  of  leuksemia  and  pseudo-leulcEemia  the  liver  is  not  in- 
frequently enlargeil  and  soft  and  besprinkled  with  small  white  spots,  or 
streaked  with  narrow  whitish,  irregular  bands,  or  it  may  be  of  a  diffuse 
grayish  color.  Microscopical  examination  shows  this  change  to  be  due 
to  an  accumulation  of  cells  resembling  leucocytes,  either  along  the  portal 
vein,  or  diffusely  through  the  liver  tissue,  or  in  small  circumscribed 
masses.  The  amount  of  accumulation  of  these  small  cells  varies  much, 
but  is  sometimes  so  great  as  seriously  to  compromise  the  lii-er  cells.  Tlie 
origin  of  these  new  cells  is  not  yet  definitely  known.     They  may  be,  and 

'  See  fur  a  study  of  tuberculous  raviiios  in  tlie  liver,  Fleldfr,  Journal  of  Pathology 
and  Bacteriology,  vol.  vi.,  p.  147,  1900,  bibl. 
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donbtless  in  part  are,  brought  to  the  organ  through  the  portal  vein;  but 
they  may,  in  part  at  least,  be  formed  in  the  liver  itself,  possibly  from 
the  eapillary  endothelium. 

In  typhoid  fever,  smallpox,  scarlatina,  diphtheria,  and  measles  small 
circinnscribed  masses  of  spheroidal  cells  are  sometimes  found  in  the 
liver.  These  uo<lules  differ  in  character,  some  are  dne  to  focal  necroses, 
such  a.s  occur  in  varions  toxfemias  with  a  later  multiplication  of  celts  or 
invasion  of  leucocytes.  In  some,  as  in  typhoid  fever,  there  is  necrosis 
with  proliferation  of  endothelium  (see  page  232).  Finally  some  of  the 
small  masses  of  spheroidal  cells  encountered  in  the  liver  in  infectious 
diseases  are  doubtless  hyperplastic  lymph-nodules.' 

TUMORS  OF  THE  LIVEB. 

Tumors  of  the  liver  may  be  primary  or  Kecondary ;  the  latter  are  most 
common. 

Cavemani  Angiomata. — These  tumors,  usually  small,  are  most  common 
ill  elderly  i>ersons  and  are  of  no  practical  significance.     Tliey  ntay  be 


situated  at  the  surface  (Fig.  36fl)  or  embedded  in  the  organ,  and  are  of 
a  dark-red  color;  sometimes  sharply  circumscribed  by  a  connective- 
tissue  cai>sHle,  sometimes  merging  imperceptibly  into  the  adjacent  liver 
tissue.  Microscopically  they  consist  of  a  congeries  of  irregular  cavities 
(Fig.  180,  page  .333)  filled  with  blood  and  frequently  communicating 
freely  with  one  another.  The  walls  of  the  cavities  consist'  of  connective 
tissue,  often  containing  small  blood-vessels,  and  are  sometimes  thick, 

"Cliuical  Pftlli- 
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sometimes  thin.  They  are  believed  to  be  formed  by  dilatation  of  the 
liver  capillarie»,  with  subsequent  thickening  of  their  walls  and  atrophy 
of  the  adjacent  liver  cells.  By  the  organization  of  clots  within  the  blood 
cavities  these  tumors  may  be  partially  or  entirely  converted  iato  masses 
of  dense  iibrous  tissue. 

Small  fibromata  and  liponuita  have  been  described,  also  flbroneoromsta 
of  the  sympathetic. 

Adenomata  of  the  liver  are  of  not  infrequent  occurrence.  They  are 
sometimes  small  and  circumscrit>ed,  sometimes  verj'  large  and  multiple. 
They  present  two  tolerably  distinct  types  of  structure.  In  one  form  the 
tissue  presents  essentially  the  same  structure  as  normal  liver  tissue,  ex- 
cept that  the  arrangement  of  the  celts  is  less  uniform  and  the  cells  are 
apt  to  be  lai^r.  They  look  like  little  islets  of  liver  tissue,  sometimes 
encapsulated  and  sometimes  not,  lying  in  the  liver  parenchyma.  In  the 
other  form  the  cells  are  less  like  liver  cells,  are  frequently  cylindrical, 
and  are  arranged  in  tbe  form  of  irregular  masses  of  tubular  structures 
with  more  or  less  well-defined  liuniua.  These  tumors  are  sometimes 
large  and  multiple,  and  in  one  case  described  by  Greenfield  there  were 
metastatic  tumors  in  the  lungs.  These  tubular  adenomata  are  in  some 
cases  so  closely  similar  to  some  of  the  carcinomata  as  to  be  scarcely  dis- 
tinguishable from  them,  and  seem,  indeed,  to  merge  into  them.' 

At>errant  nodules  of  adrenal  tissue  have  been  fonnd  in  the  liver  and 
may  be  mistaken  for  adenomata.     Cj'sts  may  develop  in  adenomata.' 

Carcinomata  are  the  most  common  and  important  of  the  liver  tumors, 
and  may  be  primary  and  secondary.  Primary  carcinomata  of  the  liver  are 
probably  de^'eloped  from  the  epithelium  of  the  gall  ducts,  and  in  some 
cases  are  arranged  along  the  lai^er  trunks.  The  cells  are  usually  poly- 
hedral, sometimes  cylindrical,  and  may  be  arranged  irr^ularly  in  alveoli 
or  form  more  or  less  well-defiued  tubular  structures. 

Secondanf  carcinoma  of  the  liver,  which  is  by  far  the  most  common,  is 
usuallydue  to  the  dissemination  in  the  organ  of  tumor  cells  from  carci- 
nomata of  the  stomach,  iutestines,  pancreas,  or  gall  bladder.  But  it 
may  be  the  result  of  metastases  from  the  mamma,  oesophagus,  uterus, 
and  various  other  parts  of  the  body.  In  secondary  carcinoma  the  cells 
resemble  more  or  less  closely  the  type  of  those  forming  the  primary  tumor. 

The  form  iu  which  the  carcinoma  in  the  liver  occurs  varies  consider- 
ably. Sometimes  the  tumors  are  single,  but  more  often  multiple  (Fig. 
370) ;  they  may  be  very  large,  or  so  small  as  to  t>e  scarcely  visible  to  the 
naked  eye ;  very  frequently  numerous  small  nodules  are  grouped  iu  the 
peripherj'  of  a  larger  one.  They  are  sometimes  deeply  embedded  in  the 
liver,  sometimes  they  project  from  the  surface.  The  liver  is  frequently 
and  sometimes  enormously  enlarged.  The  uodules  are  usually  whitish  or 
yellowish  or  pink  in  color  or  bile-stained,  and  they  ai-e  often  the  seat  of 
hsemorrhages,  and  may  become  softened  at  the  centre,  forming  cysts  filled 

' Sokolofhnsd^scTihifd  an  odciio-carciDonia of  tliellvcrnlCh  dliatnl  cc]h.  Vircliow's 
Areh.,  Bd.  clxii.,  p.  1.  bibliograpliy  of  allied  tumors.  See  also  IleriMiiHer,  Cbl.  f. 
Path..  Bd.  xiii.,  1802.  p.  705. 

'See  for  cyst  formation  in  tlic  liver  DaiiKhi'ietki  aniX  Jitiiaaiiki,,  Zieglcr's  Beitr.  z, 
path.  Anat.,  Bd.  xvi„  p.  102. 
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with  degeuerated  tumor  tissue  often  mi^ed  with  blood.  The  uodules  nre 
sometimes  hard,  sometimes  soft  aiid  almost  diffluent^  Fatty  degeiieiii- 
tiou  in  the  tumor  is  fi-equent,  and  maybe  recognized  by  yellowish  streaks 
or  patches  on  the  sections.  Owing  to  the  degeneration  and  partial  absorp- 
tion of  the  central  portions  of  the  tumors,  the  nodules  on  the  surface  ot 
the  liver  frequently  present  a  shallow  depression  at  the  centre.  The 
tumors  may  be  sharply  outlined  against  the  adjacent  liver  tissue,  or  may 
merge  imperceptibly  into  it.  They  may  be  so  large  or  numerous  as  to 
occupy  the  greater  part  of  the  enlarged  oigan.  The  neighboring  liver 
cells  may  be  flattened  and  atrophic.  The  tumors  may  press  upon  the 
portal  vein  or  its  branches,  or  upon  the  gall  ducts,  and  thus  seriously 
interfere  with  the  functions  of  the  organ.  Sometimes,  however,  the 
tumors  are  very  large  and  numerous  without  apparent  interference  with 
the  function  of  the  liver.  Melanotic  carcijuymata  sometimes  occur  in  the 
liver,  most  frequently  as  secondary  tumors. 

In  some  cases,  instead  of  forming  separate,  distinct  nodules,  the  can- 
cerous growth  develops  in  the  form  of  a  diffuse  infiltration  of  the  organ, 
so  that  the  often  greatly  enlarged  liver  is  irregularly  mottled  with  white 
and  reddish-brown  masses,  and  may  then  somewhat  resemble  some  forms 
of  chronic  interstitial  hepatitis. 

Baroomata. — Spindle-celled,  melanotic,  and  telangiectatic  sarcomata 
may  occur  in  the  liver  as  secondary  tumors.'  Secondary  myzamata  and 
ohondromata  have  also  been  described,  but  they  are  veiyrare.  Angiosar- 
coma may  occur  as  a  primary  tumor.' 

Cavemoui  lymphan^omata  have  been  described  in  a  few  cases.  Cyatt, 
usually  of  small  size,  may  be  formed  by  dilatation  of  the  bile  ducts.     They 


FlO.  3T0.-BICONDART  CAKCrSOM*  Of  THK   I.TVEH. 

tiow[i]K  carrinoiiiHtoue  tumura  o(  rartoug  elzea  and  rormg: 
er  tumor  at  Uie  leltts  itortenJiiK  at  tbe 

may  be  multiple  and  contain  serum,  mucus,  and  degenerated  epithelium. 
Single  cysts,  apparently  unconnected  with  the  gall  ducts,  are  occasionally 

*  See  Bektoen  and  fffr rick.  Trans.  Assn.  Am.  Pliys.,  vol.  xlii..  p.  885,  1898. 
'Arnold.  Ziegler's  Bcitr.  z.  pdlli.  Anat.,  Bil.  viii.,  p.  123. 
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found  io  the  couiiective  tissue  of  the  liver.     They  may  be  liued  witli 
ciliated  epithelinm. 

The  liver  is  sometimes  the  seat  of  larger  aud  smaller  mTiltiple  cyits, 
varying  from  microscopical  size  up  to  that  of  a  pea,  and  sometimes  larger. 
They  do  not  appear  to  communicate  with  the  gall  ducts.  They  are  some- 
times associated  with  multiple  cysts  of  the  kiduey.     Their  origin  and 


FLG.  871.  — "FOAJIV   LiVEEt." 

Tbe  liver  !■  rlddlvd  wllb  small  boles  tanned  by  Uie  uxumulaUcHi  of  kbb  developed  by  B.  aeroKenes  (spsula- 
lui—"iitabatU}a^." 

nature  are  uot  understood,  but  they  are  probably  eoiigenital.    A  teratoma 
of  the  li\-er  has  been  described  by  Misick.' 

Occasionally  the  liver  is  found  at  the  autopsy,  even  if  this  be  made 
but  a  few  hours  after  death,  more  or  less  completely  riddled  with  small, 
irregular-shaped  cavities,  from  the  size  of  a  pin's  head  to  that  of  a  pea 
(Fig.  371).  These  holes  are  due  to  the  accumulation  of  gases  in  the  liver, 
formed  by  the  Bacillus  aerogeues  capsulatus.  This  is  the  so-called 
"foamy  liver"  (see  page  268). 

PABASITES. 

EcbinooooouB. — This  parasite  is  the  uiost  common  and  important  of 
those  which  occur  in  the  human  liver.  It  forms  the  so-called  hydatids  of 
the  liver.  These  represent  one  of  the  de\'elopmeiital  stages  of  the  small 
tapeworm  of  the  d<^,  Twnm  ecMnococeus  (see  page  135).  The  cysts  in 
the  liver  may  be  very  small  and  multiple,  but  they  may  be  as  laige  as 
a  man's  head  or  larger.  The  li\'er  may  be  greatly  increased  in  size,  aud 
the  tissue  about  the  cysts  atrophied.  The  liver  itself  furnishes  a  connec- 
tive-tissue capsule,  within  which  is  the  translucent,  lamellated  membrane 
furnished  by  the  parasite.  On  the  inside  of  this  we  may  find  a  layer  of 
cells,  granular  matter,  and  a  vascular  and  muscular  system  belonging  to 
the  parasite.  Projecting  from  this  inner  capsule  are  the  brood  capsules 
and  heads  or  scolices  of  the  immature  tapeworm.  The  scolices  may  be- 
come detached  from  the  wall  and  lie  free  in  the  cavity,  which  is  filled 
I  .ViHek,  Jour.  Psih.  and  Bact.,  vol.  v.,  p.  128.  18B8. 
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witli  A  trauspiirent  or  turbid  fluid.  Sot  ■  iufrequeiitly  the  cysts  are 
sterile,  and  are  then  simply  filled  with  clear  or  turbid  fluid ;  or  the  em- 
bryos may  have  died  and  disintegrated,  and  their  detrittis,  including  the 
booklets,  may  be  intermingled  with  the  fluid  contents  of  the  cysts,-  The 
contents  of  the  cysts  may  be  mixed  with  fat,  eholesterin  crystals,  pus, 
bile,  or  blood ;  or  form  a  grumons  mass,  in  which  we  may  or  may  not 
be  able  to  find  the  hooklets  of  the  scolices  or  fragments  of  the  lamellated 
wall.  The  connective  tissue  of  the  walls  of  the  cysts  may  be  greatly 
thickened,  or  they  may  be  calcified. 

In  other  countries  the  lesion  is  much  more  common  and  frequently 
more  formidable  than  in  the  United  States.  The  cysts  reach  an  enor- 
mous size,  the  veins  of  the  liver  may  be  compressed  and  filled  with  thrombi, 
the  bile  ducts  compressed  and  ulcerated.  So  much  of  the  liver  tissue 
may  be  replaced  by  the  hydatids  that  the  patient  may  die  fi-om  this  cause 
alone.     Very  frequently  there  is  local  peritonitis,   and  adhesions  are 


Pre.  are.-ECHiNorocci's  MrLTiuwi'La 

A  8e«tlOD  of  >  nmnll  pirtion  ot  tht^  rrallr  and  Dbmus  )rroi 
w:Mi1a  tbe  i;jMa  In  tbis  rase,  bul  the 

dlugDOIlLs. 

formed  between  the  liver  and  the  surrounding  parts.  In  some  cases  the 
cysts  ruptuie,  and  their  content'^  are  emptied  into  the  peritoneal  Civvity, 
the  stomach,  the  intestines,  the  pleural  cavity,  or  the  luug  tissue.  Some- 
times the  cysts  perforate  the  bile  ducts,  the  vena  cava,  or  some  of  the 
branches  of  the  portal  or  hepatic  veins;  or  the  abdominal  wall  is  perfo- 
rated and  a  fistula  formed  between  the  cavity  in  the  liver  and  the  surface. 

Eohinococcni  multilocularis  (see  page  137),  which  is  apparently  an 
abortive  form  of  the  abo\e  sx)ecie8,  is  verj'  rare  in  the  United  States 
(Fig.  372).' 

Distoma  hepaticmn,  D.  lineiise,  D.  lanceolatnm,  nuiy  occur  in  the  gall 
ducts  and  gall  bladder.  D.  sinenae  occui-s  especially  in  the  East,  and  has 
been  found  in  great  numbers  in  the  bodies  of  Chinamen.  D.  htematobinm 
I.  333,  1890;  coQsult  also  monogrepli 
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is  verj-  coiiiuioii  in  Egypt  and  Abyssinia,  occurring  in  tbe  blood-vessels 
of  the  liver. 

Fentaatoma  dentioulatiim  is  the  undeveloped  form  of  Pentastoma 
tfenioides,  a  parasite  which  inhabits  the  nasal  cavity  of  dogs  and  some 
other  animals.  In  the  liver  of  man  it  usually  occurs  in  the  form  of 
small,  rounded,  calcified  cysts.  The  cysts  may  contain  fat,  calcareons 
matter,  and  the  remains  of  the  dead  parasite,  among  which  the  hookletB 
may  be  found. 

Aacaria  liunbricoidea  sometimes  fiuds  its  way  from  the  InteBtinea  into 
the  bile  ducts.  It  may  cause  no  disturbance  here,  but  in  some  cases  the 
worms  have  been  present  in  large  numbers  and  caused  occlusion,  dilata- 
tion, and  ulceration  of  the  biliary  passages,  and  have  led  to  the  forma- 
tion of  abscess  of  the  liver. 

Coccidiom  oviforme,  the  very  comuiou  parasite  in  the  rabbit's  liver, 
has  been  found  a  few  times  iu  the  liver  of  man. 


Perforation  and  rupture  of  the  gall  bladder  may  occur  under  various 
conditions  and  is  usually  followed  by  peritonitis.' 

Catarrhal  Inflammation  most  frequently  Involves  the  lower  portion  of 
the  common  duct  and  the  gall  bladder.  In  the  acute  form  it  usually 
leH^'es  but  few  changes  appreciable  after  death.  An  abnormal  coating 
of  mncus,  and  sometimes  congestion  of  the  blood-vessels,  are  almost  the 
only  post-mortem  lesions.  Owing  to  the  swelling  of  the  mucous  mem- 
bmne  and  the  accumulation  of  mucus  iu  the  lumen,  the  ducts  may  be 
temporarily  occluded,  but  this  occlusion  may  not  be  evident  after  death. 
If,  however,  the  inflammation  becomes  chronic,  the  walls  of  the  bile 
ducts  may  become  thickened  and  their  Itunina  more  or  less  permanently 
obsiructed.  In  consequence  of  this,  dilatation  or  ulceration  of  the  bile 
duets  may  ensue.  Temporary  obstruction  of  the  bile  ducts  may  pro- 
duce marked  pigmentation  of  the  liver,  owing  to  the  accumulation  of 
pigment  granules  iu  tha  liver  cells,  particularly  iu  the  vicinity  of  the 
capsule  of  Glisson,  and  jaundice  of  the  entire  body. 

The  ffotl  bladder  may  be  inflamed  by  itself — cholecysfitis — or  in  connec- 
tion with  inflammation  of  the  biliary  passages.  If  the  disease  is  chronic 
the  wall  of  the  bladder  may  be  thickened ;  polyiwid  growths  may  occur 
in  the  mucosa;  the  duct  may  be  occluded;  dilatation,  ulceration,  the 
formation  of  gall  stones,  calcification,  and  atrophy  may  ensue. 

Inflammation  of  the  stomach  and  duodenum,  hypersemia  and  inflam- 
mation of  the  li\-er,  concretions,  and  parasites  frequently  accompany 
catarrhal  inflammation  of  the  biliary  passages,  but  it  may  occur  without 
these. 

Supporative  and  Croupoiu  Inflammation  of  the  Bile  Ihiota  (Cholangitii) 
' See  ifaehard.  Arch.  gtn.  de  Med.,  t.  iv.,  p.  159,  1900,  bibliographj. 
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and  Qall  Bladder  (CholecygtitiB). — The  walls  of  the  ducts  may  he  covered  or 
iutiltnited  with  a  fibrinous  or  a  purulent  exudate;  tbey  may  ulcerate. 

These  lesions  occur  most  frequently  in  connection  with  obstruction  of 
the  bile  ducts  by  gall  stones  or  otherwise,  and  in  typhoid  and  typhus 
fever,  pytcmia,  and  cholei-a ;  or  they  may  be  <lue  to  the  extension  of 
inflammatory  processes  from  without.  They  also  occur  under  unknown 
conditions. 

In  many  cases  of  inflammation  of  the  gall  ducts,  the  Bacillus  coli 
communis,  in  fewer,  the  pyogenic  streptococcus  and  staphylococcus  are 
apparently  concerned. 

Suppurative  inflammation  may  lead  to  perforations  of  the  ducts  or 
bladder,  with  escape  of  bile  and  peritonitis :  or  fistulous  openings  be- 
tween the  gall  bladder  and  the  duodenum,  colon,  and  stomach,  or  through 


Fig.  373.— 9uF?CRAnTK  Inflammation  oy  the  Gai.l  Dictm  [s  thk  Liver— cholanoitis. 

Tlie  suppurative  foci  are  slmoet  <x«lc«cenl  In  ttie  Infmled  reclon.    This  lesion  n-aa  secoodaT?  lo  euppum- 

Uv(?  iDaatnmalloii  In  tbe  larger  gall  psswires  nllb  Uie  preface  of  gall  Mon«a. 

the  abdominal  wall.  Oi'  the  inflammation  may  extend  to  the  liver  tissue 
and  produce  abscesses.  Under  the  latter  conditions  we  may  find  a  series 
of  small  abscesses  ranged  along  the  walls  of  the  suppurating  gall  ducts 
(Fig.  373),  In  more  advanced  stages  the  abscesses  may  become  large 
and  communicate  with  with  one  another,  so  that  a  considerable  portion 
of  the  liver  may  be  occupied  by  a  series  of  communicating  cavities  with 
ragged  walls,  containing  pns  and  detritus  of  liver  tissue  more  or  less 
tinged  with  bile. 

Such  abscesses  may  become  more  or  less  completely  enclosed  by  con- 
nective-tissue walls.  The  portal  vein  may  also  t>ecome  inflamed,  and 
perforations  may  be  formed  between  it  and  the  bile  ducts.     The  excitants 
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of  these  iiiflanimatorj'  processes  iii  the  gall  ducts  and  gall  bladder  are 
probably  osually  bacteria.  Those  which  have  beeu  most  frequentlj' 
fouud  are  the  "pyogenic  cocci,"  '  the  colon  and  typhoid  bacUli,  and  the 
pneumococciis.  It  should  be  borne  in  mind  that  post-mortem  invasion 
of  the  gall  bladder  and  passages  by  bacteria  may  take  place  early. 

Coiutriction  and  Occlusion  of  the  Bile  Daots. — This  may  be  produced  by 
infiammatiou  of  the  ducts  themselves,  by  new  growths  in  their  walls,  by 
calculi  or  parasites  iu  their  lumiua,  by  changes  in  the  hepatic  tissue  in 
chronic  and  acnte  hepatitis,  by  aneurisms,  or  by  pressure  on  the  duct 
from  without,  as  by  tumors  in  the  head  of  the  pancreas,  etc. 

The  obliteration  of  the  smaller  bile  ducts  produces  no  marked  lesions. 
When  the  ductus  communis  or  the  hepatic  duct  is  obstructed,  the  ducts 
throughout  the  liver  are  frequently  dilated  and  the  liver  tissue  is  bile- 
stained.  The  liver  may  undergo  atrophy  aud  the  whole  body  be  in- 
tensely jaundiced.  When  the  cystic  duct  is  obstructed  the  gall  bladder 
is  dilated. 

Dilatation  of  the  Bile  Dnota  is  usually  produced  by  strictures  iu  the 
ways  just  mentioned,  or  by  calculi.  When  calculi  have  produced  the 
dilatation  this  condition  may  sometimes  continue  after  they  have  fotmd 
their  way  into  the  intestines.  Sometimes,  however,  we  meet  with  very 
mai'ked  dilatation  of  the  bile  ducts  without  being  able  to  make  out  any 
present  or  past  obstraction.  The  dilatation  may  affect  only  the  commou 
and  hepatic  ducts,  or  it  may  extend  to  tlie  smaller  ducts  in  the  liver, 
which  are  then  dilated  uniformly  or  iu  sacculated  forms.  They  may  eon- 
tain  bile,  mucus,  or  calculi.  The  liver  is  at  first  enlarged,  but  may  after- 
ward atrophy.  The  gall-bladder  may  be  dilated  in  conse<iuence  of  obstruc- 
tion of  the  common  or  the  cystic  duct.  In  the  latter  case  it  may  reach  an 
immense  size  and  form  a  large  tumor  in  the  abdominal  cavity.  The 
dilatation  is  generally  uniform,  the  bladder  retaining  its  normal  shape ; 
sometimes,  however,  there  are  diverticula,  which  are  usnallj'  produced 
by  calculi.  If  the  obstruction  to  the  hepatic  duct  is  incomplete  or  mov- 
able the  gall  bladder  may  contain  bile,  and  often  calculi.  If  the  obstruc- 
tion is  complete  the  contained  fluid  may  gradually  lose  its  biliary  char- 
acter and  become  a  serous  or  mucus  fluid  of  a  light-yellow  color — hydrops 
cj/stidia  felleis.  The  walls  of  the  bladder  may  be  of  normal  thickness,  or 
thinned,  or  thickened,  or  calcified.  If  the  obstruction  is  due  to  a  cal- 
culus, this  may  pass  into  the  intestine  and  the  gall  bladder  be  suddenly 
emptied.  Usually  the  bladder  fills  again,  owing  to  its  loss  of  contractile 
power. 

T17U0BS  OF  THE  QAI.!.    BLADDEB    AlTD    LASQEB    GAXL    DUCTS. 

Small  fibromata  ha^'e  beeu  described  in  the  gall  bladder  and  in  the 
common  duct,  but  they  are  very  rare.     The  most  common  tumors  are 

'For  a  study  of  gall-bladder  infcctionsconsuItftMAinp,  Johns  Hopkins  Hosp.  Bui!., 
vol.  X.,  p.  166,  1899,  bibliography.  Also  Gilbert  aaA  Lippmitnn,  CompCes  rend,  de  la 
8oc.  Biol.,  November  8th,  1903,  p.  1189. 
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oaroinomatR.  These  may  be  primary  or  secondaiy,  and  present  the  nsual 
structural  variations.  The  cells  may  be  cylindrical,  or  polyhedral ;  or 
they  may  present  the  characteristics  of  gelatinous  cancer.  Primary  carci- 
Qomata  and  adenocarcinoma  of  the  gall  bladder  and  lai^r  gall  ducts  are 
not  uncommon,  and  are  frequently  associated  with  calculi.'  Not  infre- 
quently the  pancreatic  and  eommou  ducts  are  both  involved,  and  it  is 
difficult  to  say  whether  the  tumor  Is  primary  in  the  head  of  the  pancreas 
or  in  the  gall  duet.     The  bladder  and  ducts  may  also  be  secondarily  in- 


F[o.  3Tl.-&ntN0MA  or  THE  Gall  Ucct. 
Thla  EectlOD  Is  [rom  a  anuUI  lumor  arowlng  wlHiln  one  of  Uie  larger  gall  ducU  In  tbe  llTer. 

volved  in  carcinomata  of  the  stomach,  liver,  and  duodenum.     Adenoma 
of  the  gall  ducts  is  of  occasional  occurrence  (Fig.  374). 

BILIABT  0AX.C1TLI.    (Cbolelitluaaia.) 

These  bodies  are  of  common  oecnrrence.  They  are  found  usually  in 
tlie  gall  bladder,  sometimes  iu  the  hepatic,  cystic,  and  common  ducts ; 
less  frequently  in  the  small  ducts  of  the  liver.  In  the  gall  bladder  from 
1  to  7,800  calculi  have  been  counted.  They  vary  iu  size  from  that  of  a 
pin's  head  to  that  of  a  hen's  egg,  or  they  may  be  lai^er.  Single  gall 
stones  are  usually  spheroidal  or  ovoidal;  when  multiple  they  are  usually 
flattened  at  the  sides  or  faceted  (Fig.  37.'}), 

They  may  be  composed  r 

1,  Principally  of  cholestetin,   and   may  be  of  pure  white  color,   or 
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tiuged  with  various  shades  of  yellow  or  brown  by  bile  pigmeut.     The 
fracturecl  surface  shows  a  radiatlug  crystalliue  structure. 

2.  Of  cholesterin,   bile  pigment,  and  salts  of  calcium  and  magneHum. 


Fio.   BT5.— BILURT  CALCILr. 

Tbe  smallM-  calculi  sbciw  ibe  raceted  cbuncter ;  Ibe  larmr.  cui  acriMs.  abovr  tbe  lunellatlc)!]. 

These  are  usually  dark-colored,  brown,  reddish -black,  or  greeu,  and  may 
be  spheroidal  or  faceted,  smooth  or  rough  on  the  surface;  the  fractured 
surface  is  usually  radiatiug  crystalliue.     This  is  the  most  common  form. 

3.  Principally  of  bile  pigment.  Such  calculi  are  rare,  usually  small, 
very  dark-colored,  and  not  numerous. 

4.  Of  calcium  carbonate.  These  are  rare,  have  a  nodular  surface,  and 
a  clear  crystalline,  not  radiating  fracture. 

Most  calculi  are  formed  around  a  central  mass,  sometimes  called  the 
nucleus,  which  may  consist  of  cholesterin,  bile  pigment,  mucus,  or  epi- 
thelium, or  more  rarely  of  some  foreign  body.  Thus  a  dead  parasite,  a 
needle,  and  fruit  seeds  may  serve  as  nuclei.  The  body  of  the  calculus 
may  be  homogeneous,  or  lamellated,  or  crystalline. 

Biliary  calculi  in  the  gall  bladder  may  produce  no  symptoms  and  be 
discovered  only  after  death.  In  the  hepatic  and  common  ducts  they  may 
obstruct  the  flow  of  bile  and  lead  to  fatal  jaundice ;  or  they  may  pass 
from  time  to  time  into  the  intestine,  producing  biliary  colic.  If  they 
are  imi>acted  in  the  cystic  duct  they  may  lead  to  dilatation  of  the  gall 
bladder.  They  may  get  into  the  duodenum  by  ulceration  through  the 
walls  of  the  ducts  or  gall  bladder,  or  in  the  same  way  into  the  peritone-al 
cavity.  Gall  stones  which  get  into  the  intestinal  cavity  usually  pass  off 
without  doing  any  further  injury,  but  very  large  calculi  may  cause  oc- 
clusion of  the  gut  with  fatal  results.  The  r6Ie  of  microorganisms  in  the 
formation  of  gall  stones  has  been  the  subject  of  significant  studies.' 

"  Consult  Jififpiot.  Arcli.  gen.  de  Mi'Jcciae,  1SB8, 1.  11.,  pp.  12»  and  263:  also  Cuthing, 
Johns  Hnpkins  Ho*;)].  Bull.,  vol.  x..  p.  16B,  18S9;  also  Micczkowski,  MittL.a  d.  Greuz- 
geli.  d.  Med.  u.  Cliir..  Bd,  vi,,  p.  3UT,  1»U0. 
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CHAPTER  IX. 

THE  UKINART  ORGANS. 
The  Kidneys. 

Ualformationa. 


Born  kidneys  maj'  be  absent  in  connection  ivitli  extensive  inal formation  in  fcetuses 
wliicli  are  not  viable. 

Absence  of  one  kiilney  is  not  uncommon,  tlie  Itft  kidney  being  more  frci[uently 
absent  Uian  tbe  riglit.  Tlie  absence  of  the  kidney  may  Ik;  cnmplete,  the  ureter  Ijeing 
also  absent ;  there  may  he  an  irregular  mass  of  niuch-ali'ophiiKl  kidney  tissue  with  con- 
nective tissue  and  fat.  or  tiiefe  may  be  only  a  little  mass  of  connective  tissue  and  fat 
representing  the  kidney,  and  a  ureter  running  down  to  the  bladder.  Tlie  single  kidney 
which  is  present  is  usually  much  enlarged.  It  may  be  in  its  natural  ]K>sitiou  or  dis- 
placed downward.  When  both  kidneys  are  present  ouc  of  tlienC  may  be  much  larger 
tlun  the  other.     One  kidnej'  may  have  two  pelves  or  two  ureters. 


FlO.  an.— HOHSESHOK  KlIlNEV. 

A  frequent  malformation  is  the  so-called  homedioe  kidiieff  (Fig.  876).  The  lower 
ends  of  the  kklneya  are  joined  together  liy  a  conmiissiire.  The  commissure  is  usually 
composed  of  kidney  tissue,  but  sometimes  of  connective  tissue.  The  two  kidneys  may 
be  normal,  csecpt  for  tbe  commissure;  or  their  shape,  tlie  arrangement  of  tlie  vessels 
and  ureters,  and  tbe  position  may  be  unnatural.  The  two  kidneys  may  be  united 
throughout  so  as  to  look  like  a  single  misshapen  kidney  with  two  or  more  pelves  and 
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irregular  blood-vessels.    The  united  kidneys  may  be  hoili  situated  on  one  side  of  Oie 
vertebral  column  or  in  tbe  pelvis. 

The  ftetal  lobulation  of  the  kidney  freitueotly  persists  during  adult  life  (Fig.  3TT). 

OhangAB  in  Poaitioa. 

The  kidneys  may  be  placed  in  an  abnormal  situation,  in  wbirli  tboy  are  eitlier  fixed 
or  movable. 

The  cliaugc  in  position  ia  dtber  lateral  or  downward.  When  displaced  downward 
the  kidney  may  be  over  the  saeruu)  or  liolow  ibis  in  the  cavity  of  llie  pelvis.     The 


Fni.  377.— F<KTAL  Lobitlj 


vessels  also  have  an  irregular  origin  and  distribution.    The  kidney  is  firmly  attached 
in  its  abnonnal  iwaition. 

Movable  or  wandering  kidneys  are  found  in  adult  life  as  a  result  of  tight  lacing,  of 
pregnancy,  of  overexertion,  and  of  unknown  causes.  They  arc  more  common  in 
females  tban  in  males,  and  the  right  kidney  is  most  frequently  involved.  Tlie  blood- 
vessels become  lengtbcued  and  the  atlachmentH  of  the  kidney  longer  and  looser. 


COMPENSATOBT   HTFERTBOFHT   OF   THE   KIBSfBT. 

^yheu  one  kidney  is  iuvoived  in  lesions  which  seriously  iuterfere  with 
its  function  the  other  organ  may  increase  in  functional  capacity  through 
ail  hypertrophy  and  hyperplasia  of  its  gland  cells.  A  similar  alteration 
may  take  place  in  tlie  sound  parts  of  au  organ  partially  compromised  by 
structural  lesions.' 

'  For  a  study  of  Uiis  condition  see  S/Kenloiti,  Virchow's  Arch.,  Bd.  cxlvi.,  p.  267, 
1806,  bibliography. 

Consult  also  for  general  consideration  of  hypertrophy  Tliomii,  "Text-Book  of  Gen- 
eral Pathology."  vol,  i.,  p,  44M,  English  iranalatlou. 
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DI8T1TBBAHCES  OF  0I&01TI.ATI0N. 

Anemia  of  the  kidiiey  occurs  In  general  aiisemia:  it  may  be  associated 
with  various  forms  of  diffuse  nephritis.  Local  antemia  may  be  due  to 
thrombosis  or  embolism. 

Acute  Hypereemia — Acute  CoiifreBtlon. — This  may  occur  in  early  phases 
of  au  acute  iuflammatory  process  or  after  the  iugestiou  of  irritant  poisous. 
Tlie  kidneys  may  be  swollen,  the  vessels  distended,  and  bloody  fluid  ex- 
udes from  the  cut  surfaces.  Thei*  may  be  extravasation  of  red  blood 
cells  from  diapedesis, 

ChTOQic  Hypertemia—Chronic  Con^ation. — This  may  occur  in  connec- 
tion with  a  similar  eouditiou  in  the  other  viscera  when  the  circulation  is 
iui|>cded  through  uncompensated  lesions  of  the  heart  and  luugs,  such  as 
chronic  endocarditis  involving  the  aortic  and  mitral  valves,  cardia*  dila- 
tation, aortic  aneurism,  emphysema,  large  accumulations  of  fluid  in  the 
pleural  cavities;  or  it  may  be  associated  with  obstruction  of  the  renal 
vein  or  inferior  vena  cava  by  thrombosis  or  pressure  from  tumors,  etc, 
The  kidneys  in  this  condition  are,  when  typical,  slightly  or  considerably 
enlai^ed,  increased  in  weight,  hard,  and  dark  red  in  color  with  capsule 
not  iidherent  and  surface  smooth.  The  congestion  is  most  marked  in  the 
Qiipillaries  of  the  glomeruli  which  are  widelj'  dilated,  often  with  thickened 
walls;  in  the  interlobular  veins,  the  vasa  recta,  and  the  stellate  veins  of 
the  cortical  surface. 

The  epithelium  of  the  convoluted  tubules  may  be  swollen ;  or  it  may  be 
much  flattened  so  that  the  lumen  of  the  tubule  is  enlai^ed.  If  the  con- 
gestion persist,  there  is  hyperplasia  of  the  interstitial  tissue  of  the  kidney 
with  degeneration  of  the  epithelium,  the  formation  of  casts,  atrophy  of 
the  tnbules,  etc.    Chronic  congestion  may  lead  to  chronic  diffuse  nephritis, 

EmboUam,  ThrombosiB,  and  Infarction. — If  the  renal  artery  or  one  of  its 
branches  be  plugged  by  an  embolus  or  thrombus,  an  amemic  infarction 
of  the  rpgion  is  the  result.  There  may  t>e  one  or  several  such  infarctions 
which  are  usually  more  or  less  wedge-shaped,  the  apex  directed  inward 
corresponding  to  the  vascular  territory  compromised.  They  are  pale  or 
yellowish,  hard,  and  as  iuflammatory  reiiction  sets  in  may  be  surrounded 
by  a  red  hyperiemic  zone. 

Within  the  limits  of  the  infarction,  necrosis  of  epithelium  or  of  the 
entire  mass  of  involved  tissue  may  take  place  with  such  subsequent 
alterations  as  have  been  already  described  on  page  76. 

The  seat  of  old  and  healed  infarctions  may  be  indicated  by  small 
fibrous  cicatrices,' 

Hiemorrhagic  infarctions  in  the  kidney  are  rare.  Infarctions  may 
become  the  seat  of  gangrene  when  putrefactive  bacteria  gain  access  to 
them ;  or  suppurative  inflammation  with  the  formation  of  abscesses  may 
occur.     Embolism  of  the  renal  artery  may  result  lu  necrosis  of  the  entire 

For  a.  study  of  the  rci^enerattve  capacity  of  tlic  renal  i^pltliclium  In  infarctions  see 
■  " !.,  p.  297. 1896,  bibliography.    Also  Thmvl,  Pcutscli. 


Tli'irfl.  Vircliow^s  Arch..  IW. 

Aroli.  f.  kliD,  Mwl.,  Bii.  Ixxvii.,  1903.' 
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kidney.  Thrombosis  of  the  renal  vein  may  be  induced  by  the  pressure 
of  tumors,  either  on  this  vessel  or  on  the  vena  cava;  or  it  may  occur  Id 
cachectic  couditions, 

ALBUvnnraiA  and  oasts. 

Albnminiiria. — Albuminous  material  or  serum  not  infrequently  passes 
out  of  the  blood-vessels  of  the  kidneys,  either  throug^h  the  glomeruli  or 
the  tnhnles,  and  mingles  with  the  excreted  substauces.  While  this  may 
occasionally  occur  under  couditions  which  cauuot  be  regarded  as  ab- 
normal, it  is  common  in  many  diseases  of  the  kidney  and  is  freqneiit 
without  demonstrable  kidney  lesions  in  fevers,  infections  diseases,  ab- 
normal couditions  of  the  blood,  various  forms  of  poisoning,  disturbances 
of  the  circulatiou,  etc.  Albuminous  material  may  also  be  set  free  by 
abnormal  metabolism  or  disintegration  of  the  renal  epithelium. 

In  albuminuria  with  pronounced  kidney  lesions  there  are  usually 
well-defined  alterations  in  the  capillaries  of  the  tufts  and  in  their  epi- 
thelial investment.  There  may  be  thrombi  in  the  capillaries;  their  walla 
may  be  thickened  the  flat  epithtlium  covering  them  maj  be  swollen  or 
fatty,  or  maj  peel  off  or  it  may  proliferate  In  the  kiduevs  of  cases  of 
pronounced  albuminuria  preserved  in  alcohol  or  other  fixatives  which 
coagulate  albuminous  initenal  this  substance  miy  he  seen  within  Bow- 
man's capsule  or  lu  the  lumina  of  the- tubules  as  hue  or  coarse  granule^ 


^6         "^j? 


FIG.  ITS.— HYALINB  <j 

There  la  alio  detreneniUQn  and  dls1nt«gratlua  at  tbe  epittaell 


Albuminous  material  in  the  tubules  may  form  ca.sts  (see  below)  or  when 
the  couditions  are  favorable  fibrillar  fibrin  may  fonu. 

Caiti. — Albuminous  material  which  under  various  abnormal  condi- 
tions has  escaped  from  the  blood-vessels  in  solution  may  coagulate, 
especially  in  the  lumina  of  the  tubules,  fonning  the  more  or  less  cylin- 
drical or  globular  structui-es  called  oiists.  These  may  be  homogeneous 
iu  structure — hyaline  casts;  or  the  albuminous  material  of  which  they 
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are  formed  may  be  mii^led  with  the  products  of  degeneration  and  disin- 
tegration of  epithelial  cells,  either  from  the  glomeruli  or  from  the  tubules ; 
or  with  red  blood  cells,  or  leucocytes,  or  exfoliated  epithelial  cells.  In 
this  way  granular  casts,  epithelial  casts,  blood  casts,  etc.,  are  formed.  The 
epithelium  of  the  tubules  may  peel  off  in  masses,  forming  cast-like  cell 
structures.  Homogeneous  globules  of  various  sizes  may  be  formed  in 
the  tubular  epitbelinm  which  is  yet  in  place,  and  as  the  cells  degeuerat« 


Jig.  378.— HViLINK  CiBIS  IN  t'BINirKROrS  TVBII.K. 

The  epltbellum  la  flattened  In  Uw  tutmlea  containing  Ibe  caata. 

and  disintegrate,  such  homogeueous  globules  may  collect  in  the  Inmina 
of  the  tubules  (Fig,  378)  or  they  may  fuse  to  form  hyaline  casts  (Fig. 
379).  Homogeneous  casts  giving  the  micro-chemical  characters  of  amy- 
loid are  of  occasional  occurrence  in  the  tubules. 

Casts  and  cell  detritus  may  form  both  in  the  cortical  and  medullary 
tubules  and  may  pass  out  of  the  organ  with  the  urine. 

DEOENEBATION. 

Albmninons  Deg^eneration  (FftrenchsrmatonB  Degeneration — Aoate  Degen- 
eration).—This  form  of  degeneration  is  most  common  in  the  acute  infec- 
tious diseases,  sneh  as  diphtheria,  scarlatina,  measles,  typhoid  fever,  yel- 
low fever,  and  in  many  forms  of  septiciemia  and  tosicmia.  It  usually 
accompanies  similar  lesions  in  other  viscera.  In  moderate  degrees  of 
the  lesion,  the  epithelium,  particularly  of  the  convoluted  tubules,  is 
swollen  and  more  coarsely  grauwlar  than  normal  (Fig.  380).  In  more 
pronounced  lesions  in  addition  to  simple  albuminous  degeneration  the 
epithelium  may  become  more  or  less  tilled  with  minute  fat  droplets,  or 
the  cells  may  disintegrate  and  peel  off,  or  they  may  become  necrotic  and 
the  nuclei  fail  to  stain.  The  cell  body  may  theu  undergo  coagulation  or 
disintegrate. 
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The  gross  appearance  of  the  kidneys  varies  with  the  degree  and  ex- 
tent of  the  degeneration.  The  kidney  may  be  slightly  or  considerably 
enlarged.     On  section  the  cortex  is  usually  thickened  aud  pale  with  ob- 


lellum  poellDtf  oS  and  dlslaugnliiig ;  b, 

literatioii  of  the  normal  cortical  markings.  The  capsule  of  the  kidney 
is  not  abnormally  adherent.  WHien  there  are  other  associated  or  an- 
tecedent lesions  in  the  kidney,  the  gross  appeamnce  of  the  organ  varies. 
Fatty  De^neration. — This  may  occur  in  tho.se  diseases  of  the  blood  or 
circulatory  system  in  which  general  nutrition  suflFers;  in  infectious  dis- 
eases often  associated  with  or  following  albuminous  degeneration;   in 


FlO.  3Sl.— FiTTT  DIOIKIRITION  OF  rat  EPITHELIUU  IN  THE  COVTOLUTKD  TPBCUS  OT  TBI  KlDNIT. 

Tbe  fat  droplets  are  MoIdhI  black  bj  osmic  add. 
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various  ca«hexifB;  in  acute  and  ebrouic  foiins  of  kklDey  disease,  and  in 
poisoiiing  by  phosphorus,  arsenic,  etc. 

The  degeneration  may  l>e  diffuse  and  widespread  or  it  may  occur  iu 
patches.  If  diffuse,  the  cortes  iu  which  it  is  most  marked  is  usually 
more  or  less  thickened,  opaque,  and  yellowish ;  if  iu  patches,  there  are 
opaque  yellow  sti-eaks  or  spots  in  the  cortex.  But  these  appearances  are 
often  obscured  by  various  other  lesions.  If  the  degeueratiou  be  moder- 
ate iu  degree,  there  are  larger  and  smaller  fat  droplets,  usually  most 
abundant  iu  the  basal  portiou  of  the  epithelium  of  the  convoluted  tubules 
(Fig.  381).     Iu  more  marked  degenei-atiou,  the  cells  of  the  convoluted 


1)  Deornfratcon  of  Trrr  c 

tall  capillaries  nor- 

tubules  may  be  filled  with  fat  droplets  and  may  peel  off,  or  they  may 
disintegrate,  setting  the  fat  free  iu  the  lumen  of  the  tubules.  The  de- 
generation may  involve  the  tnft  and  capsule  epithelium  as  well  as  that 
of  the  collecting  tnbes,  and  fat  droplets  may  be  found  free  or  in  cells  in 
the  interstitial  tissue. 

Amyloid  De^neratlon. — This  is  usually  associated  with  amyloid  de- 
generation elsewhere  in  the  body  and  commonly  occui-s  iu  kidneys  which 
are  already  the  seat  of  various  forms  of  chronic  lesion.  Usually  the 
kidney  is  enlarged,  the  sectiou  is  shining  or  translucent,  the  cortex  is 
thick  and  pale,  the  glomeruli  are  often  unusually  jdain.  The  capillaries 
of  the  tufts  {Fig.  382)  and  the  vasa  recta  are  most  often  involved.  If  the 
kiduey  be  otherwise  altered,  the  gross  and  microscopic  appearances  vary. 

Olyci^ii  Degeneration  of  the  epithelimn  may  take  place  iu  diabetes 
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mellitus.     It  is  usually  most  marked  in  the  cells  of  Henle's  loops  (Fig. 
383). 

Calcification  may  occur  iu  chronic  inflammatory  lesions  or  in  old  in- 
farctions; in  the  iutertubular  tissue  of  the  medulla  in  the  aged,  or  in 
casta  iu  the  collecting  tubes. 

HTFLAMMATIOH. 
Oeueral  Oonaldarationa. 
Maa7  of  the  alteratioDS  in  the  kitiiifj-  wliich  ure  conimonly  considered  Inflammatory 
are  in  fact  degenerative,  and  lliese  Uogenerative  clianEea  are  ofttn  so  important  and  so 
conspicuous  iu  tlie  lesions  as  to 
fairly  dominate  tlie  gross  and 
microscopic  appearances.  Tlie 
processes  in  tlie  kidneys  wliicli 
may  be  properly  considered  in- 
Hammatory  arc  cither  exudative 
or  productive,  so  ttiat  the  appar- 
ently complex  series  of  kidaej 
chaiigesivliicharegroupedunder 
the  name  cephritis.  or  Briglit's 
disease,  ai-e  really  phases  of  rtu- 
d'liireorpi'oduetireinjhmmation, 
or  both,  associated  with  degener- 

IVhether  the  kidneys  be 
large  or  small,  white  or  red  or  mottled,  smooth  or  rough ;  whether  the  disease  be  acute 
or  chronic,  it  is  always  these  comparatively  simple  processes,  varying  in  extent,  in 
duration,  in  intensity,  and  in  relative  predominance,  which  are  to  be  taken  into  the  ac- 
count la  the  study  of  inflammation  of  this  organ. 

There  are  perhaps  no  lesions  whose  classiflcation  has  seemed  beset  with  such  diffi- 
culties as  those  of  the  kidneys.  This  is  largely  due  to  a  failure  to  realize  that  the  vari- 
ous pliascs  of  inflammation  and  degeneration  do  not  stand  apart  as  independent  proc- 
esses or  lesions,  but  are  closely  associated  and  often  merge.  It  is  difficult,  perhaps 
impossible,  to  makes  classiflcattun  which  shall  meet  the  requirements  of  the  clinic, 
the  limitations  of  urinary  tests,  aud  at  the  same  lime  accord  with  the  revelations  of  the 
autopsy  and  the  microscope. 

One  of  the  difiiculties  in  framing  a,  classification  of  kidney  lesions  is  that  there  are 
many  and  serious  abnormslities  in  the  function  of  the  kiducy  which  do  not  find  expres- 
sion in  such  structural  changes  as  we  can  at  present  recognize.  Our  knowledge  of  such 
of  the  minute  structural  lesions  in  the  renal  epithelium  as  are  not  manifested  by  altera- 
tions in  the  size  and  form  and  organic  integrity  of  the  cell  is,  in  fact,  very  meagre. 
So  that  the  attempt  to  classify  inflammatory  lesions  of  the  kidney  upon  both  clinical 
and  morphological  data  often  leads  to  conjecture  or  confusion,  frequently  to  both. 
CoDsidering  the  scope  of  this  book  and  our  present  purpose,  it  seems  wiser  to  set  forth 
here  as  concisely  as  possible  the  essential  character  of  the  lesions  in  acute  and  in  chronic 
phases  of  inflammation  and  degeneration  in  the  kidney  based  upon  morphological  rather 
than  upon  clinical  data. 

It  is  convenient  to  divide  the  acute  inflammatory  processes  of  the 
kidneys  into  two  forms,  Suppurative  Xephritie  and  Acute  I>iffvse  H^hritu. 

SUPPUKATIVE   NePHHITIS. 

Suppurative  inflammation  of  the  kidney  may  follow  injury  with  local 
infection.     It  is,  however,  most  often  due  to  the  presence  of  bacteria, 
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commonly  the  py<^uie  cocci,  nbich  have  beeu  brought  through  the 
blood-vessels  from  a  remote  iufective  focus,  as  iu  ulcerative  endocarditis, 
septic  phlebitis,  etc—emboUc  in/eclion.  Or,  on  the  other  hand,  the  bac- 
terial excitant  may  be  transmitted  to  the  kidneys  through  the  urinary 
passages — ascending  infection. 

Traumatic  lesions  of  the  kidney  may  lead  to  suppurative  nephritis 
either  through  direct  infection  of  the  wouud  or  by  the  establishment  of 
local  vulnerability  (see  footnote,  page  163)  to  the  action  of  bacteria  which 
may  later  gain  access  to  the  injured  tissue  through  the  circulation. 
After  infected  wounds  or  injuries  of  the  kidney,  large  abscesses  may 
develop,  or  nearly  the  whole  organ  may  be  converted  into  a  mass  of  pus, 
blood,  and  disintegrated  tissue. 

la  the  embolic  type  of  suppurative  nephritis,  small  abscesses  are  formed 
most  frequently  iu  the  cortex.     Where  bacteria  lodge  and  grow  in  the 


Fio.  884.— scppc HAUTE  Nephritis. 
I>eTeIoped troDi inlectkiD  b;  WB^ot  ttieurlEury  paaages  (so-called  "gurelcal  kidney"). 
tissue  there  is  at  first  circumscribed  hyperiemia  or  hiemorrhage  and 
necrosis,  with  subsequent  gatheriug  of  leucocytes  and  finally  the  disin- 
tegration of  tissue  and  the  formation  of  al)scess.  Such  kidneys  present 
to  the  naked  eye  on  sectiou  small  spots — or  in  the  medulla  streaks — which 
are  red  or  gray  or  yellow,  depending  upon  the  d^ree  of  advancement  of 
the  lesion.  In  such  areas  the  bacteria  may  be  readily  demonstrated, 
sometimes  iu  early  stages  in  dense  masses  in  the  capillaries  and  other 
smaller  vessels,  or  later  scattered  through  the  necrotic  and  disintegrat- 
ing tissue  (Fig.  96,  page  205).  Embolic  abscesses  are  commonly  devel- 
oped iu  both  kidneys  and  by  extensive  coalescence  may  give  rise  to  large 
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There  is  reason  to  believe  that  iu  certain  forms  of  septicaemia 
hacteria  may  secure  a  foothold  in  the  tubules,  oot  aseniboli,  but  through 
excretion. '  In  sucli  cases  the  suppurative  foci  may  be  at  first  limited 
to  the  medulla. 

Awendiug  Iti/edion. — In  suppurative  uephritis  associated  with  a  sim- 
ilar process  in  the  ureter,  bladder,  etc.,  the  medullary  portion  of  the 
kidney  is  usually  earliest  involved  and  then  the  elongated  form  of  the 
suppurative  areas  (Fig.  384)  corresponds  to  the  grouping  of  the  tubules 
iu  this  region.' 

Whatever  the  form  in  which  it  may  manifest  itself,  suppurative  in- 
flammation of  the  kidney  is  commonly  induced  by  someone  or  combi- 
uatiou  of  the  pyogenic  inicro-oi^nisms  which  may  lodge  within  it  under 
favorable  conditious.  Thus  Streptococcrus  pjogenes,  Staphylococcus  py- 
ogenes. Bacillus  coii  coniniuuis,  Bacillus  pyoeyaiieus.  Bacillus  protens : 
the  imeumococcus,  the  typhoid  bacillus,  and  others,  may  be  found  iu  the 
suppurative  foci.  Sometimes,  however,  especially  in  the  more  chrouic 
processes,  micro-orgauisins  are  not  demonstmble. 

AcrTK  IUffvsk  >'ephuitis. 

This  process  may  occur  in  acute  infectious  diseaws;  it  is  especially 

common  in  scarlatina  an<l  not  infrequent  in  diphtheria,  typhoid  fever,  the 

_.  exanthemata,  malaria,  and 

^j^  '^,tf.      "^     ^^«a  -  i"  sppticfemia  due  to  vari- 

,,^  ■(*  =*;^  ^^^   ^  ous  bacterial  excitants, 

/'  fe  ^"^aa-  &  '^^  "^''^  lesions  of  acute  dif- 

ii  <**f'*>ot^-^f '^'^"  '^''-         ^"^  nephritis  vary  greatly 


1^.3  \. 


i>    ^j   'A      i'"(3j,    }   ^.    .-^^.^^  .«    "j,   .        in  extent,  in  degree,  iu  the 
■^  ^,    '^    »_ '^V  ^?p8    ,'      relative  involvement  of  one 
"' ~ ■=■-•_* '^^   gi        or    other   renal   structure, 
■      -  "         as  well   as  with  the  dura- 
tion of  the  process.    In  this 
as  in  other  forms  of  inflam- 
mation of  the  kidney,  de- 
generation is  an  iinportiint  and  often  predominant  factor  in  the  mor- 
phology of  the  lesions. 

■  We  sliall  now  consider  those  lesions  which  in  varying  degrees  are 
characteristic  of  an  early  phiu^e  of  acute  diffuse  nephritis,  such  as  fre- 
(juently  occui-s  in  the  coui-se  of  the  acute  infections  diseases.  \\'hile 
changes  in  the  different  structural  components  of  the  kidney  may  occur 
siniultaneously  and  are  intiujately  related  to  each  other,  we  shall  study 
first  the  lesions  of  the  glomeruH,  second  those  of  the  Uibnles,  third  those 
of  the  iiilcrnliliaJ  tissue  and  its  ^'essels. 

The  Glomeruli. — One  of  the  early  alterations  iu  the  tufts  of  the  glom- 

I  For  study  of  excretion  of  bnrttria  by  kklupv  see  AkcIi.  CIjI.  f.  Kr.  d.  Hbih-  u.  Sex.- 

Org.,  Bd.  xiil.,  1902,  pp.  249umlS24.     Also  refi-i 

For  study  of  elimiuaiiou  of  pignitut  bv  kiduc 

Novptntier  31st,  1903. 

'  For  fiirtlier  dt^lails  conrcrning  suppurative  nephritis  couscculive  to  similar  proc- 
esses in  ttdjaccut  organs  see  Ijflow. 
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eniH  is  the  swelliug  of  tlie  cells  wbicb  cover  the  capillaries.'  These  cells 
which  in  normal  conditions  are  thin  and  scarcely  visible,  save  by  their 
nuclei,  now  project  from  the  capillary  loops,  sometimes  remaining  closely 
apposed  to  the  capillaiy  walls,  sometimes  assuming  polypoid  slmpes 
(Fig.  385),  sometimes  forming  a  continuous  thick  covering  of  euboidal 
cells  over  the  vessels.  Hie  nuclei  are  lai^r  than  normal  and  mitosis 
may  be  evident.  Similar  changes  occur  in  the  epithelium  between  the 
capillary  loops.  The  capillaries  are  sometimes  distended  and  plugged 
with  cells;  some  of  these  are  leucocytes;  others  ai*  larger  with  large 
nuclei  and  may  be  swollen  endothelium.  Hyaline  thrombi  are  often 
found  in  these  tuft  capillaries.  The  swollen  and  proliferating  tuft  epi- 
tbelia  often  undergo  fatty  degeneration  and  nmy  peel  off  into  the  glom- 
erular space. 

In  some  cases  the  proliferation  and  exfoliation  are  extensive  and 
the  cells  may  collect  in  crescentic  masses  within  Bowman's  capsule, 
crowding  the  tuft  toward 
its  hilus.  The  cells  in  these 
crescentic  masses  may  be 
flattened  from  pressure  and 
in  profile  appear  fusiform 
(Fig.  386).  The  capsular 
epithelium  may  be  swol- 
len or  remain  apparently 
intact  while  there  is  a  large 
cell  accumulation  from  tlie 
tuft;  or  it  may  proliferate 
or  become  fatty  or  peel  off. 
Swelling,  exfoliation,  and 
proliferation  of  theglomer; 
ular  epithelium  in  some  de- 
gree are  of  frequent  occur- 
rence in  acute  nephritis. 
They  are  sometimes  so  pro-  swollen  cells  are  seen  upnn  ibe  capillary  lult  and  lialUK 
,  -    n      -  ,  Buwrnao's  CBpeule.    Poljliednil  aailllBtlenedcellslleln  magst* 

nounced,  especially  in  acute  between  me  oapsule  and  the  tufl ;  me  lalter  baa  been  pressed 
nephritis  following  SCarla-  upon  bj  lUe  celH  »pd  omer  emdale  wltbln  tbe  tapsule. 
tina,  either  with  or  with- 
out extensive  associated  lesions  as  to  have  suggested  a  name  for  one 
phase  of  the  lesion — gl<mienilo  ■nephritis.  There  is  sometimes  a  considera- 
ble accumulation  of  albuminous  exudate  between  the  tuft  and  capsule. 
Such  albuminous  material  in  specimens  fixed  by  alcohol  is  in  the  form  of 
fine  granules  and  may  be  mingled  with  exfoliated  and  often  fatty  epithe- 
lium or  cell  detritus. 

Leucocytes  and  red  blood  i  ells  may  be  present  with  other  exudate 
within  Bowman's  capsule. 

'  For  a  study  of  the  devL-lo. 
ciiaiiges  see  Herring,  Jour.  Patli.  i 
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The  Tubuies. — The  lesions  of  the  tubules  of  the  kidney  in  the  early 
phases  of  a<?ute  uephritis  are  largely  degenerative ;  the  epithelium,  es- 
pecially of  the  convoluted  tubules,  is  swollen  and  coarsely  graunlar  (Fig. 
380),  or  it  may  contain  few  or  many  fat  droplets  (Fig.  381)~-albumiuoua 
and  fatty  degeneration.  The  epithelium  may  become  necrotic  and  may 
disintegrate  or  peel  oif  over  lai-ger  or  smaller  areas.  Thus  the  lumiaa  of 
thetubnles  may  contain  fragments  of  epithelium  or  detritns  mingled  with 
albuminoHs  fluid — serum — red  blood  cells  and  leucocytes,  or  hyaline  or 
other  forms  of  casts  (Fig,  379).  Red  blood  cells  may  be  extravasated 
in  considerable  numbers  and  collect  in  the  tubules  or  pass  on  with  the 


Fia.  38T.-ACCTB  DrfiTBE  Nephbiub. 
SbowlDg  prolUerellnTi  o[  fella  oi 

exudates.  The  casts  and  other  exudates  may  be  present  in  the  cortex  or 
iu  the  collecting  tubes  of  the  kidney. 

The  Interstitial  Tissue. — This  in  early  phases  of  acute  nephritis  may 
be  oedematons  or  it  may  be  more  or  less  infiltrated  with  leucocytes  or 
fibrinous  exudate.  Patches  of  new-formed  small  spheroidal  cells,  or 
larger  cells  with  conspicuous  excentric  nuclei  may  be  present  either  iu 
the  vicinity  of  the  glomeruli  (Fig.  387)  or  near  the  interlobular  veins, 
or  a  general  thickening  of  the  interstitial  tissue  may  occur  even  very 
early  in  some  fonus  of  acute  diffuse  nephritis,  particularly  in  those  fol- 
lowing scarlatina  and  diphtheria. 

We  ha^e  thus  seen  that  iu  the  early  phases  of  an  acute  iuflammation 
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of  the  kidneys,  sncli  as  may  ocoiir  independently  or  in  connection  with 
acute  infective  pi-ocesses  elsewhere,  there  is  an  involvement  of  all  the 
structural  units  of  the  organ,  the 
gloiueruli,  the  tubular  epithelium, 
and  the  interstitiitl  tissue.  Such 
a  process  Involving  the  various 
kinds  of  tissue  is  called  diffuse, ' 
and  the  process  is  therefore  desig- 
nated Acute  IHffuse  Nephritis. 

■\VUile  both  kidneys  are  in- 
volved in  acute  diffuse  nephritis, 
the  lesions  in  each  are  by  no 
means  uniform  either  in  extent  or 
advancement  and  are  often  patchy 
or  irregular  in  distribution.  ^"'-  a^^-ActTE  difcim  NKi-iiRiTrB. 

VariftHAnB     in      Ttob     in    Apntn       Showing  pub  celta  »nd  gisndular  exud»le  In  the  In- 
varianons     in      lype     m    ACUU    bul**,  wl[hllatl*nln(r..tU„!  epithelium;  also  muderale 

DiffiiBe  Nephritis. — There  are  many  uedema  or  ihe  iDu^miiim  uaaue-eiudutKe  mw' 
variatioua  in  the  type  of  the  le- 
sions in  acute  diffuse  nephritis,  some  of  wbicli  seem  to  be  directly  de- 
pendent upon  the  character  of  the  excitant,  while  in  others  the  varia- 
tions cannot  as  yet  be  associated  with  known  determining  conditions. 

If  one  guanl  himself  against  the  notion  of  distinct  species  in  the  le- 
sions it  is  convenient  bo  recognize  certain  structural  variants  or  types. 
Thus  the  changes  in  the  glomerular  capillaries  and  epithelium  may, 
as  above  Indicated,  be  prominent^ — glomendar  type — (so-called  ^?omtf«ito- 
nephritit)  (Figs,  386  and  387);  the  d^enerative  process  in  the  tubular 
epithelium  may  be  extreme — parenchymatous  or  degeneraiii>e  type;  there 
may  with  other  lesions  be  considerable  liiemorrbage  into  the  glomeruli 
tubules  and  interstitial  tissue — hcemorrhagietype.  With  or  without  marked 
structural  involvement  of  the  parenchyma  and  interstitial  tissue  thei-e 
may  be  an  exudative  inflammation  in  which  serum  and  leucocytes  (Fig. 
38H)  and  more  or  less  red  blood  cells  may  gather  in  the  glomeruli  or  tu- 
bules and  with  various  forms  of  costs  pass  off  in  the  urine.  This,  which 
is  common,  has  been  called  by  Delafieid  the  exudative  type  of  acute  diffuse 
ne]»hritis.  Finally,  with  any  one  or  more  of  the  above  types  of  lesion 
there  may  be  early  and  significant  involvement  of  interstitial  tissue  of 
the  kidney,  so  that  new  and  often  very  cellular  ti.ssue,  eitlier  in  small 
patches  or  through  a  lai^  portion  of  the  oi^ns,  may  lead  to  tubular 
atrophy  and  toserionsandpermanentstructural  alterations.  This,  which 
hiis  been  called  by  Delafield  the  productive  type,  by  others  the  interstitial 
type  of  acute  diffuse  nephritis  (Figs.  387  and  389),  is  most  frequent  as  a 
complication  of  scarlatina;  it  may  follow  diphtheria,  or  puerperal  infec- 
tions, and  may  occur  as  an  apparently  independent  process.' 

'  It  should  be  understoml  tlint  tin?  word  "  dilTiiae  "  is  not  used  fn  the  sense  of  nlde- 
Epread  or  ualform,  but  as  iudicatiug  iDvolvement  of  the  various  structural  units  of  the 

'Consult  for  aa  interesting  study  of  "acute  interstitial  nephritis,"  Ctnineilmna, 
Jour.  Exp.  Med.,  vol.  iii.,  p.  8^,  1898.  Councilman  regards  the  new  cells  in  the  Inler- 
Btitial  tissue  as  largely  "  plasma  cells  "  derived  from  lymphoid  cells  of  tlie  blood. 
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Between  these  types  of  lesion,  lai^ly  haaed,  as  will  be  seen,  npon  the 
relative  involvement  of  the  structural  units  of  the  kidney,  are  many  in- 
termediate forma  which  the  scope  of  this  book  does  not  permit  us  to 
consider. 

Kidneys  which  are  the  seat  of  acute  diffuse  nephritis  sometimes  ap- 
pear almost  normal  on  gross  in8i)ectiou.     But  in  more  typical  forms  they 


Fia.  889.— ACUTE  niircaE  Nephritis. 

A  Tertlcal  sectloD  ol  IIwconei.Blion'ldKUie  wedne-aliaped  growtb  o[  connective  tleaue  wltb  atrnpby  ol 
Ibe  BlomeniU  ftnd  lubuCea  In  the  rafrton  esptclBlLj  Involved,  which  Is  Uie  lerrltDrj'  o(  one  ol  Uie  Inlertoliulai 
HtMteB.    Tbli  Is  acuM  aepbriai  ot  [be  producclve  type. 

are  slightly  or  considerably  enlarged,  the  capsule  is  free,  the  cortex  ia 
thickened,  and  either  reddened  or  pale  or  mottled  red  and  gray.  'When 
the  interstitial  ti.ssue  is  (edematous  the  cortex  may  appear  translucent. 
The  glomeruli  may  be  red  or  pale  and  conspicuous  or  normal  in  appear- 
ance. The  pyramiits  may  seem  untisually  red  by  contrast  with  the 
thickened  pale  cortex.  lu  hjemorrhagic  forma  of  acute  nephritis  in 
■which  blood  may  collect  in  the  glomeruli  in  tlie  interstitial  tissue  and  in 
the  tubules,  the  cortex  may  be  mottled  with  red. 

In  many  forms  of  acute  diffuse  nephritis,  particularly  if  the  inter- 
stitial tisane  be  not  considerably  involved,  resolution  may  take  place. 

The  Excitant!  of  Acate  Difitete  Nephritia. — In  many  cases  of  acute  dif- 
fuse nephritis,  the  process  seems  to  be  due  to  toxic  substances  which  are 
formed  under  the  influence  of  micro-organisms  in  other  parts  of  the  body 
aud  presumably  excreted  by  the  kidney  with  whose  cells  they  come  into 
intimate  contact  or  in  whose  metabolism  they  may  share.     Acute  nephritis 
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is  also  induced  by  variotis  ext^euous  poisons,  snch  as  corrosive  subli- 
mate, carbolic  acid,  caiitharides,  aud  many  others;  it  may  occur  with 
extensive  lesions  of  the  skin  and  after  exposure  to  cold.  In  the  acute 
iiephritis  following  extensive  bums,  exposure  to  cold,  etc.,  it  is  probable 
that  the  poisonous  products  of  abnormal  body-cell  metabolism  are  the 
direct  excitanta. 

Bacteria  may  be  eliminated  from  the  body  through  the  kidney  some- 
times without  ludnciug  lesions  which  are  demonstrable  with  our  present 
technique.'  The  following  bacteria  have  been  found  by  numerous  ob- 
servers in  the  kidney  and  in  the  urine,  in  acute  diffuse  nephritis:  the 
typhoid  bacillus,  pneumococcus,  streptococcus  and  staphylococcus,  the 
colon  bacillus,  and  others.  The  Plasmodium  malarite  may  be  present  in 
the  kidney  in  lai^e  numt)er8.'  To  what  extent  the  kidney  lesions  are  due 
to  the  presence  of  these  organisms  themselves  aud  to  what  extent  to  elimi- 
nated toxins  is  not  yet  clear. 

F«nii«teiit  and  Advuicinff  Lesiona  following  Acute  DiffiuM  HaphritU. 

If  wc  follow  the  alterations  which  the  kidney  in  acut«  diftuBe  Dcphritis  may  un- 
dergo, if  resolution  do  not  occur,  but  the  process  continues,  we  find  that  Im  each  of  ttie 


Fig.  890.— DifFTBE  KKPHIUTI3. 

BIwirlnit  in  BdvanclnRleslnn  (ollowliurananne  tnw.    Knle  the  [oraifltlon  or  ■  |»t*h  of  denae  flbnna  Ua- 
sui!,  with  Ihlckenlng  ot  liie  wttllB  ot  ilie  Bloniemli  aod  Blrophy  ofllie  tubules. 

three  slructiiral  units  of  the  kjilney,  the  glomeruli,  the  tuhiiles,  and  the  interstitial  tissue 
with  the  blood-vessels,  important  cliangcs  take  place  which  often  lead  to  slight  or  to 

"SeeJiVrfi  fintt  A>i"«.  Arch.  f.  Exp.  Path.  u.  Phar.,  Bd.  xxxvii.,  p.  1.  1898.  bibli- 
ography; also  T.  Kterki.  ihul..  Bd.  sxnix.,  p.  173.  1867;  also  Sitimann,  Deut.  Arch,  t 
kiln,  lied,,  Bd.  liii.,  p.  82.1.  1894.  Sec  also  rcfeieiices  papes  183  and  634. 

•  For  a  study  of  malarial  nephritis,  see  Thayer,  Am.  .lour.  Med.  Sciences,  vol.  cxvi., 
p.  560,  1698. 

See  tor  the  study  of  a  case  of  acute  malarial  nephritis  with  large  numbers  of  parap 
sites  in  the  kidney,  Eiring,  Trans  Assn.  Am.  Phys.,  vol.  xvi.,  1901. 
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marked  deformities  of  the  organ,  and  t<>  aucli  minute  changes  as  are  in  fact  charac' 
teristic  of  what  we  arc  wont  to  call  chronic  diffuse  nephritis. 

The  capillaries  of  the  tufts  may  become  partly  or  wholly  obliteral«d  by  a  gradual 
thickening  of  their  walls  and  an  increase  of  the  coanecttve  tissue  between  them,  while 
at  the  same  time  Bowman's  capsule  is  thickcucd  and  contracts  upon  the  altered  tuft 
(Fig.  890)  with  which  it  may  unite  ao  that  the  glomerulus  may  finally  be  represented 
by  a  small,  dense  spheroidal  mass  of  fibrous  tissue  t^ig'  801)- 

The  interstitial  tissue  of  the  kidney  may  be  increased  In  patches,  most  often  at  first 
near  the  glomeruli  or  along  the  interlobular  veins.    This  tissue  may  at  first  be  quite 
cellular,  resembling  a  collection  of  small  spheroidal  cells  or  larger  polyhedral  cells, 
among  which  new  fibrillar  stnmia  may  develop;  or  there  may  be  a  more  diffuse  In- 
crease of  connective -tissue  cells  and  stroma.     As  this  new-formed  fibrous  tissue  grows 
less  cellular  it  contracts,  the  tubules  which  it  encloses  arc  atrophied,  the  epithelium 
may  undergo  fatty  degeneration  and  peel  off  or  become 
llatlened,  easts  may  be  present  in   the  narrowed   lumen 
and  the  tubules  may  at  last  be  represented  by  a  small 
cluster  of  Battened  cells  wltliout  distinct  tubular  structure, 
-     or  they  may  disappear  altogether  (Fig,  390).    Such  islets 
or  masses  of  new-formed  fibrous  tissue  enclosing  yariously 
altered  and  atrophied  remnants  of  glomendi  and  tubules 
vary  greatly  in  size  and  usually  merge  gradually  Into  less 
alteivd  kidney  tissue.     Wlien  tliey  are  formed  near  the 
surface  of  the  kidney,  the  shrinkage  of  the  fibrous  tissue, 
which  Is  coBtinuous  with  the  inner  layers  of  the  capsule, 
may  draw  the  surface  Inward,  leaving  between  the  irregu- 
lar depressions  the  areas  of  less  altered,  or  otherwise  al- 
Fio.  391.— Atrophied  Glou-      tered,   kidney  tissue   somewhat    projecting   in   irregular 
KBfLts  IS   CHROMc  Nephri-      knobs  Or  granules.     Thus  arise  the  granular  surface  and 
"*  the  adhesion  of  the  capsule  which  are  frequent  in  some 

forms  of  persistent  diffuse  nephritis. 

In  the  parts  of  the  kidney  less  involved,  or  not  at  all 
Involved  in  the  production  of  new  fibrous  tissue,  the  tu- 
bules may  undergo  marked  alterations.  Thus  the  epithelium  may  be  swollen  aud 
coarsely  granular  or  fatty  i  it  may  become  necrotic  so  that  the  nucleus  fails  to  stain ; 
It  may,  when  necrotic  or  degenerated,  peel  off  or  disintegrate  so  that  the  tubules  may 
be  extensively  denuded.  On  the  other  band,  the  epithelium  may  rem^u  in  position 
but  be  much  tliinner  than  normal,  while  the  lumen  is  largely  dilated.  This  may  take 
place  by  the  blocking  of  Clie  tubules  below  by  desquamated  cells  or  by  compression 
of  new-formed  interstitial  tissue.  The  whole  tubule,  not  merely  the  lumen,  maybe  di- 
lated and  irregular  in  shape,  with  well-preserved  or  fatty  or  otherwise  altered  epithe- 
lium-   Casts  of  various  forms  may  be  present. 

Chronic  Diffuse  Nephritis. 

General  Conuderations. — We  have  seeu  that  when  the  inflanimator; 
process  in  the  kidneys,  at  first  a«ute,  is  protracted,  both  the  degenerative 
and  the  productive  lesions  may  become  more  marked  and  extensive. 
Thus  with  a  preponderance  now  of  the  iuterstitial  alterations  and  again 
of  the  degenerative  or  other  changes  in  the  parenchyma,  the  kidneys  lu 
a  condition  of  chronic  diffuse  nephritis  may  pre.seut  a  considerable  va- 
riety iu  gross  as  well  as  microscopical  appearance.  They  are  sometimes 
larger  than  normal,  as  is  often  though  not  always  the  case  when  the  par- 
encLj-ma  is  more  oouspicnoiisly  involved ;  or  smaller,  as  is  usual  when 
the  interstitial  lesions  are  widespread  or  advanced. 
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Althongh  there  is  no  sharp  Hue  of  separation,  either  clinical  or  mor- 
phological, to  be  drawn  between  acute  and  chronic  diffuse  nephritis,  it 
is  convenient  to  group  kidney  lesions  in  this  way  with  the  understanding 
that  many  intermediate  forms  exist',  as  must  be  the  case,  since,  as  we 
have  seen,  acute  nephritis  may  pass  gradually  into  the  chronic  form. 

\Miile  acute  diffuse  nephritis  may  be  followed  by  the  alterations 
which  have  just  been  summarized  and  which  are  characteristic  of  certain 
phases  of  chronic  diffuse  nephritis,  the  latter  process,  it  should  be  remem- 
bered, is  by  no  means  always  or  usually  preceded  by  an  acute  form  of  in- 
flammation. 

In  some  phases  of  chronic  diffuse  nephritis,  although  interstitial 
alteratious  are  present,  the  lesions  of  the  tubules  may  be  the  most  prom- 
inent feature;  thus  albuminous  and  fatty  degeneration,  disintegration, 
flattening  and  peeling  of  the  epithelium,  the  formation  of  casts,  the  dila- 
tation of  the  tubules,  etc.,  may  be  most  conspicuous.  In  another  mor- 
phological group  of  kidneys  in  chronic  diffuse  nephritis,  while  there  are 
many  alterations  iu  the  tubules,  the  most  marked  change  is  the  increase 
in  amount  and  the  subsequent  contraction  of  the  interstitial  fibrous  tissue 
with  atrophy  of  the  tubules  and  glomeruli  and  the  consequent  diminu- 
tion in  size  and  alteration  in  shape  and  consistence  of  the  oi^n.  Be- 
tween these  extremes  of  lesion  there  are  all  iutennediate  forms,  in 
kidneys  which  are  larger  than  normal,  of  normal  size,  or  smaller  than 
normal. 

In  endeavoring  to  classify  or  group  the  lesions  in  chronic  diffuse 
nephritis,  one  encounters  difficulties  similar  to  those  which  beset  a  like 
attempt  in  the  acute  forms  of  renal  inflammation.  But  the  difficulties  are 
enhanced  in  the  former  ease  by  the  fact  that  the  conditions  under  which 
the  lesions  develop  are  far  more  diverse  and  variable  and  at  the  same 
time  are  often  much  more  obscure. 

If  we  leave  out  of  sight  for  the  moment  the  conditions  under  which 
chronic  diffuse  nephritis  may  arise  and  the  direct  excitants  which  with 
more  or  less  certainty  can  be  fixed  upon  as  important  and  confine  our 
attention  to  morphology,  it  is  at  least  convenient  to  place  in  one  group 
as  above  indicated  kidneys  in  which,  while  there  may  be  important 
changes  in  the  glomeruli  and  in  the  interstitial  tissue,  the  most  marked 
lesions  are  in  the  tubular  epitkelium.  This  may  conveniently  be  called  the 
parenekymatmia  or  degeneratwe  type  of  chronic  diffuse  nephritiit. 

On  the  other  baud,  there  is  another  lai^e  and  importaut  class  of  kid- 
ueys  which  are  characterized  morphologically  by  a  relatively  prominent 
increase  in  the  amount  of  interstitial  fibrous  tissue  with  associated  destruc- 
tion by  atrophy  or  otherwise  of  the  tubular  structures.  This  may  be 
called  the  interstitial  type  of  chronic  diffuse  nephritis. 

In  considering  this  in  many  respects  artificial  grouping  of  persistent 
inflaminatory  kidney  lesions,  it  should  be  remembered  that  while  the 
parenchymatous  and  the  interstitial  types  of  lesion  may  originate  as  such 
and  so  i^rsist,  the  lesion  of  the  parenchimatous  type  may,  as  the  disease 
prioresses,  assnme  the  charactera  of  the  interstitial  form. 
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Parenohymatons  Type  of  Chronic  Siffasa  Hepbritli. — This  may  originate 
in  an  acute  diffuse  iiephritis  but  more  frequently  develops  independently 
of  this.  As  in  other  forms  of  diffuse  uephritiB,  *he  tubules,  the  glom- 
eruli, and  the  interstitial  tissue  are  more  or  less  involved.  The  lesions 
are  most  marked  in  the  cortex  (Fig.  392),  and  here  the  epithelium  may 


Fio.  S8E.— Chronic  Divfcbe  Nkfhbitis~pi 

Al  Ibe  left  19  a  band  nf  UHW-torm^  llbnius  llBauo  nlUi  ilroptiT  o(  tubiilea  snd  sweLllnB  aod  pivllfen- 
(Inn  of  Ibfrapsule  rells:  ta  IhecEDtmi  panlonmlie  tubular  epllhellum  la  dialaWffrallair  at  tlie  edtcvs.  while 
at  the  rlgb;  'he  lumlan  o[  (be  tubules  are  dilalifal.  with  nattealuR  ol  the  epItheUum. 

be  swollen  and  coarsely  granular  or  is  often  fatty.  Droplets  of  clear 
fluid  may  form  within  the  epithelium — so-called  "vacuoles."  The  epi- 
thelium may  be  flattened  or  it  may  peel  off  or  disintegrate  and  the  cells 
and  cell  detritus  together  with  leucocytes,  red  blood  cells,  and  casts  may 
collect  in  the  irregular  and  often  widened  lumiua.  The  casts  may  be 
hyaline  or  granular  or  epithelial,  or  they  maybe  covered  with  leueocj-tea 
or  red  blood  cells.  In  the  glomeiuli,  the  tuft  and  capsule  cells  may 
swell  and  proliferate  and  peel  off  (Fig.  393) ;  albuminous  fluid  which  in 
specimens  hardened  in  alcohol  is  represented  by  a  granular  precipitate 
may  be  present  in  the  intracai)sular  space  and  in  the  tubules.  The  in- 
terstitial tissue  may  be  iud'eased  in  amount,  usually  in  circumscribed  re- 
gions, and  here  the  enclosed  tubules  are  atrophied.  Not  infrequently, 
more  or  less  extensive  hfcmorrhages  occur. 

If  the  disease  have  been  of  long  standing  the  new  formed  interstitial 
tissue  may  be  present  In  considerable  amount  with  much  destniction  of 
the  tubules.  The  glomeruli  may  be  compromised  by  the  thickening  of 
Bowman's  eai>sule  and  the  obliteration  of  the  capillivries,  so  that  at  length 
the  tuft  and  capsule  may  fuse  and  the  glomeruli  may  be  represented  by 
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dense  fibroos  nodules  (Fig.  3!*1).  The  growth  of  interstitial  tissue  in 
patches  may,  when  uear  the  surface  of  the  oi^n,  bind  the  capsule  to  the 
kidney  so  that  in  its  removal  small  masses  of  the  parenchyma  may  be 
stripped  off,  leaving  a  rough  surfa«e  ou  which  grayish  depressed  areas, 
corresponding  to  the  interstitial  growth,  are  intermingled  with  more  pro- 
jecting light  or  yellowish  portions,  in  which  albuminous  or  fatty  degen- 
eratiou  of  the  tubular  epithelium  may  be  marked  and  extensive.  Very 
often  the  new  fibrous  tissue  develops  along  the  course  of  the  interlobular 
vessels  so  that  cylindrical  or  narrow,  wedge-shaped  areas  are  affected,  ex- 
teu<ling  inward  from  the  capsule  (Fig.  394).  Amyloid  degeneration  in- 
voh'ing  the  capillary  tufts,  the  vasa  recta,  and  the  larger  arterial  trunk 
is  common. 

Such  kidneys  as  have  just  been  described  pj-esent  varying  gross  ap- 
pearances which  are  dependent  upon  the  character,  extent,  and  distribn- 


FiU.  383.-Chron[C  Dwrutir,  NEPHRITIS. 
Stowlnn  in-elllDB  of  tutt  aad  capsule  eplUiellum  :  flaUenEnir  ot  ihe  tubular  epllhebura  and  «llghl  Inoreaae 

tiou  of  the  lesions.  Some  are  larger  than  normal  with  a  thickened  whit- 
ish or  yellowish  cortex.  These  are  often  called  large  ichite  kidiiei/s.  But 
kidneys  with  essentially  similar  lesions  are  not  always  lai^e,  are  often 
nearly  normal  in  appearance,  or  may  be  smaller  and  with  a  cortex  thinner 
than  normal.     If  hiemorrhage  into  the  tubules  or  interstitial  tissue  be  a 
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marked  feature  of  the  lesion,  the  cortex  may  be  reddish  or  mottled  red 
and  yellow.     Such  are  the  so-called  large  red  kidneys. 

Arterio-sclerosis  and  cardiac  hypertrophy  frequently  accompany  this 
type  of  kidney  lesion. 

InteiBtltial  Type  of  Chronic  Diffuse  Nepliritii. — The  type  of  chronic  dif- 
fuse nephritis  in  v'hich  the  growth  of  interstitial  tissue  is  conspicuous, 
which  may  be  called  the  interstitUd  or  indurative  type,  apparently  some- 
times represents  a  later  phase  of  the  parenchymatous  type ;  or  it  may  re- 
sult from  chronic  congestion,  or  be  associated  with  arterio-sclerosis;  but 
it   appears   to   be  more  fre- 
quently an  independent  proc- 
ess.    As  the  new  interstitial 
tissue   which    is    formed    in 
patches  or  streaks  or  lai^ 
masses  gradually  becomes  less 
cellular,     more     dense,     and 
shrinks,     the     kidneys     are 
usually  smaller  than  normal 
aud,  owing  to  the  uneven  dis- 
tribution of  the  lesion,  rough 
upon  the  surface   when    the 
thickened  and  adherent  cap- 
sule   is    stripped    off.      The 
areas  of  the  cortex  in  which 
the    fibrous    tissue    is    most 
abu  ndant     (Fig.     395 )     are 
grayish  or  translucent  andde- 
pi-essed,  while  the  parenchy- 
ma between,  often  fatty,  pro- 
jects  as    yellowish    rounded 
knobs  or  granules.     This  con- 
dition is  therefore  sometimes 
spokeu  of  as  "granular  atro- 
phy," aud  such  kidneys   are 
often   called    "granular  kid- 
neys "     or    "atrophied    kid- 
neys. "     The  tissue  is  firm  and 
resistant  to  the  knife;  and  on  section  the  cortex  is  seen  to  be  in  general 
thinned,  often  extremely  so,  some  portions  being  much  more  atrophied 
than  others.     Cysts  of  various  sizes  may  be  formed  from  dilatation  and 
coalescence  of  tubules.     The  cortex  is  usually  more  involved  than  the 
medulla.     The  fat  with  which  the  kidney  is  surrounded  is  often  largely 
increased. 

On  microscopical  examination  the  new-formed  interstitial  tissue  is 
sometimes  in  patches  (Fig.  396)  or  streaks  along  the  course  of  the  in- 
terlobular vessels,  with  less  affected  regions  between  them.  In  these 
fibrous  portions  there  may  be  flattening  of  the  epithelium  and  various  de- 


Sbowliw  a  neda«-atiRped  mast  of  Dew-toi 
landliie  [award  (ram  tbe  capiuLe  ot  Ibe  kidj 
la  flnnly  mucheo.  The  tubul(s  wlthlD  ibe 
atnipblvd.  vhUe  Ibetubuli 
eraUve  epllbellal  cbanges. 
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grees  of  atrophy  or  complete  destruction  of  the  epithelium  and  the  tu- 
bules. Between  these  fibrous  regions,  little  altered  tubules  may  be  pres- 
ent or  those  with  granular  and  fatty  degeneration,  exfoliation,  and  dis- 
integration of  the  epithelium.  Various  forms  of  casts  may  be  present  in 
the  tubules;  the  epithelium  may  be  flattened  with  enlargement  of  the 
lumen.  The  glomeruli  are  variously  altered ;  thus  there  may  be  thicken- 
ing of  the  capillary  walls  and  of  Bowman's  capsule  (Fig.  397),  iucrease 
and  exfoliation  of  the  tnft  and  capsular  epithelium,  or  a  more  or  less 
complete  couvei-sion  of  the  glomerulus  into  a  kuob  of  dense  fibrous  tissue. 


F[a.  W&.— Chhonic  DinraE  Nifhrctis- 

Tbe  rapeule  Is  Uilekenvd  and  adheretit.  Mp«rlHll;  to  the  dense  mass  of  fibrous  tlwue  at  the  left  of  ibe 
iection  In  whloh  tbe  lubula  srp  Rnnllr  atroplilrd.  At  (lie  rUbt  the  imivDi'liTint  Is  leu  atropbled,  but  bera 
tbe  lumlna  of  the  tubules  are  dilated,  the  epllhellum  la  degeueratlns  aitd  dalteaed. 

In  advanced  phases  of  the  lesion  the  kidney  may  be  very  .small ;  then 
a  large  part  of  the  tissue  is  involved ;  and  while  tbe  atrophy  is  always 
more  marked  in  some  places  than  in  others,  it  i.s  often  ditQcult  to  find 
any  normal  structural  elements. 

Fibrous  thickening  of  the  walls  of  the  arteries  aud  veins  of  the  kid- 
neys is  usual  in  this  tyi>e  of  chronic  diffuse  nephritis  (Fig.  31*8). 
Amyloid  degeneration  of  the  vessels  is  not  infrequent.  The  he;irt  is 
often  greatly  hypertrophied  aud  general  arteriosclerosis  is  common. 

V&riationB  in  Type  in  Chronic  Siffase  Hephritii. — There  are  many  vari- 
ants in  the  two  types  of  chronic  diffuse  nephritis  which  we  have  briefly 
described.  It  is  possible  to  iudicate  in  a  general  way  morphological 
appearances  which  are  frequently  present  and  more  or  less  character- 
istic of  each  of  the  variants  when  tbe  kidney  lesions  occur  in  connection 
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with  either  gout  or  chronic  visceral  congestion  or  arterio-sclerosis  or 
syphilis.     Bnt  these  variations  in  form  cannot  be  further  considered  here. 


G.  806.— CHROMC  DiKrrse  KKPiinrTLB. 

dd  flbrous  Id  Ijpe,  between  ite  tubula.    The  epilliellun 


The  diverse  appearances  which  the  Itidneys  present  in  chronic  diffuse 
nephritis  are,  aa  we  have  seen,  largely  due  t-o  variations  iu  local  and  gen- 
eral tissue  vulnerability  or  to  the  rapidity  and  to  the  stage  of  develop- 
ment of  the  lesions  as  well  as  to  the  nature  of  the  excitaub-.     But  acute 
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iuflammatory  processes  iiot  iufrequeutly  supervene  in  kidneys  which  are 
the  seat  of  slowly  developed  chronic  processes ;  so  that  lesious  typical  of 
both  acute  and  chronic  nephritis  are  not  infrequently  associated.  Finally 
it  is  evident  that  the  grouping  of  the  kidneys  in  chronic  diffuse  nephritis 
in  accordance  with  the  structural  elements  of  the  organ  most  conspicu- 
ously involved  is  essentially  artificial,  since  this  in  many  cases  is  simply 
an  indication  of  the  period  of  the  disease  at  which  the  patient  died. 

The  Excitant!  of  (9ironic  Diflnse  Nephritis. — The  couditions  under  which 
chronic  diffuse  nephritis  occurs  are  most  dii'erse.     Thus,  judging  from 
the  clinical  history,  it  may  l>e  a  primary  process;  it  may  follow  infec- 
tious diseases  either  with  or  without  a  previous  acute  nephritis;  it  is  not 
infrequently  associated  with  gout  and  syphilis,  with  lead  poisoning,  with 
excessive  use  of  alcohol,  with  arte rio -sclerosis,  with  general  chronic  con- 
gestion   of    the    viscera,    with    chrouic 
suppurative  and  tuberculous  processes, 
and  appears  in  many  cases  to  develop 
under  the  influence  of  dietetic  excesses 
and    protracted    gastro- intestinal  dis- 
orders.     The   nature   of  the  excitants 
under  these  various  conditions  is  most 
obscure.     Although  in  gout,  lead  poison- 
ing, alcoholism,   etc.,  a   fairly  definite 
inciting  toxic  agency  may  be  assumed, 
the  exact  mode  of  action    of  such  ex- 
trinsic  or    intrinsic   [toisous   is  almost 
wholly  unknown.     In  regard  to   other 
excitants  of  chronic   diffuse   nephritis, 
the  prevalent   views  as  to  the   impor- 
tance of  disturt)ed  metabolism   in   the 

body  which  may  lead  to  the  excretion  of  abnormal  harmful  products 
favor  the  conjecture  that  in  many  cases  at  least  both  the  degenei-ative 
and  the  productive  processes  may  be  the  marks  of  a  persistent  auto- 
intoxication. 

The  relationship  between  arterio-sclerosis  and  chronic  kidney  lesions 
is  not  clear.  Nor  is  it  certain,  assuming  the  initial  importance  of  ob- 
structive vascular  lesions,  whether  the  new  formation  of  fibrous  tissue 
should  be  regarded  as  a  primary  producti\-e  inflammation  or  as  replace- 
ment hyperplasia  secondary  to  epithelial  degeneration  and  tubular 
atrophy. 

It  should  be  remembered  that  in  most  cases  the  lesions  of  chronic 
diffuse  nephritis  are  not  independent,  but  are  usually  associated-  with 
tliose  of  other  viscera.  The  significance  of  this  association  varies  greatly. 
While  the  kidney  lesions  may  be  primary  they  are  very  often  secondary 
to  other  visceral  abnormalities,  or  the  whole  series  of  lesions  may  be  de- 
pendent upon  a  common  known  or  unknown  etiological  factor. ' 
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TUBEKCULOUS  NbPHEITIS. 


Miliary  tubercles  may  be  present  iu  the  kidney  iu  general  acute  mili- 
ary tuberculosis  or  in  a  localized  tuberculous  inflammation  wliicli  is  most 
marked  elsewhere.  Benal  tuberculosis  is,  liowever,  most  often  associated 
with  tuberculous  processes  in  other  parts  of  the  genitourinary  tract.     It 


is  not  infrequently  primary  in  the  kidney  and  then  is  often  imilateral.  If 
only  one  kidney  be  involved  the  other  may  become  the  seat  of  chronic 
diffuse  nephritis  with  waxy  degeneration  of  the  walls  of  the  arteries. 
Tuberculous  inflamination  may  occur  in  a  kidney  already  the  seat  of 
chronic  inflammatory  changes. 

The  process  is  apt  to  begin  in  the  mucous  membrane  of  the  peh'is  and 
calyces,  and  extends  from  thence  first  to  the  pyramidal  and  afterward  to 
the  cortical  portion  of  the  kidney.  In  the  mucous  membrane  of  the 
pelvis  and  calyces  there  is  a  growth  of  new  cellular  tissue  studded  with 
tubercle  granula ;  while  the  epithelial  cells  proliferate,  become  deformed, 
and  desquamate.  This  process  is  often  soon  followed  by  cheesy  d^en- 
eration  of  the  iiiflammatory  products.  Similar  changes  occur  in  the 
kidney  which  may  become  extensively  involved  and  lai^ely  destroyed. 
The  portions  of  the  oi^au  which  do  not  share  directly  in  the  tuberculous 
pi-ocess  often  develop  lesions  of  the  interstitial  type  of  chronic  diffuse 
nephritis  or  of  suppuration.  Thus  the  kidney  may  become  hollowed  out 
into  a  series  of  ragged  cavities  with  caseous  aud  disintegrating  walls 
(Fig.  399).  Sometimes  the  process  comes  to  a  standstill,  and  then  the 
caseous  portions  may  be  infiltrated  with  salts  of  lime. ' 

'  Fot  a  study  nf  diffuse  renal  tuberculosis  see  Jlegn.  Vircli.  Arcli.,  Bd.  c\xv.,  p.  48. 
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Syphilitic  Inflammation. 


Giimmata  of  the  kidney  are  of  occasional  occurrence.  A  close  rela- 
tionship between  syphilitic  arteritis  and  atrophied  forms  of  chronic  dif- 
fuse nephritis  seems  probable.' 

SUPPURATIVE  PYELITIS  AND  PTELO-NEFHBITIS. 

Suppurative  Pyelitis  is  often  associated  with  suppuration  of  the  kid- 
ney substance,  more  frequently,  with  a  similar  process  iu  the  bladder  or 
ureters.  But  it  may  occur  by  itself.  It  is  incited  by  the  same  micro- 
organisms as  are  concerned  in  the  induction  of  the  associated  lesions  in 
the  kidney  and  bladder;  in  the  latter  case,  it  is  most  often  the  Bacillus 
coli  communis,  the  Streptococcus  pyogenes,  aud  Staphylococcus  pyogenes. 

The  mucous  membrane  of  the  pelvis  may  l>e  congestetl,  thicker  and 
more  opaque  than  normal,  and  coated  with  pus  or  with  patches  of  fibrin. 
The  presence  of  pelvic  calculi  is  to  be  regarded  as  a  predisposing  rather 
than  as  a  direct  inciting  agent  in  suppurative  pyelitis. 

Suppurative  Uteteritis. — The  conditions  under  which  suppurative  in- 
flammation of  the  ureter  occurs  are  similar,  as  is  the  general  appearance 
of  its  mucous  membrane,  to  those  just  indicated  in  the  pelvis. 


Sbowlug  dllHuUon  ot  ibe  pelvis  and  ralyces. 

Supporative  Fyelo-Nephritis  with  Cystitis. — In  this  association  of  lesions 
of  the  bladder  and  kidneys,  which  is  usually  initiated  by  the  indamma- 
tion  of  the  bladder,  the  affection  of  the  kidneys  is  commonly  bilateral. 
The  suppurative  areas  in  the  kidney  may  be  in  the  form  of  small  ab- 
scesses scattered  through  the  kidneys,  or  in  the  form  of  elongated  whitish 
streaks  or  wedges  between  the  tubules  (see  Fig.  384).  The  purulent  foci 
are  often  surrounded  by  a  red  zone  of  congestion. 

'  For  bibliograptiy  see  Delttmare,  Gaz.  d.  HSpitaux,  May  12tli,  1900. 
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The  kiduey  tissue  in  tlie  vicinity  of  the  abscesses  may  be  necrotic,  the 
outlines  of  the  colls  being  pi'eserved  but  their  nuclei  absent  or  not  re- 
vealed by  the  usual  staining  agents. 

The  infectiA'e  agent  may  traverse  the  ureters  in  passing  from  the 
iuflanied  bladder  to  the  kidneys,  leaving  the  mucous  membrane  of  the 
ureter  inta«t. 

Chronic  Pyelo-Nephritii. — Chronic  cystitis  or  calculi  in  the  pelvis  of 
the  kidneys  may  set  up  a  chronic  iuflammatiou  which  invohes  both  the 
pelvis  and  calyces  and  the  kidney  tissue.  The  mucous  mei^brane  of  the 
pelvis  and  calyces  is  thick- 
ened, the  epithelial  layer 
is  changed,  there  is  a 
growth  of  granulation  tis- 
sue beneath  the  epitheli- 
um, and  there  may  be  little 
polypoid  outgrowths.  The 
sui-face  of  the  mucous 
membrane  is  coated  with 
pus  or  fibrin,  or  the  cavity 
of  the  pelvis  and  calyces 
are  dilated  and  distended 
with  purulent  serum  (Fig. 
400). 

The  kidney  itself  is  the 
seat  of  a  chronic  inter- 
stitial inflammation  with 
the  production  of  new  con- 
nective tissue,  and  some- 
times of  pus,  with  oblitera- 
tion of  the  renal  tubules. 

HTDBONEPHROSIS. 

'  Dilatation  of  the  pelvis 

and  calyces  of  the  kidneys 

may  be  congenital  and  may 
be    associated  with    other 
malformations.      The  pel- 
ves and  calyces  of  both  kidneys,  and  the  ureters,  are  distended  with 
urine ;  the  bladder  may  be  also  distended  and  its  wall  hypertrophied. 
The  nrethm  may  be  closed,  or  no  obstruction  can  be  demonstrated. 

In  adults  hydronephrosis  may  follow  mechanical  obstruction  of  the 
urethra  or  ureters  (Fig.  401),  from  inflammation,  tumors,  or  calculi. 
According  to  the  position  of  the  obstruction,  either  one  or  both  kidneys 
are  involved, 

TJie  pelvis  and  calyces  are  dilated,  sometimes  enormously,  and  filled 
with  urine  alone  or  urine  mixed  with  pus.  The  kidney  tissue  is  flat- 
tened and  thinned  over  the  dislended  cavities.     Its  texture  may  remain 
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unchanged,  or  there  may  be  developed  Buppurative  pyelouephritis  or 
chronic  diffuse  nephritis. 

PEBINEPHBITIO  St^PPUBATION. 

The  loose  connective  tissue  about  the  kidney  may  become  the  seat  of 
suppurative  inflammation.  This  may  follow  mechanical  injury  or  may 
be  secondary  to  suppurative  or  other  iudammatory  processes,  such  as 
caries  of  the  spiue,  empyema,  pelvic  cellulitis,  puerperal  parametritis, 
perityphlitis,  and  suppurative  nephritis.  It  may  be  associated  with 
acute  infectious  diseases  in  children.  The  suppuration  may  extend  back- 
ward through  the  muscles ;  downward  into  the  iliac  fossa,  the  perineum, 
the  bladder,  the  scrotum,  or  the  vagina ;  forward  into  the  peritoneal  cav- 
ity or  the  colon ;  or  upward  through  the  diaphragm. 

The  kidney  itself  may  be  simply  compressed  by  the  abscess  or  be- 
come involved  in  the  suppurative  process. 

CTSTB  IN  THE  KIDHBTS. 

Cysts  ai'e  formed  in  the  kidneys  both  during  iutra-uterine  and  extra- 
at«rine  life. 

Congenital  Cyitio  EidneyB  are  ofteu  striking  objects.  Either  one  or 
both  kidueys  may  be  greatly 
enlarged  and  converted  into  a 
mass  of  cysts  (Fig.  402).  The 
cysts  are  of  various  sizes  and 
are  separated  from  each  other 
by  fibrous  septa  or  compressed 
kidney  tissae.  They  may  con- 
tain a  clear  yellow,  acid  fluid 
holding  in  solntion  the  urinary 
salts;  or  the  flnid  is  turbid  and 
brown,  and  contains  blood, 
uric-acid  crystals,  and  choles- 
teriu.  The  cysts  are  often 
lined  with  a  single  layer  of  flat, 
polygonal  cells.  Some  of  them 
seem  to  be  formed  by  a  dilata- 
tion of  the  tubules  and  of  the 
capsules  of  the  Malpighian 
bodies.  As  causes  for  such 
dilatations  there  may  be  found 
obliteration  of  the  tubes  in  the 
papillse,  and  stenosis  of  the 
pelvis,  ureters,  bladder,  or  ure- 
thra. Other  congenital  mal- 
formations are  often  associated 

with   this.  ^O.  Ma.-CONaiHITAL  cystic  KIDNI*. 

Oolr  very  small  porttom  of  (be  kidney  tlasue  remain. 


CystB  of  the  Kidney  in  the 
41 


doy  Google 


642  THE   USINABY   OBGANtJ. 

Adnlt  may  be  single  and  occur  in  otherwise  uoriual  organs.  There  may 
be  one  or  more  cysts  filled  with  clear  or  brown  serum  or  gelatinons 
material  (Fig.  403).  These  cysts  do  not  appear  to  interfere  with  the 
fnnctiou  of  the  kidueys. 

In  chronic  diffuse  nephritis,  especially  in  the  atrophic  form,  groaps 


rm.  408.— 81S0LI  Cyst  or  the  Kidney. 

of  tubes  may  be  dilated.  Apparently  one  or  more  of  the  larger  tubes 
iu  the  pyramids  is  obstructed,  and  this  causes  dilatation  of  a  correspond- 
ing group  of  tubes.  Such  a  dilatation  may  be  moderate  in  size,  or  it 
may  form  cysts  visible  to  the  naked  eye.  Occasionally  both  kidneys  are 
very  much  enlarged  and  converted  into  a  ma^s  of  cysts  containing  clear 
or  colored  serum  or  gelatinous  ma.terial.  The  nature  of  these  cysts  is 
uncertain ;  they  may  be  congenital.  They  are  sometimes  associated  with 
similar  cysts  in  the  liver. ' 

Small  multiple  cysts  of  the  ureter,  lined  with  flattened  or  cnboidal 
epithelium,  are  of  occasional  oceurreuce,  and  may  be  associated  with  sim- 
ilar cysts  in  the  pelvis  of  the  kidney.  Such  cysts  in  the  ureter  may  be 
pedunculated.' 


'  For  a  study  of  cystic  kiilney  witli  cxtt'iisive  biblingrapLy  see  Rite/tie,  Laboratory 
Reports,  Hoyal  College  of  PhvBicianB,  Edinbur^li,  vol.  iv. 

'For  a  resumii  of  cysts  of  the  ureter  witli  bibliography  Bee  Harris,  Am.  Hed.,May 
8d.  1SU2. 
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BEKAL    OALOirXJ. 


In  tlie  kidneys  of  new-boru  children,  from  the  first  to  the  fonrteeiitli 
day  after  birth,  the  large  tubes  of  the  pyramids  often  contajn  small, 
brownish,  rounded  bodies  composed  of  the  urates  of  ammonium  and  so- 
dium. Similar  masses  may  also  be  present  in  the  calyces  and  pelves. 
In  still-born  children  these  masses  are  usually  absent.  The  carbonate 
and  phosphate  of  lime  may  be  deposited  in  the  tubes  of  the  pyramids,  in 
the  form  of  white  linear  masses,  in  the  kidneys  of  old  persons  and  of 
those  who  have  suffered  from  destructive  diseases  of  the  bones. 

Urate  of  soda  in  the  form  of  acicular  crystals  is  deposited  both  in  the 
tubes  and  stroma  of  the  kidneys  of  gouty  pereoiis. 

Concretions  of  the  arinary  salts  are  ofteu  formed  iu  the  pelves  of  the 
kidneys.  They  may  remain  there  as  rounded  masses,  or  they  may  attain 
a  lai^e  size  and  be  moulded  iuto  the  shape  of  the  pelvis  and  calyces. 
Smaller  calculi  may  pass  into  the  nreter  and  either  become  impacted 
there  or  pass  through  it  into  the  bladder.  The  most  common  form  of 
calculus  is  that  composed  of  uric  acid.  But  they  may  also  be  formed  of 
uric  acid  with  a  shell  of  oxalate  of 
lime,  or  of  oxalate  of  lime  alone,  or 
of  the  phosphates,  or  of  cystin. 

The  most  serious  result  of  the 
presence  of  these  calculi  is  the  oc- 
clusion of  the  ureters  or  the  incite- 
ment of  pyelo -nephritis. 

TUSOBS. 

Small  fibromata,  lipomata,'  myo- 
mata,  and  an^mata  may  occur  in 
the  kidney  and  with  the  exception 
of  the  fibromata  are  most  conunon 
in  tbe  cortical  portion.  Papilloma 
may  fonn  iu  the  mucous  membrane 
of  the  pelvis.    Sarcoma,  myzOBarcomo, 

and  endotheUoma,  often  of  lai^e  size,         „„.  4w.^biiall  adksom*  o»  kidnit. 
may  develop  in  the  kidney.     These  situated  id  ueoarMz. 

tumors  are  frequently  soft  and  vas- 
cular and  are  prone  to  biemorrhage.     Primary  sarcoma  of  tbe  kidney  is 
common  in  children.     Secondary  sarcoma  of  the  kidney  is  not  rare. 

Adenoma  is  of  frequent  occurrence  iu  the  kidneys.  It  usually  origi- 
nates iu  tbe  cortex  and  may  be  invisible  to  the  naked  eye  (Fig.  404), 
in  the  form  of  a  well-defined,  circnmscribed  nodule  (Figs.  405  and  406), 
it  may  invade  tbe  medulla  or  largely  replace  the  kidney.  The  adeno' 
mata  are  usually  light  in  color  save  when  very  vascular  with  hsemor- 

s  Bcitr.  z.  path.  Anat., 
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rhage,  and  they  may  be  separated  from  the  kidney  structure  by  a  fibrous 
capsule.     Such  tumors  are  uot  rare  in  children.' 

There  are  two  principal  varieties  of  these  ttuuors,  the  papillary  and 

the  alveolar,  which  are,  however, 

closely  related. 

1.  I^piUarj/  Adenoma, — ^There 
are  cavities  of  different  sizes,  from 
the  walls  of  which  spring  branch- 
ing tufts  covered  with  cylindrical 
or  cuboidal  epithelium  (Fig.  407 ). 
These  tufts  nearly  fill  the  cavities. 

2,  Alveolar  Adenoma. — There  is 
a  con uective- tissue  framework  en- 
closing small  ronod,  oval,  or tubu- 
lar alveoli,  lined  or  filled  with 
cells  (Fig.  409).  The  cells  are 
usually  large  and  nkay  be  cylindri- 
cal, cuboidal,  or  polyhedral,  and 
may  be  pigmeoted  in  a  manner 
similar  to  the  cells  of  the  adrenaJs. 

Fatty  d^eneration  of  the  epi- 
thelium may  be  excessive  and 
glycogen  may  form  in  the  cells  of 
these  tumors.  The  stroma  may 
be  present  in  considerable  quan- 
tity, the  blood-vessels  may  form 
conspicuous  features,  or  a  cystic 
dist«utiou  of  the  alveoli  may 
occur.  Large  areas  may  become 
necrotic.     They  may  form  metas- 


FIO.  UC— ADBKOKit  or  TBI  KiDHET. 

( Ufperaephmma. ) 
mor  ol  Uw  kidney  ronned  frum  aberraal  adreDBl 


Many  of  these  tumors  appear 
to  have  developed  from  adrenal 
cells  astray  in  the  kidneys,  and 
are  theu  called  hypernephroma  (Figs.  405  and  408). 

The  relationship  between  true  adeuonia  of  the  kidney,  adenomata 
which  appear  to  develop  from  strayed  adrenal  elements,  and  similar 
tumors  which  are  regai-ded  by  some  observers  as  endotheliomata  or  endo- 
thelial sarcomata,  and  certain  forms  of  angio-sarcoma,  is  not  yet  alto- 
gether clear.' 

Priaiary  caroinoma  of  the  kidney  is  rare,  adenoma  being  frequently 
m^taken  for  it.     Secoudaiy  carcinoma  is  not  infrequent. ' 

'  See  Engttkeii.  Ziegler's  Beitr..  Bd.  xxvi.,  p.  820,  1899,  bibliography. 

'For  a  study  of  liypernepliroma  of  the  kidney  see  Kelly,  Pbiln.  Med.  Jour.,  1898, 
TOl.  il.,  pp.  238,  288.  bibl, :  bcc  also  aummary  by  Thomdike  and  Cunningham,  Boslua 
Med.  and  Surg.  Jour.,  December  8d,  1903. 

'For  a  careful  study  of  tumors  and  other  growths  Id  the  kidney  see  Edynatk. 
"Itenal  Growths."  1898,  bibliography;  also  references  to  bibJiograpny.  Butte,  Vtr- 
chow's  Arch.,  Bd.  clvii.,  pp.  840,  877,  1888. 
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Bbowuui  eDcapaulaUoD  ot  Uie  nodules. 


Dijiiiztdb,  Google 


THE   UBINABY   OBGA.N8. 


Fia.   408.— HTrERNEFHROMA. 

Tbe  oelli  OlUBg  Uie  alrcoU  tie  Id  p»n  inuupsraal.  reaembllng  tlnse  at  ui 


Flo.  400.— ADENOMA  or  TBI  KlDNIT. 
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PABASZTBS. 


EohinocoeoTU,  in  its  ordinary  form  of  mother  and  danghter  cyat^  is 
sometimes  found  in  the  kidney.  The  cysts  may  open  into  the  pelvis  of 
the  kidney,  into  the  pleura,  or  through  the  wall  of  the  abdomen. 

CyiticercaB  ceUuloMB  is  of  very  rare  occurrence.  Filaria  Ban^^niiilB  homi- 
nil  is  found  in  the  arteries,  veins,  lymphatics,  and  stroma,  an4  niay 
pass  into  the  urine.  StrougylosgigaB  has  been  found  several  times  in  the 
pelvis  of  the  kidney. 

The  Urinary  Bladder. 

Halformationa. 

Abbence  of  tbe  Bladder  is  of  rare  occurreoce.  The  bladder  may  be  very  sniall, 
tlie  uriDC  passiug  almost  directly  into  tlie  urethra.  Tbe  bladder  may  be  Beparated  Into 
an  upper  aud  a  loner  portion  by  a  circular  conatrlclioQ.  It  may  be  completely  divided 
by  a  verticsl  septum  into  two  lateral  portions.  Diverticula  of  the  nail  of  tbe  bladdet 
are  sometimes  found  in  new-born  children.  Partial  or  complete  closure  of  tbe  neck  ol 
the  bladder  may  occur.  This  may  lead  to  hydroDcpbrosis,  or  the  urine  may  be  dis- 
charged through  tbe  open  uracbua. 

ExBTBOVERSiON  of  the  MaddcT  is  one  of  tbe  most  frequent  malformation  a,  and  may 
occur  in  either  sex.    It  presents  several  varieties: 

1.  The  umbilicus  is  lower  down  than  usual,  the  pubic  bones  are  not  united  at  the 
symphysis,  the  pelvis  Is  wider  aud  slial lower  than  it  should  be.  Between  the  umbilicus 
and  pubes  the  abdominal  wall  is  waDtlng.  In  its  place  is  a  projecting,  ovoid  mass  of 
mucous  membrane.  In  which  may  be  seen  the  openings  of  the  ureters.  The  penis  is 
usually  rudlmeotary:  the  urethra  is  an  open  fissure  (epispadias);  tbe  eliloris  may  be 
separated  into  two  halves.  The  ureters  usually  open  normally :  sometimes  tbeir  open- 
ings are  displaced  or  are  multiple.    They  may  be  dilated. 

2.  There  may  be  n  fissure  in  tbe  abdominal  wall,  filled  up  by  tbe  perfectly  formed 
bladder. 

3.  The  umbilicus  may  be  well  formed,  and  there  is  a  portion  of  abdominal  wall 
between  it  aud  the  exatrophie<l  bladder. 

4.  The  external  genitals  and  urethra  may  be  well  formed,  and  the  symphysis  pubis 
united,  while  only  the  bladder  is  fissured. 

5.  Tbe  genitals,  urethra,  and  symphysis  may  be  well  formed,  the  bladder  closed 
except  at  tbe  upper  part  of  its  anterior  wall.  The  bladder  is  entirely  or  In  part  inverted 
and  pushed  tlirough  the  opening  in  the  abdominal  walL 

The  Ukachus  normally  remains  as  a  verj-  small  canal,  5  to  7  cm.  long,  with 
a  small  opening  Into  the  bladder,  or  entirely  closed  at  that  point.  If  there  is  a  congen- 
ital obstruction  to  the  flow  of  urine  through  the  urethra,  the  uracbus  may  remain  open 
and  tbe  urine  pass  through  it.  Or  the  bladder  may  present,  even  in  the  adult,  a  slender 
distention  reaching  close  to  Ibe  umbilicus  as  tbe  result  of  a  persistent  uracbua. 


Changes  in  Sise  and  Position. 

Dilatation,— This  may  be  gtntral  or  partial,  leading  to  the  formatiDn  of  diver- 
ticula. 

General  dilatation  of  tbe  bladder  is  produced  by  the  accumulation  of  urine  in  con- 
sequence of  some  mechanical  obstacle  to  its  escape,  or  of  paralysis  of  the  muscular 
w^ls  of  the  organ.  The  dilatation  is  usually  uniform  and  may  be  very  great,  bo  that 
the  bladder  may  reach  to  the  umbilicus.    If  the  walls  of  the  bladder  are  paralyzed,  or 
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the  obstruction  occurs  suddenly  or  is  complete,  tlie  wall  of  tbe  bladder  ia  thinned. 
When  an  Incomplete  obstraction  exists  for  some  time  the  walls  of  tbe  bladder  &n:  apt 
to  hypertrophy,  so  that,  although  the  bladder  is  larger  tlian  nonual.  tbe  walls  may  not 
only  be  of  the  usual  thickness,  but  even 
very  much  thicker.  In  the  fcetus  dila- 
tation of  the  bladder  may  reach  such  a 
size  as  to  interfere  witb  delivery. 

The  retained  urine  in  dilal«d  blad- 
ders is  liable  to  decom position,  from 
the  presence  of  bacteria,  and  this  may 
lead  to  inflammation  or  gangrene  of 
the  mucous  membrane. 

Diverticula  of  the  bladder  may 
be  produced  bythepoucbingout  of  cir- 
cumscribed portions  of  the  wall  of  the 
bladder,  the  wall  of  tbe  pouch  contain- 
ing all  tlie  layers  of  tlie  bladder  wall. 
More  frequently,  however,  they  are 
produced  by  a  protrusion  of  tbe  mu- 
cous membrane  between  bypertrophied 
bundles  of  muscle  fibre.  They  may 
l>e  very  small  (Fig.  411),  or  they  may 
be  as  large  as  a  child's  head.  Tbey 
may  communicate  with  the  bladder  by 
a  large  or  small  opening.  The  decom- 
position of  stagnant  urine  in  diverticu- 
la is  apt  to  induce  Inftammation.  Cal- 
culi may  be  formed  in  them  or  may 
slip  into  tbem  from  the  bladder. 

Hypertrophy   ot    tbe     muscular 
coat  of  the  bladder  is  usually  due  to 
mechanical  obstructions  to  tbe  ouiBow 
Fio.  4la-HtrwTMPtiv  OF  TBE  WiLL  OF  tu.  „f  ^^ine,  such  as  stricture  of  the  ure- 

thra,  enlarged  prostate,  calcuh,  new 
growths,  etc.  Tbe  muscular  coat  is 
thickened  uniformly  or  assumes  a  trabeculated  appearance  (Fig,  410).  The  organ  re- 
tains its  normal  capacity,  or  is  dilaled,  or  becomes  smaller.  The  mucous  membrane  is 
frequently  the  scat  of  clironic  or  acute  inflanunation.  Dilatation  of  tbe  ureters  and 
hydronephrosis  frequently  accompany  this  coudition. 

HERN'i.Ai;  of  the  bladder  sometimes  accompany  intestinal  herniie  through  the  ingui- 
nal and  crural  canals  and  the  foramen  ovale.  The  changes  in  position  of  tlie  bladder, 
produced  by  displacements  of  the  vagina  and  uterus,  will  be  mentioned  witb  the 
lesions  of  tliose  organs. 

In  the  female  tbe  base  of  the  bladder  may  press  downward,  cau^ng  protrusion  of 
tiie  vaginal  wall  (mginul  ei/atocele) ;  or  there  may  be  inversion  and  prolapse  of  bladder 
ttirough  the  dilated  urethra. 

WOUlfDS— auPTUBE— PEBTOBATION. 

Penetrating  icoands  of  the  bladder  may  permit  escape  of  urine  into 
the  abdominal  cavity,  or  iuflltration  into  the  eurroundiug  connective 
ti-ssne  or  permanent  fistulffi.  Such  wounds  are  always  serious  and  fre- 
quently fatal,  owing  chiefly  to  the  severe  and  often  gangrenous  inflam- 
mation whicli  decomposing  urine  sete  up  in  the  connective  tissue,  or  to 
the  peritonitis  Induced  by  the  same  cause. 
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Rupture  of  the  bladder  may  be  produced  by  severe  blovs  and  falls 
when  the  bladder  contains  urine.  More  rarely  rupture  takes  place  from 
overdistention.  Death  may  occur  from  rupture  of  the  bladder  with 
escape  of  urine  into  the  peritoneal  cavity,  without  evidences  of  perito- 
nitis. 

Perforations  of  the  bladder  may  be  due  to  ulc«ration  and  gangrene, 
to  abscesses  from  without,  and  to  cancerous  ulceration  from  the  adjoin- 


?ia.  411.— DlTBSTICCLL  OF  THE  BUDDEH. 

ing  organs.  Fractures  of  the  pelvic  bones  may  be  accompanied  by  lacera- 
tion of  the  bladder.  Perforations  of  the  bladder  may  lead  to  the  estab- 
lishment of  fistiilee,  communicating  with  the  rectum,  vagina,  uterus,  or 
opening  externally, 

DISTTIRBANCES  OF  CIBCULATION. 

Hyperemia. — Aside  from  active  hyperiemia  of  the  mucous  membrane 
in  acute  inflammation,  the  bladder  is  not  infreqnently  the  seat  of  chronic 
congestion  from  obstruction  to  the  venous  circulation.  Under  these  con- 
ditions there  maybe  chronic  Ciitarrhal  iudammation,  or  a  marked  dilata- 
tion of  the  veins  (vesical  hiemorrhoids),  which  may  give  rise  to  haemor- 
rhage or  to  obstruction  of  the  opening  of  the  ureters. 

Hsemorrhage. — Extensive  htemon-hagcs  iuto  the  bladder  are  commonly 
due  to  injury  or  to  the  presence  of  calculi  or  tumors.  Small  htemor- 
rhages  into  the  snbstance  of  the  mucous  membrane  may  accompany  in- 
flammation, the  hsemorrhagic  diathesis,  scurvy,  purpura,  smallpox,  etc. 
If  the  hpemorrhage  is  considerable  and  occurs  rapidly  in  an  empty  blad- 
der, a  clot  is  apt  to  form ;  but  when  the  blood  mixes  with  urine  as  it  is 
extravasated  it  more  commonly  remains  liquid  and  is  discharged  as  a 
reddish-brown  fluid. 
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INFIiAHMATIOH.     (Cystitis.) 


Acute  CatarrhaJ  and  Exudative  Cystitis. — This  may  be  iDcit«d  by  the 
presence  of  urine  which  has  decomposed  under  the  iufluence  of  bacteria; 
by  cantharides  or  other  drugs;  by  the  presence  of  foreign  bodies  and 
calculi ;  or  it  may  be  due  to  an  extension  of  gonorrhceal  urethritis  or 
vaginitis;  or  it  may  occur  with  acute  general  infectious  diseases.  The 
mucous  membrane  is  swolleu  and  congested,  although  these  alterations 
may  not  be  very  evident  after  death.  There  may  be  ecchymosis :  tbe 
epithelium  la  granular  and  may  proliferate  and  peel  off.  Leucocytes 
may  infiltrate  the  submiicoaa  and  pass  out  between  the  epithelial  cells 


FIG.  fl2.-ACCTE  CATAMtHlL  CYSTITIS. 

Tbere  are  eitolluloD  at  epltbellum  and  emlgratlop  at  leucocytes  from  Ibe  Bubmuacm. 

(Fig.  412).  Mixed  with  the  urine  there  may  be  shreds  of  mucus,  pnscelU, 
epithelial  cells  of  various  shapes,  usually  more  or  less  swollen  and  granu- 
lar, or  fragments  of  such  cells;  red  blood  cells,  bacteria,  and  various 
urinary  crystals;  abscess  may  form  in  the  mucous  membrane;  or  there 
may  be  phlegmonous  inflammation  in  the  submucosa  and  muscularis  of  the 
bladder  with  formation  of  abscesses.  Thus  perforations  and  fistulse  may 
occur.  Eesolution  may  take  place  after  acute  catarrhal  and  exudative 
cystitis,  but  it  verj'  fretineutly  assumes  a  chronic  character. 

Chronic  Cystitis. — In  this  form  the  mucous  membrane  may  be  swollen, 
succulent,  grayish,  or  moltled  with  spots  of  congestion  or  extravasation, 
and  covered  with  a  layer  of  mucus  and  pus.  Microscopically  the  mem- 
brane may  be  more  or  less  infiltrated  with  pus  cells,  and  pus  may  be 
constantly  produced  and  thrown  off  into  the  urine.  Later  the  mucous 
membrane  may  become  thickened  either  diffusely  or  in  the  form  of  tufts 
or  polypi.  In  some  cases  it  becomes  atrophied.  Owing  to  decompo- 
sition of  the  hemoglobin  in  the  extravasated  blood  the  mucosa  may 
become  pigmented,  brown,  or  slate -colored.  The  mucous  membrane  fre- 
quently becomes  eroded,  especially  on  the  most  elevated  portions,  ox 
deep  ulcerations  may  occur.  The  muscular  coats  may  become  paralyzed 
and  tlie  bladder  dilated ;  or  the  submucosa  or  the  mosculans,  or  both, 
may  become  hypertrophied.  The  mucous  membrane  may  become  en- 
crusted with  urinary  salts. 
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Id  another  class  of  cases  the  inflammatiou  assumes  a  necrotic  charac- 
ter. Larger  aud  smaller  shreds  aud  patches  of  the  mucosa  die,  become 
brown  or  gray  in  color,  loosen  or  peel  off,  and  become  mixed  with  the 
uriue  and  exudations.     The  gangrenous  process  may  extend  to  all  the 


FW,  413.-1 
Tlie  byperpUatlc  eplltaellum  Is  UBtupBreDl : 

coats  of  the  bladder,  so  that  perforation  and  fatal  peritonitis  may  occur. 
The  gangrenous  fonn  of  cystitis  is  more  apt  to  occur  in  paralytics. 

In  still  another  class  of  cases  the  inflammation  is  suppurative.     The 
submucosa,  the  intermuscular  connective  tissue,  and  the  adjacent  parts 


become  infiltrated  with  pus,  either  diffusely  or  in  the  form  of  larger  and 
smaller  abscesses,  which  may  open  externally  or  internally,  forming  deep 
ulcers.  In  all  these  cases  the  inflammation  may  extend  to  the  ureters 
and  kidneys;  it  may  skip  the  ureters  and  involve  the  kidneys. 

The  small  nodules  of  lymphoid  tissue  in  the  mucons  membrane  of 
the  bladder,  especially  near  the  neck,  may  become  enlarged  and  promi- 
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neat  in  cystitis,  and  may  tlien  be  mistaken  for  miliary  tabercles  (nodnlar 
cystitis). 

Hyperplasia  of  tlie  epithelium  of  the  bladder  sometimes  occurs  iu 
chronic  cystitis  and  under  ottier  conditions.  This  may  be  diffuse  or  cir- 
cumscribed and  the  epithelium  may  assume  an  epidermal  character.  Thos 
masses  of  transparent  epidermis- like  cells  may  lie  between  papillary  pro- 
jections of  the  submucosa,  forming  structures  which  resemble  glands  (see 
Fig.  413),  or  layers  of  flattened  epithelium  may  cover  or  peel  from  the 
surface  (see  Fig.  414). 

Crouponi  Cystitis. — In  connection  with  any  of  the  above  lesions  the 
mucous  membrane  of  the  bladder  may  be  covered,  in  patches  or  some- 
times over  a  considerable  portion  of  its  surface,  with  a  layer  of  fibrin, 
either  granular  or  fibrillar,  enclosing  pus  and  epithelial  cells  and  bac- 
teria.    The  mucosa  may  be  infiltrated  with  fibrin. 

This  form  of  inflammation  may  occur  in  connection  with  severe  in- 
fectious diseases— measles,  diphtheria,  scarlatina,  typhoid  fever ;  in  con- 
nection with  similar  inflammation  of  the  external  genitals,  in  puerperal 
fever,  noma,  and  sometimes  in  the  presence  of  foreign  bodies.  It  rarely 
occurs  independently. 

In  the  so-called  emphysematoiu  cystitis,  due  to  the  presence  of  Bacillns 
aerogenes  capsulatus,  larger  and  smaller  gas  blebs  may  be  present  in  the 
mucosa  and  underlying  tissue.' 

The  most  common  micro -oi^nisms  which  act  as  excitants  of  acute 
catarrhal  and  exudative  cystitis  are  Bacillus  coll  communis.  Streptococ- 
cus pyt^enes,  and  Staphylococcus  pyogenes,  the  gonococcus  and  typhoid 
t>acillu3,'  Bacillus  proteus,  aud  Bacillus  aen^enes  capsulatus.  Many 
other  forms  are  of  occasional  occurrence,' 

Tnberoolous  Cystitis. — Tliere  may  at  first  be  miliary  tubercles  formed 
in  the  submucosa.  By  the  coalescence  of  these  and  the  degeneration  of 
tissue  about  them,  ulcers  are  formed,  and  it  is  most  frequently  in  the 
ulcerative  stage  that  the  lesion  is  seen.  The  ulcers,  which  may  be  large 
or  small,  are  usually  most  abundant  at  the  base  of  the  oi^n.  Their 
edges  may  be  cheesy,  and  miliary  tubercles  in  greater  or  smaller  num- 
bers are  usually  found  iu  the  mucosa  about  them.  Not  infrequently 
large  shreds  of  tissue  are  loosened  and  cast  off.  The  mucosa  about  the 
ulcers  is  apt  to  be  infiltrated  with  small  spheroidal  cells.  Tubercle  ba- 
cilli are  present  in  many  of  the  tubercles  and  in  the  edges  and  base  of 
the  ulcers,  and  may  be  found  in  the  urine.  Catarrhal  inflammation  is 
a  very  constant  accompaniment  of  this  lesion.  Tuberculous  cystitis  may 
occur  in  connection  with  tuberculous  inflammation  of  the  lungs,  intes- 
tines, or  of  the  kidney,  uterus,  prostate,  etc. 

'  See  for  bibliography  Kedroieiky,  Centralbl.  f.  Path.,  October  15th,  1898.  p.  817. 
'Spe  C'lrtehmann,  Mnncliener  me<l.  Wochenachr.,  October  16tL,  1900,  bibliography. 
■'Fur  a  study  of  Ijacteria  of  urinary  passages  see  Failin,  Cbl.  f.  d.  Kr.  d.  Ham-  u. 
Sex.-Org.,  Bd.  xiil..  1003,  p.  130,  bibl. 
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Small  nodular  fibromata  may  form  in  the  submucosa. 

Aside  from  the  polypoid  thickenings  of  the  mucosa  occurring  in 
chronic  cystitis,  soft  vascular  pgpillomata  are  of  frequent  occurrence. 
These  tumors  vary  in  size  from  that  of  a  pea  to  that  of  a  pigeon's  egg  or 
larger.  They  consist  of  a  fibrous,  often  very  vascular  stroma,  and  are 
covered  on  the  surface  with  numerous  small,  closely  set,  villous  projec- 


FiO.  415.— Pafiu-oUa  or  the  Bladder. 

tious,  over  which  are  irr^ular  layers  of  elongated  or  cylindrical  cells 
(Fig.  415).  These  tumors  are  very  liable  to  bleed,  are  often  accompanied 
by  \'esical  catarrh,  and  may  be  covered  by  a  precipitate  of  urinary  salts. 
The  epithelium  is  liable  to  peel  oft  from  the  surface  of  the  villi  and  ap- 
pear in  the  urine.     Sarcoma  of  the  bladder  has  been  described. 

Carcinoma.— Carcinoma  of  the  bladder  is  most  frequently  secondary, 
and  is  then  rarely  due  to  metastasis,  but  to  an  extension  of  the  growth 
from  neighboring  parts,  as  the  uterus,  vagina,  or  rectum. 

Primary  carcinoma  of  the  bladder  may  occur: 

1.  As  a  diffuse  scirrhous  infiltration  of  the  entire  wall  of  the  bladder, 
usnally  with  ulcerations  of  its  inner  8urfa<;e. 

2.  As  a  circumscribed  nodule  (Fig.  416)  which  grows  inward  and  out- 
ward, ulcerating  on  its  inner  surface,  and  sometimes  producing  perfora- 
tions. 

3.  As  a  vHJous  or  pap&lomaUms  groicth.  The  tumor  grows  from  one  or 
more  points  of  the  inner  surface  of  the  bladder.  It  is  formed  of  tubular 
follicles  lined  with  cylindrical  epithelium,  while  on  Ite  surface  are  tufts 
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covered  with  cylindrical  epitheliam.     The  new  growth  may  involve  the 
entire  thiekneaa  of  the  wall  of  the  bladder. 

1.  A  few  Gaaes  of  carcinoma  have  been  described  in  which  the  stroma 
contained  a  varying  quantity  of  smooth  muscle  tissue. 


Cysti. — Dermoid  cysfs  of  the  wall  of  the  bladder  have  been  described, 
but  are  rare.  Small  cysts  with  serous  wntents  sometimes  occur  in  the 
mucous  membrane;  a  part,  of  them,  at  least,  are  believed  to  be  due  to 
faulty  embryonal  development. 

PAKASITES,  FOBEIQN  BOBIES,   AND  CALCULI. 

Among  the  auimal  parasites  occasionally  found  in  the  bladder  may 
be  mentioned  Eohinooocciu,  Diitoma  hsematobiiun,  Filaria  sanguinis,  Asoar- 
ides,  and  Oxyniides. 

A  great  variety  of  foreign  bodies  may  be  found  in  the  bladder,  par- 
ticularly in  the  female.  If  their  stay  is  long  they  are  apt  to  become 
encrusted  with  orinary  salts. 

Calculi. 

Vesical  calculi  may  oi.-ciir  singly  or  iu  great  numbers,  and  vary  greatly  Id  ^ze, 
ranging  from  small,  snnd-ljke  particles  up  to  masses  four  or  live  iacheB  in  diameter;  but 
tiie  usmil  range  is  from  the  size  of  a  pea  to  tliatof  a  ben'a  egg,  Tliey  are  usually  oval, 
spberoidai.  or  elongated ;  or.  when  several  are  present,  tliey  are  apt  to  be  faceted.  The 
surface  may  t>e  Bmonth  or  rough.  They  arc  usually  more  or  ie^  distinctly  lamellated, 
and  arc  frequently  fnrmed  around  a  central  body  called  a  nucleus,  which  may  either  be 


Dijiiiztdb,  Google 


THE  UBIIf ABY  OBOANS.  656 

formed  of  urinary  salts  or  some  foreign  body.  Their  most  common  coDstftueDta  are 
photphate»,  urie  acid,  and  irate*,  &□(!  calcium  oialule.  or  various  combinations  of  tliese. 

Ubic-Acid  Calculi. — Tliese  are  tbc  moat  common  of  vcbjcbI  calculi.  In  tbe  form 
of  small  brownish-red,  crystalline  aggregations  they  may  be  passed  as  "gravel."  The 
larger  uric-ftcid  calculi  are  not  commonly  of  very  great  slxe,  are  frequently  finely  nodu- 
lated on  the  surface,  but  may  be  smooth.  The  color  varies  from  light  yellow  to  dark 
reddish  -  brow  n :  they  are  usuaJly  dense  and  lemellat«d. 

Calculi  formed  or  Urates. — Calculi  composed  of  pure  urates  are  rare,  these 
salts  being  more  commonly  combined  with  uric  acid  and  the  phosphates  to  form  the 


Fro.  <17.— Vkbic*l  CiLcnujs. 
SboiTluff  luaellBtLonij  IndlcaUiiR  sucoenive  depoaltlons  of  dUTerent  lexuire  BOd  oompocitfciii. 

complex  calculi.  Sodium  urate,  in  the  form  of  small  spined,  more  or  less  globular 
crystalline  masses,  forms  one  of  the  varieties  of  "gravel." 

Phobphatic  Calcull — Pure  eaJeium-p/io»phate  calculi  are  rarely  found  as  whitish, 
usually  smooth,  and  small  lamellated  concretions. 

Mixed  or  Triple  Pbosphate  calculi  are  common,  and  frequently  attain  large 
size.  These  calculi  arc  sometimes  pure,  but  the  deposit  is  more  frequently  associated 
with  other  salts,  either  as  encrusting  or  intercalated  lamellee.  Triple* phosphate  calculi 
are  usually  rough  on  the  surface,  of  grayish-white  color,  lamellated,  and  frequently 
very  friable  (Fig.  417). 

Calcium-Carbon ATK  Calculi. — Small  gray  or  whit«,  hard,  and  usually  smooth 
calculi  of  pure  calcium  carbonate  occur  rarely.  Calcium  carbonate  is  sometimes  passed 
as  gravel  in  the  form  of  minute  spheroidal  bodies,  either  singly  or  in  clusters. 

Calcium -Oxalate  calculi  (mulberry  calculi)  arc  comparatively  common,  either 
pure  or  in  combination  with  uric  acid  or  tlie  phosphates.  Calcium  oxalate  may  occur 
in  the  form  of  very  small,  hard,  smooth  concretions,  or  as  larger,  heavy,  liard,  finely  or 
coarsely  nodulated  brown  or  blackish  lamellattKl  masses.  The  nucleus  or  some  of  th« 
lamelliE,  or  both,  are  often  composed  of  uric  acid. 

Cystin  Calculi  arc  usually  ovoidal  in  shape,  of  waxy  consistence,  of  clear  or 
brownish  or  greenish -ye  I  low  color,  with  mammillatcd  surface  and  crystalline  fracture, 
Cystin  may  be  associated  in  a  variety  of  ways  with  other  calculi. 

Xantbtn  CALCin.1,  which  are  very  rare,  are  usually  of  moderate  size,  smooth,  of  a 
cinnamon  or  cinnabar-red  color,  lamellated.  and  ova)  or  flattened  in  shape. 
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Solid  masses  of  flbrin  nnd  blood  sometimes  ocL'ur  ia  the  bladder,  aod  may  exist  as 
lodepciident  structures,  or  form  nuclei  for  llie  deposit  of  urinary  suits. 

For  a  detailed  account  of  calculi,  the  conditions  under  which  they  form,  modes  of 
analysis,  etc.,  ne  refer  to  special  works  on  this  subject. 


The  Urethra. 

Kalfonnationa. 

Some  of  the  malformatioDS  of  the  urethra  are  described  with  those  of  the  penlB. 

The  urethra  may  be  iniperyious  or  may  open  at  the  root  of  the  penis.  More  com- 
monly there  Is  partial  obliteration  or  stricture  of  some  part  of  the  canal.  The  eotire 
urethra  may  be  dilated  into  a  sac. 

There  may  be  a  canal  on  the  dorsum  of  the  penis,  formed  by  the  fiision  of  the  sper- 
matic cords,  and  opening  in  the  glans  above  the  urethiB. 

There  may  be  two  or  more  openings  of  the  urethra.  The  canal  may  be  dislocated 
so  as  to  open  in  the  Inguinal  region. 

A  number  of  cases  have  been  reported  in  which  a  valve  In  the  urethra  has  led  to 
hypertrophy  of  the  bladder,  dilatation  of  the  ureters,  and  hydroueplirosis. 

Owing  to  its  narrowness,  greater  length,  and  jieculiar  connections  with  the  internal 
generative  organs,  the  male  urethia  is  much  more  liable  to  disease  than  the  female. 

Ohauges  in  Bize  and  Poaitiou. 

Dilatation  of  the  urethra  niay  be  produced  by  strictures,  or  by  calculi  or  other 
bodies  fixed  in  its  lumen.  The  dilatations  are  fusiform  or  sacculated  in  shape,  and  may 
reach  the  size  of  an  orange  or  be  even  larger. 

Strictubeb  of  the  urethra  are  usually  due  to  infiamraation  of  its  walls. 

The  stricture  may  be  lempamri/,  and  due  to  a  diSuiie  inflammatory  swelling  of  the 
mucous  membrane,  or  by  the  raising  of  the  relaxed  membrane  into  a  fold  or  pocket. 

l^rnuineiit  ttrietures  are  produced  by  structural  changes  In  the  walls  of  the  urethra. 

1.  The  mucous  membrane  and  submucous  tissue  become  thickened  in  intlamiDatiotI 
or  as  the  result  of  injury  and  the  new-formed  fibrous  tissue  which  contracts  and  narrows 
the  canal. 

2.  Ulceration  of  the  mucous  membrane  leaves  cicatricial  tissue,  which  contracts. 
and  also  produces  adhesions  and  bands  of  fibrous  tissue  (Pig.  418). 


E  Mile  umstusi. 
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The  most  frequent  posilioD  of  strictures  is  at  the  juDction  of  the  memtiranoua  and 
spongy  portions  of  the  urethra,  or  close  to  this  point.  They  also  occur  at  the  fossa 
navicularis  and  the  niwitus,  hut  frequently  in  the  prostatic  portion.  There  may  be  one 
stricture  or  several.  The  consequences  of  stricture  are  dilatsUon  of  tlie  urethra,  tho 
bladder,  the  ureters,  and  hyaronephrosls:  luflammation  and  ulceralion  of  the  urethra 
behind  the  stricture,  with  perforation,  infiltration  of  urine,  or  the  formation  of  flstuhe. 

The  urethra  may  also  be  obstructed  by  folds  of  the  mucous  mcinbraDe;  by  muscular 
valves  at  the  neck  of  the  bladder;  by  wounds;  by  polypi  and  swollen  glands;  by  new 
growliis;  by  changes  in  the  prostate  and  perineum;  by  calculi,  mucus,  blood,  and 
echlnoeocci  coming  from  the  bladder;  by  foreign  bodies  introduced  from  -without. 

Prolapse  and  inversion  of  the  mucous  membrane  occur  occasionally  in  young 
girls  and  women.  There  is  a  bluish-red  swelling,  from  the  size  of  a  pea  to  that  of  a 
walnut,  at  the  meatus.  In  the  mnle  iDvagination  of  the  mucous  membrane  of  the  ure- 
thra has  been  seen  after  injuries  of  the  perineum. 


WOirarDS-  BTTFTTmE— PXBFO  AATIOH. 

Wounds  of  the  urethra  are  produced  iu  mstny  ways,  but  most  com- 
monly by  catheters  and  bougies.  The  wounda  may  cicatrize,  or  there 
may  be  infiltration  of  urine  or  the  formation  of  fistulte  or  false  passages. 

Ruptures  of  the  urethra  are  produced  by  severe  contusions  and  by 
fracture  of  the  pelvic  bones.  Extravasations  of  blood  and  urine,  and 
gangrenous  inflammatiou  of  the  surrounding  soft  parts,  are  the  ordinary 
results. 

Ulceration  onA perforation  of  the  urethra  may  lead  to  the  formation 
of  fistulee,  which  open  iu  various  directions  through  the  skin. 


HTFLAMMATION.    (Urathrltia.) 

Catarrhal  Urethritis  may  be  due  to  the  action  of  chemical  irritants,  and 
to  the  extension  to  the  uretlira  of  inflammation  from  other  parts;  but  its 
most  frequent  excitant  is  the  gonococcus.  In  its  acute  form  it  involves 
either  a  portion  or  the  whole  of  the  urethra.  The  mucous  membrane 
is  red,  swollen,  and  covered  with  muco-pus.  The  epithelium  may  tte 
loosened  or  exfoliated ;  pus  cells  are  present  iu  the  submncosa  between 
the  epitlielial  cells.  The  gonococcus  is  present  usually  iu  considerable 
numbers  in  the  exudate,  both  free  and  in  the  pus  cells.  It  may  pene- 
trate between  the  epithelial  cells. 

Eesolution  may  follow  acute  gouorrhoeal  urethritis.  But  the  condi- 
tion may  become  chronic  and  then  is  often  confined  to  the  posterior  por- 
tions of  the  uretlira.  Here  the  gonocxjccus  may  persist  for  a  long  time 
and  may  be  mingled  with  the  exudate,  which  is  now  less  pnrnlent  and 
consists  very  largely  of  mncus  which  in  thread-like  forms  may  be  passed 
with  the  urine. 

Chronic  Inflammation  of  the  urethra  may  exist  for  a  long  time  with 
the  production  of  a  muco-pnrulcnt  exudation,  but  without  thn  occur- 
rence of  marked  structui-al  lesions.  Iu  other  cases  it  leads  to  ulceration, 
to  fibrous  induration  of  the  wall  of  the  canal  (see  Fig,  418),  to  Indura- 
42 
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tion  and  swelling  of  the  mucous  follicles,  to  polypoid  thickeulDgs  of  the 
mocooa  membraue. 

The  iuflamiuation  may  extend  to  the  fibrous  wall  of  the  urethfa,  the 
corpora  spougiosa  aiid  cavernosa.  This  may  result  iu  the  formation  of 
aew  connective  tissue  or  of  abscesses,  especially  near  the  fossa  iiavicu- 
laris.  There  may  be  involvement  of  the  bladder,  the  glands  of  Cowper, 
the  prostate,  the  spermatic  cord,  and  the  testicles.  The  iuguiual  glands 
also  may  be  swollcu  and  inflamed,  and  the  lymphatic  vessels  oo  the 
dorsum  of  the  ]>euis  may  be  invohed  in  the  same  process. 

Cronpona  Inflammation  is  sometimes  seen  in  childreu.  Fibnuous  casts 
of  a  small  or  large  portion  of  the  canal  may  be  formed. 

Taberonlotts  Inflammation  occurs  rarely  in  the  mncons  membrane  of 
the  urethra  in  connection  with  tuberculous  inflammation  of  the  bladder, 
prostate,  or  testicles. 

Syphilitic  Ulcers  may  be  situated  at  the  meatus  or  as  far  back  as  the 
fossa  uavicularis.     They  are  apt  to  produce  strictures. 


TUHOBS. 

Aside  from  the  polypoid  outgrowths  from  the  mucous  membrane  of 
the  urethra  as  the  result  of  chronic  inflammation,  flbroiu  polyps  may  oc- 
cur congenitally,  or  polyps  containing  glandular  structures  or  cysts 
rarely  occur.  Carcinoma  may  occur  as  a  result  of  local  extension  from 
adjacent  organs  or  metastasis  from  the  bladder. 

Cyits  may  occur  in  the  mucous  membrane  as  a  result  of  the  dilatation 
of  the  nmcons  glands.  Circumscribed  masses  of  dilated  veins  occasion- 
ally occur  in  the  urethra,  forming  the  so-called  nrethral  hamorrhoids. 

The  sinus  pocularis  may  be  dilated  iu  childreu  by  the  retention  of  its 
secretion,  so  as  to  form  a  mass  which  may  obstruct  the  exit  of  urine 
and  lead  to  hypertrophy  of  the  bladder  and  dilatation  of  the  Dreters. 
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CHAPTER  X. 

THE  EEPBODUCTIVE  OBQANS  OF  TKE  FEMAIiB. 


Halformations. 

The  external  genitals  may  be  entirely  absent  or  imperfectly  developed.  The 
fissure  between  the  labia  may  be  unformed,  or  the  labia  may  grow  together,  with  or 
without  obstruction  of  the  urethra.  The  clitoris  and  nymphie  may  be  abnormally 
large,  or  the  nymphEC  may  be  increased  in  number.  The  clitoris  may  be  abnormally 
long;  at  the  same  time  the  vagina  is  narrow,  the  uterus  small  and  undeveloped  or 
malformed;  the  ovaries  arc  email,  sometimes  situated  In  the  labia;  the  mamnue  small,  and 
the  body  is  of  a  masculine  character.  Such  cases  ore  sometimes  called  pseudo-hermaph- 
rodites. The  clitoris  may  be  perforated  by  the  urethra  or  may  be  cleft  and  appar- 
ently double. 

The  hymen  is  subject  to  various  anomalies.  It  may  be  entirely  absent.  The  open- 
ing may  be  very  large  or  ia  unusual  places;  there  may  be  several  openings;  the  free 
edge  may  be  beset  with  papillary  projections;  there  may  be  no  opening  at  all 

HiBHOBRHAaS,  HTFERSMIA,  ETC. 

Hsmorrhafffl  may  take  place  from  wouoda  or  nlcers  of  the  vulva,  bnt 
the  most  impor^iit  form  of  hremoirhage  is  that  which  occurs  in  the  coii- 
necflve  tissue  of  the  labia  majora.  This  Diay  occur  during  labor  or  re- 
sult from  externid  injury.  One  of  the  labia  may  be  much  swollen  and 
distended  by  the  extravasated  blood.  The  blood  may  be  gradually  ab- 
sorbed, or  it  may  decompose  with  suppuration  or  gangreue  of  the  sur- 
rounding tissue. 

Varicose  Veins  in  the  labia  are  not  infrequent,  ffidema  of  the  labia 
majora  may  occur  in  pregnancy  or  in  labor.  It  frequently  accompanies 
disturbances  of  the  venous  circulation,  as  in  certain  heart  and  lung  dis- 
eases; or  it  may  occur  in  chronic  diffuse  nephritis  or  other  wasting  dis- 
eases; or  as  a  result  of  thrombosis  or  other  disturbances  of  circulation  in 
the  uterine  or  perivaginal  venous  plexuses.  The  latter  maybe  excessive, 
leading  to  the  transudation  of  fluid  through  the  skin,  to  the  formation  of 
vesicles,  or  superficial  erosion,  or  even  of  gangrene. 

INFI.Ain£ATION.    (VulvltiB.) 

The  skin,  mucous  membrane,  connective  tissue,  and  glands  of  the 
vulva  may  t>e  the  seat  of  infiammation. 

Aonte  Catarrhal  Influomatlon  of  the  mucous  membrane  may  be  in- 
duced by  a  variety  of  substances,  bnt  is  most  frequently  due  to  gonor- 
rhcBal  infection.     Tlie  mucous  membrane  is  swollen  and  red  and  covered 
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with  a  mu CO- purulent  exudate.  The  labia  may  be  swollen,  the  glands 
of  Bartholin  are  liable  to  be  involved,  and  abscesses  of  the  labia  may  be 
developed. 

Chronic  Catarrhal  Inflammation  may  lead  to  superficial  or  deep  uU-em- 
tion  of  the  mucous  membrane,  or  to  papillary  outgrowths,  or  to  thicken- 
ing of  the  labia.  Suppurative  inflammation  of  the  tissue  of  the  labia 
may  occur  with  a  similar  process  in  neighboring  parts.  EryBipelatoni 
Inflammation  of  the  skin  of  the  i-nlva  is  frequent  in  young  children.  lu 
adults  it  is  less  common.  Jnflammatiou  of  the  vulvo-vaginal  gland.s 
may  be  acute  and  lead  to  abscesses,  or  chronic  and  produce  induration 
of  the  gland. 

Gan^ene  may  follow  erysipelatous  iufliimmation,  or  occur  after  par- 
turition ;  it  niiiy  accompany  severe  exhausting  and  infectious  diseases. 
It  may  follow  bruises  or  other  injuries.  In  some  forms,  such  as  Ihost 
known  as  noma  and  hospital  gangrene,  the  destruction  of  tissue  proceeds 
with  extreme  rapidity.' 

Cronponi  Inflammation  may  occur,  with  or  without  diphtheria  and  a 
similar  lesion  of  the  fauces  or  elsewhere,  and  is  frequently  associated 
with  gangrene. 

Tubercnlooi  Inflammation,  nsually  with  ulceration,  occasionally  occurs 
in  the  vulva. 

Syphilitic  Inflammation  and  ulceration  are  of  frequent  occurrence  on 
the  vulva,  particularly  on  the  mucous  surfaces,  and  may  lead  to  consid- 
erable destruction  of  tissue  and  cicatricial  contractions. 

In  one  form,  the  so-cjilled  mucous  patch,  there  is  an  infiltration  of  the 
papillary  layers  of  the  skin  or  mucous  membrane  with  variously  shaped 
cells  and  fluid,  so  that  the  tissue  has  a  gelatinous  appearance.  In  other 
cases  there  is  an  hypertrophy  of  the  papilla,  so  that  larger  and  smaller 
wart-like  excrescences  are  formed.     This  is  called  the  pointed  condytoma. 

TUHOBS. 

Fibroma. — Circumscribed  fibrous  tumors  are  found  in  the  connective 
tissue  of  the  labia,  mens  veneris,  perineum,  clitoris,  and  enti-ance  to  the 
vagina.  They  may  attain  a  lai^e  size,  and,  attached  only  by  a  pedicle, 
may  hang  far  down  between  the  legs.  The  skin  is  usually  movable  over 
the  surf!u;e  of  these  tumors. 

Fibroma  Aiffusum  (elephantiasis). — This  usually  involves  the  clitoris 
or  the  labia,  or  both,  and  may  extend  to  surrounding  parts  of  the  skiu. 
It  consists  essentially  of  a  diffuse  hypertrophy  of  the  skin  and  subcuta- 
neous tissue,  with  or  without  involvement  of  the  papillee  and  epidermis. 
The  surface  may  be  smooth  or  rough.  When  the  papillfe  and  epidermis 
arc  much  involved,  larger  and  smaller  cauliflower-like  excrescences  may 
cover  the  hypertrophied  parts  and  the  surface  be  very  rough  and  scaly. 

Fapillomata. — These  growths  consist  of  hypertrophied  papillie  covered 
with  thick  layers  of  epithelium.    They  vary  in  size  from  that  of  a  pea  to 

'  For  a  stinly  of  noma  witli  bibl.  (lec  Bliiiner  mid  MiieFnrUine.  Am.  Jour.  Mwl.  Sd,, 
vol.  cxxii.,  1901,  p.  527. 
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that  of  an  apple,  atid  have  a  cauliflower  appearauce.  Ijpomata,  flbro- 
m^omata,  and  flbro-sarcomata  are  of  occasional  occurrence  in  the  vulva. 
A  few  cases  of  melano-sarcoma  are  recorded.  Chondroma  of  the  clitoris 
has  been  described.  Carcinoma  of  the  vulva  may  be  primary,  usually  in 
the  form  of  epithelioma  of  the  clitoris  or  labia,  or  it  may  be  secondary  to 
cancer  of  the  uterus,  vagiua,  etc. 

CyBta  are  found  in  the  connective  tissue  of  the  labia  mtyora  and 
minora.  They  are  from  the  size  of  a  pea  to  that  of  a  child's  head. 
They  may  contain  serum,  colloid  material,  purulent  or  bloody  fluid,  or 
they  may  have  the  characters  of  dermoid  cysts  or  atheroma  cysts.  Their 
origin  is  in  many  eases  obscure.  In  some  cases  they  are  doubtless  due 
to  dilatation  of  lymph-vessels.  Cysts  may  be  formed  by  a  stoppage  and 
filling  with  fluid  of  tJie  canal  of  Kuck,  or  by  a  dilatation  of  the  ducts  or 
acini  of  the  vulvo-vaginal  glands. 


The  Vagrina. 

Halformationa. 

The  Tagioa  may  be  eutirel  j  absent,  and  the  iDtemal  organs  of  generatiou  also  ab- 
sent or  imperfectly  developed.  Either  the  upper  or  the  lower  portion  of  the  canal  may 
be  absent  while  the  remaining  portion  la  present. 

The  vagina  may  be  closed  by  an  imperforate  hymen  or  by  Qbrous  septa  at  any  part 
of  its  canal.    The  canal  may  be  abnormally  small  without  being  occluded. 

Tbe  vagina  may  be  double,  in  connection  with  a  double  uterus :  or.  wliile  the  utenu 
is  normal,  tbe  vagina  may  be  incompletely  divided  by  a  longitudinal  septum. 


Cltanffea  in  Bize  and  FoaitloB. 

Dilatation*  of  the  vagina  is  produced  by  tumors,  by  tlie  prolapsed  uterus,  and  by 
the  accumulatian  of  blood  and  mucus  beliind  constrictions  or  obliterations  of  tlie  canal. 

Lenotheniko  of  the  vagina  is  produced  by  any  cause  whicii  draws  the  uterus  up. 
ward.  Narrowinu  occurs  as  a  senile  change;  is  produced  by  the  pressure  of  tumors  or 
may  follow  ulceration  of  the  wall  of  the  canal  through  cicatricial  contraction. 

Prolapse  of  the  vagina  occurs  independently,  usually  as  a  result  of  thickening 
or  laxity  of  its  walls,  or  in  connection  with  prolapse  of  the  uterus.  It  may  occur  soon 
after  parturition.  A  larger  or  smaller  portion  of  the  canal  is  inverted  and  projects 
through  the  vulva.  The  entire  circumference  of  the  canal  may  be  inverted  and  pro- 
lapsed, or  only  the  anterior  or  posterior  wall.  The  prolapse,  at  first  small,  may  after- 
ward gradually  increase  in  size  and  drag  down  the  uterus  with  it.  In  other  cases  pro- 
lapse of  the  uterus  is  primary,  and  the  vagina  is  Inverted  by  the  descent  of  that  organ; 
or  the  body  of  the  uterus  may  retain  its  normal  position,  while  an  liypertropby  and 
lengthening  of  tbe  cervix  alone  drags  down  the  vagina. 

Heunia  Vesico-Vaoisai.is— Cvhtocei.e— may  be  either  the  cause  or  effect  of  a 
prolapse  of  the  vagina  and  uterus.  If  the  eystocele  be  the  primary  lesion,  it  begins  as 
a  small  projection  of  tlie  wall  of  the  bladder  into  the  anterior  part  of  the  vagina.  As 
the  urine  accumulates  in  this  sac  it  increases  in  ^ze,  projects  through  the  vulva,  draws 
down  tbe  vagina  and  the  anterior  lip  of  the  cervix,  and  finally  the  entire  uterus.  If 
the  cystocele  be  the  secondary  lesion.  It  Is  pro<1uced  by  the  dragging  down  of  the  pos- 
terior wait  of  the  bladder  by  the  inverted  vagina. 

Hekma  Intestiuo-Vaoi\alis. — A  portion  of  the  intestines  may  become  fixed  In 
Douglas'  cul-de-sac  between  the  rectum  and  the  uterus.    This  portion  of  intestine  grad- 
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ually  becomes  larger,  pushes  forward  the  posterior  wall  of  the  vagina,  inverts  and  fills 
up  that  canal,  and  finally  projects  through  the  vulva.  It  may  drag  with  it  the  poste- 
rior wall  1)1  the  vagina  and  the  utenia, 

Rectocblg  VAtiiNALia. — A  sac  is  formed  by  the  projection  of  the  anterior  wall  of 
tlie  rectum  and  the  posterior  wall  of  tlie  vagina.  This  lesion  is  of  rare  occurrence  and 
does  not  reach  a  large  size. 

When  the  vagina  is  prolapsed  there  is  usually  inflammation  of  the  lining  roembrane 
or  a  thickening  of  the  epidermis. 

WOUNDS— FERFOBATIONS. 

Wounds  of  the  vagina  are  made  by  penetRiting  instrameDte,  by  for- 
ceps and  other  obatetrical  weapons,  by  the  fcetus  during  delivery  or  may 
result  from  coitus.  Such  wounds  may  heal,  or  give  rise  to  lai^  htemor- 
rh^es,  or  suppurate,  and  lead  to  abscesses  in  the  surrounding  tissue,  or 
leave  fistulous  opening  into  the  vagina  or  they  may  by  cicatricial  con- 
traction in  healing  lead  to  constriction  or  obliteration  of  its  canal. 

Vesico-VBginal  Fistulffi  are  usually  produced  by  injuries  from  instm- 
meuts  or  from  the  foetus  during  delivery;  less  frequently  by  ulceration 
of  the  viigina,  bladder,  or  adjacent  connective  tissue,  or  by  abscess  in 
the  surrounding  parts.  The  fistulie  form  an  opening  between  either  the 
bladder  or  the  urethra  and  the  vagina.  They  allow  the  urine  to  pass 
into  the  vagina.     Spontaneous  cure  does  not  take  place. 

Recto-vaginal  FiitnlES  are  formed  in  the  same  way  as  the  last-men- 
tioned.    They  allow  the  passi^  of  gas  or  fceces  into  the  v^iua.     They 


.TIOH.    (Vaginitia.) 

Catarrhal  Inflammation  of  the  vaginal  mucous  membrane  may  be  acute 
or  chronic.  It  is  most  frequently  induced  by  the  gonococcus,  but  may  be 
due  to  local  irritation  or  accompany  active  infectious  processes.  It  not 
infrequently  occurs  in  the  new-bom.  lu  the  acute  form  the  mucous 
membrane  is  swollen  and  frequently  covered  with  a  mucopurulent  or  a 
purulent  exudation.  In  the  chronic  form  the  mucous  membrane  may  be 
swollen,  co^'ered  with  a  purulent  exudation ;  there  may  be  an  exfoliation 
of  epithelium,  shallow  or  deep  ei"osions,  or  ulcei-s. 

Sometimes  laige  shreds  or  membranes  are  cast  off  from  the  vagina 
which  consist  wholly  of  exfoliated,  flat  epithelium.'  In  other  cases  the 
mucous  membrane  is  thickened,  dense,  and  sometimes  pigmented,  or 
it  may  be  roughened,  covered  with  papillffi,  or  it  may  be  relaxed  and 
prolapsed. 

Cioupoufl  Inflammation  may  occur  after  pariurition,  in  dysentery,  in 
typhus  aud  typhoid  fevers,  diphtheria,  scarlatina,  measles,  and  other 
infections  diseases.  The  mucous  membrane  is  swollen  and  covered  with 
a  grayish  layer  of  fibrin  and  pus.  The  mucosa  and  snbmucosa  may  be 
infiltrated  with  fibrin  and  pus.  The  infiltrated  portions  of  the  mucosa 
'  Consult  Mcl-'arlaiul.  Proc.  Philadelphia  Path.  Hoc..  March  Ist.  1889. 
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and  submucosa  may  die  aud  become  ^ngreuons,  and  thus  deep  and  ex- 
tensive ulcers  be  formed. 

Snpporatlve  Inflammation  of  the  fibromuscnlar  coat  of  the  vagina  may 
occur  after  injuries  or  in  preguant  aud  puerperal  women.  Altscesses 
may  be  formed  which  peuetrate  into  the  labia  or  into  the  pelvic  connec- 
tive tissue.  lu  other  cases  the  intense  phlegmonous  inflammation  may 
lead  to  the  death  and  castiug-off  of  portions  of  the  vaginal  wall,  or  even 
of  the  entire  wall. 

Qan^rene  of  the  vagina  may  occur  as  a  result  of  croupous  or  intense 
suppurative  or  syphilitic  inflammation,  or  from  unknown  causes.  In 
the  form  of  noma  it  may  be  very  extensive  and  rapidly  destmctive, 

TnbeicolonB  and  Syphilitic  Inilammation,  nsnally  leading  to  more  or 
less  extensive  ulcei-atiou,  may  occur  in  any  part  of  the  v^ina.  Tuber- 
culous inflammation  is  usually  secondary  to  tuberculosis  of  other  parts. 
Syphilitic  ulcers  may  heal,  sometimes  leaving  marked  cicatrices,  and 
sometimes  not. 

TUVOKS. 

Fibroma,  flbro^myoma,  sarcoma,  myoma  lATicellnlare,  are  of  occasional 
occurrence  in  the  vagina.  Hyoma  striocellalare  is  of  rare  occurrence.  A 
teratoma  ha»  beeu  described  and  a  few  cases  of  endothelioma.' 

Fapillomata  are  of  frequent  occurrence  as  a  result  of  chronic  inflam- 
mation. Carcinoma  of  the  vagina  is  usually  secondary  to  cancer  of  the 
uterus.  It  may  t>e  primary  as  a  circumscribed  nodnlar  tumor,  or  more 
frequently  it  occurs  in  a  papillary  and  ulcerating  form  and  often  spreads 
to  neighboriug  parts. 

Cysts. — These  are  not  very  common  and  may  be  small  or  as  large  as 
a  hen's  egg.  They  may  be  lined  with  flattened  epithelium,  and  contain 
serous  or  viscid,  dark -colored  or  transparent  fluid.* 

FABA8ITBS. 

Among  the  animal  parasites  Ozyoria  and  Trichomonas  vaginalis  are  of  oc- 
casional occurrence.  Among  the  vegetable  forms  Oidinm  albicans  and  Lep- 
tothrix  are  occasionally  seen,  while  various  forms  of  bacteria  are  common. 
Staphylococcus  and  Streptococcus  pyogenes  have  beeu  fouud  many  times 
in  the  normal  vagina.  While  these  and  other  bacteria  may  be  harmless 
in  the  normal  vagina,  should  conditions  favoring  their  growth  or  an  in- 
crease in  their  virulence  occur,  as  after  delivery  for  example,  serious 
infections  processes  may  follow.  The  r61e  of  the  gonococcus  as  an  ex- 
citant of  catarrhal  inflammation  is  well  established. 

The  TTterus. 

Congenital  Halfonnatioiu. 

The  uterus,  tubes,  and  vagina  may  be  entirely  absent,  with  or  without  abaeDce  nt 
the  external  geoitals.  Or  the  uterua  alone,  or  tlic  upper  part  of  the  vagioa  also,  may 
be  abseil  t. 

'  See  Roicltka.  Cbl.  r.  Path.,  Bd.  xis,,  1908,  p.  657. 

'  Consult  Stohes,  Johns  Hopkins  Hospital  Reports,  vol.  vii, ,  p.  109,  bibliography. 
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Tim  uCeruB  may  be  only  ruditneDtary  while  the  vagioa  is  Domial.  It  tliea  appears 
aa  a  flattened  Bolid  body  willi  solid  cornua.  Or  there  arc  two  coniiia  Joined  at  tliL'ir 
lower  extremities  so  as  to  form  u  small  double  uterus  {Fig.  419).  Or  the  uterus  is 
repcescnted  by  a  smotl  sac.  wliicli  may  or  may  not  communicate  with  the  vagina.  Or 
there  is  a  very  small  uterus,  with  thin  musculur  walls  and  two  large  eomua. 

Only  one  of  the  cornua  which  sliould  form  the  uterus  may  be  developed  while  the 
other  la  arrested  in  lis  growth.    The  uterus  is  then  a  long,  cyliudrical  body, 


iiig  above  in  one  tube.  On  the  side  where  the  horn  should  have  been  developed  there  is 
110  tube,  or  only  a  rudiment.     Both  ovaries  are  usually  present. 

The  two  cornua  may  be  fully  developed,  but  their  lower  ends  remain  separated 
and  form  a  double  uterus.  An  entire  separation  into  two  distinct  uieil  and  vagina;  is 
rare.  More  frequently  the  utenis  consists  of  one  body,  divided  by  a  septum  into  two 
cavities.  There  arc  then  two  cei'vical  portions  of  llie  uterus  projecting  into  a  siugic 
vagina,  or  each  into  a  separate  vagina.  Or  there  is  only  a  single  cervix.  The  septum 
in  the  uterus  may  bo  complete  or  only  imrlial. 

The  uterus  muy  be  abnormal  in  si/e  or  be  variously  flexed;  the  cervix  may  be 
solid  or  may  be  closed  by  the  viigioal  mucous  membrane.  Or  the  cervix  may  have  nn 
abnormal  form  with  a  small  opening  or  canal. 

Changes  in  Size. 

lu  the  new-born  infant  the  uterus  is  small,  the  Iwdy  flattened,  the  cervix  dispro- 
portkinately  large.     Duiiug  childhood  the  organ  increases  in  size,  but  tlie  body  remains 
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sniull  in  proportion  to  the  wivix.    At  puberty  tLe  sliapc  clianges  mid  tlic  bod)'  be 

Alevery  menstruation  the  iitcrua  is  sonicwiiat  swollen  and  cougesteil.  After  preg- 
nancy it  docB  not  return  to  its  virgin  sii;e,  but  retnaios  somewhat  larger.  In  old  age  it 
gradually  Iwcomea  Bmallcr;  its  walla  are  harder  and  more  flbroua. 

Abkokmal  Smali.ngss  of  the  uterus  is  sometimes  found  as  an  arrest  of  dcvelop- 
ineut.  It  may  result,  however,  from  chronic  endometritis,  from  repeated  pregnancies, 
from  old  age,  or  from  chronic  exhausting  diseases.  Its  cavity  may  be  stnaller  than 
normal,  or  distended  with  mucus.  Idrga  niyomata  sometimes  biduce  atrophy  of  tlie 
uterine  wall.  Atropbyof  tbc  vaginal  portion  of  the  uterus  is  sometimes  observed  after 
repeated  pregnancies.  Narrowing  and  obliteration  of  the  cavity  of  the  uterus  and  of 
the  cervix  are  usually  produced  by  ciironic  inflammation. 

E\LAii(iEMEST  OF  THE  UTEKva  may  be  due  to  too  early  development.  It  is  ac- 
companied by  abnormally  early  development  of  all  the  sexual  organs  and  functions. 
The  uterus  may  be  enlarged  in  connection  with  heart  disease,  pi'olapse  and  abnormal 
flexions  and  versions,  chronic  inflammations,  repeated  pregnancies,  myomata,  and  ac- 


cumulations of  blood  or  mucus  in  the  uterine  cavity.  Enlargement  of  the  vaginal  por- 
tion alone  may  occur.  One  or  both  lips  of  the  cervix  may  be  uniformly  increased 
in  size,  or  they  may  be  lobulatcd. 

Dilatation  of  the  uterus  is  produced  by  accumulations  of  blood,  mucus,  or  pus  in 
consequence  of  narrowing  or  obliteration  of  tlie  cervix  or  vagina.  The  uterine  walls 
may  retain  their  normal  thickness,  be  thickened  or  thinned.  The  most  frequent  posi- 
tion of  tlic  stenosis  is  the  os  internum.  The  retained  contents  after  a  time  cliange  in 
character,  forming  a  thin,  serous  fluid — hydrometra—nt  they  may  be  mixed  with  blood. 
Tlie  dilated  uterus  may  be  of  enormous  size.  If  both  os  internum  an<i  os  externum  are 
closed  the  cervical  cavity  may  be  also  dilated  and  the  uterus  liave  an  hour-glass  shape 
(Fig.  420) :  or  the  dilatation  may  be  limited  to  the  cervix.  If  tlic  obstruction  is  not 
complete,  the  retained  fluid  may  escape  into  the  vagina  and  be  followed  by  a  fresh  ac- 
cumulation. If  Ihc  obstruction  be  in  t!ie  vagina,  the  uterus  and  vagina  may  form 
a  large,  flask-shaped  body,  and  the  line  of  demarcation  between  cervix  and  vagina 
be  lost. 
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Accumulation  of  menstrual  tilood  iu  Ibe  cavity  of  the  »teTm—Aaiii«tam£tra—a 
usually  due  to  coogeuital  steuosis  of  the  cervii  or  vagina,  and  may  be  very  great.  If 
the  fluid  is  not  evacuated  by  surgical  Interference  there  may  be  either  rupture  or  ulcer- 
ative perforation  of  the  uterus.  The  blood  may  escape  into  the  abdomiual  cavity,  or 
be  shut  in  by  adhesions,  or  perforate  into  the  bladder  or  in1«8ttnes.  Sometimes  the 
blood  passes  into  tlie  Fallopian 
tubes,  dilates  them,  and  escapes 
through  their  abdominal  ends. 

Changes  in  Foaition. 

The  body  of  tlie  uterus  may 
become  Sxed  in  aa  abnormal  po- 
sition, while  the  situation  of  the 
cervix  is  unchsnged. 

Flexion. — The  body  may  be 
bent  forward — anufl^rioa;  buck- 
ward— r^fru/wTon  (Fig,  421);  or 
sideways — lateral  fieiioii.  The 
flexion  may  be  sligiit,  or  bo 
great  tlist  the  neck  and  body 
form  an  acute  angle.  Ante- 
flexion is  the  moat  common  va- 
riety, and  that  in  which  the 
flexion  is  greatest.  Peritoneal 
adhesions,  Uaccidity  of  the 
uterine  walls,  particularly  after 
delivery,  atrophy  of  the  walls, 
ovarian  and  other  tumors,  etc., 
are  the  usual  causes  of  flexion. 

Version  of  the  uterus  consists 
iu  an  abnormal  inclination  of  the 
long  axis  of  the  organ  to  that  of 
the  vagina.  The  uterus  may  bu 
inclined  backward,  forward,  or 

Betroeergioii  is  the  most  com- 
mon. The  fuDilus  uteri  is  di- 
rected backward  and  downward, 
the  cervix  forward  aud  upwanl. 

This  condition  is  found  in  vari-  bodr. 

ous  degrees;  in  the  highest  the 

fundus  lies  in  Douglas'  cul-de-sac  with  the  cervix  upward,  bo  that  the  axis  of  the 
uterus  is  parallel  to  that  of  the  vagina,  but  in  a  direction  nearly  opposite  to  the  normal. 
Abnormal  looseness  of  the  uterine  ligaments,  abnormally  large  capacity  of  the  pelvis, 
cnlargeraeDt  or  tumors  of  the  uterus,  and  pregnancy  during  the  first  (our  months,  are 
some  of  the  more  common  conditions  under  which  this  lesion  occurs. 

Aiitecertion, — InclInatioD  of  the  fundus  forward  and  downward,  and  of  the  cervix 
backwarxl  and  upward.  Is  not  common  and  seldom  reaches  a  high  degree.  It  occurs 
under  the  same  general  external  couditious  as  aoteftexion, 

Laleroremon  is  not  very  coramou  as  a  simple  lesion,  but  is  not  infrequently  com- 
bined with  other  displacements.  It  may  be  produced  by  congenital  shortening  of  one 
of  the  broad  ligaments,  by  adhesions,  or  by  the  pressure  of  tumors. 

The  greater  degrees  of  version  may  produce  very  grave  lesions.  The  urethra  and 
rectum  may  be  compressed.  Cystitis,  perforation  of  the  bladder,  dilatation  of  the 
ureters  ami  li5-dronephrosis,  and  fatal  obstruction  of  the  bowels  may  follow.  If  preg- 
naucy  exist  abortion  may  take  place,  or  the  inverted  uterus  may  be  forced  through  the 
peritoneum  and  posterior  wall  of  the  vagina  and  project  through  the  vulva.    In  the 
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non-pregnant  iil«rus  pressure  od  the  velaa  aDd  consequent  chronic  inflammation  of  the 
organ  may  follow. 

Prolapsus  Uteri  consista  of  a  descent  of  the  uterus  into  tl>e  vagina.  The  utenis 
may  be  only  sliglitly  lowered  or  it  may  project  at  the  vulva  (Fig,  422).  In  complete 
prolapse  we  And  a.  tumor  projecting  through  llie  vulva,  partly  covered  by  the  dia- 
tended  vagina,  and  presenting  the  opening  of  the  os  externum  near  its  centre.  The 
bladder  and  rectum  may  be  drawn  down  with  tlie  vagina  or  may  remain  in  place.  The 
exposed  cervix  and  vagina  usually  become  inflamed  and  sometimes  ulcerated,  or  the 
mucous  membrane  may  become  thickened.  The  lesion  is  frequently  complicated  by 
hypertrophy  of  the  cervix. 

Gradual  prolapse,  which  is  most  frequent,  may  be  due  to  an  increased  weight  of  the 
uterus,  as  In  pregnancy,  inflammatory  enlargement,  the  presence  of  tuniora,  etc. ;  or  to 
some  abnormal  condition  of  the  ulerine  supports.     It  is  frequently  due  to  a  vaginal 


Tbe  cerrlx  projects  trota  the  tuIvb  an 

cystocelc  or  rectorele.  Buddcn  prolapse  is  most  apt  to  occur  in  an  enlarged  uterus 
or  one  unduly  heavy  by  reason  of  tumors  connected  with  it.  It  Is  most  common  in 
subinvolution  after  parturition. 

Elrvation  of  the  uterus  is  produced  by  mechanical  causes  crowding  or  dragging 
it  upward,  as  adhesions,  tumours,  etc.  The  vagina  is  drawn  up  and  lengthened,  and 
tbe  vaginal  portion  of  the  cervix  may  be  obliterated. 

Invebsion  of  the  uterus  consists  of  an  invagination  of  the  fundus  The  fundus  may 
be  invaginated  in  the  body,  the  fundus  and  body  in  the  cervix,  or  the  entire  organ  in 
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the  vagina.  It  iiaually  occurs  when  tht  uterine  walls  are  relaxed,  and  may  be  due  to 
traction  on  the  placenta  dnriog  parturition.  It  may  take  place  spootaDeousI)'  after 
parturition.  It  may  be  produced  by  intra-uteriae  tumors.  The  mucous  membrane  of 
the  inverted  organ  is  frequently  inflamed,  particularly  when  the  iDversion  is  complete. 
The  epithelium  may  become  squamous  and  lamellated  iii  type. 

HE^Mi.e  of  the  uterus  are  rare.  Ventral  hernia  may  occur  during  the  latter  monthi 
of  pregnancy,  tlie  peritoneum,  aponeuroses,  and  skin  being  forced  outward  to  form  i 
sac  in  which  the  uterus  lies,  Cnirat  hernitr  are  produced  by  the  drawing  down  of  the 
uterus  and  ovaries  into  the  sac  of  an  intestinal  heroia.  In^inat  hernia  may  be  pro- 
duced in  the  same  way  or  be  congenital.  iKhiatie  hernia  has  been  seen.  Pregnancy 
may  occur  in  the  uterus  while  it  is  within  a  crural  or  inguinal  hernia. 


RTTFTTmE  AKD  PBBFORATION. 

Bnptitre  of  the  uoimpreguated  uterus  is  rare.  It  may,  however, 
occur  when  the  uterine  cavity  is  distended  with  blood  or  serum,  or  in 
conueetiou  with  large  myouiata  of  the  uterine  walls. 

In  the  gravid  uterus  ruptures  have  been  seen  in  nearly  every  mouth 
of  pregnancy,  but  most  frequently  toward  the  end.  The  rupture  may  be 
due  to  a  thinning  of  the  uterine  wall  by  tumors,  or  by  violent  contusious, 
or  as  the  result  of  cicatricial  contraction  of  the  os. 

It  most  frequently  takes  place  in  parturition.  Malpositions  of  the 
foetus,  narrowing  of  the  pelvis,  protracted  labor,  thinniug  of  the  uterine 
wall  from  tumors,  forcible  use  of  the  forceps  and  other  instruments,  are 
the  ordinary  causes.  The  rupture  may  be  in  the  body  of  the  uterns  or 
the  cer\'ix,  or  both ;  it;  may  be  large  or  small ;  it  may  extend  completely 
or  only  partly  through  the  uterine  wall.  The  consequences  of  partial 
rupture  are  hiemorrhagc,  gangrenous  inflammation  of  the  edges  of  the 
rapture,  peritonitis,  and  usually  death.  In  rare  cases  the  rupture  cica- 
trizes and  the  patient  recovei-s.  Complete  rupture  usually  leads  to  death 
in  a  short  time.  The  ftefns  may  escape  partly  or  completely  inTo  the 
abdominal  cavity.  If  the  patient  survive  the  immediate  shock,  fatal 
peritonitis  usually  soon  ensues.  In  rare  cases  the  foetus  is  shut  in  by 
adhesions  and  the  patient  snr\ive8. 

Ferfoiations  of  the  uterus  may  be  produced  by  carcinoma,  by  ab- 
scesses in  its  neighborhood,  and  by  ovarian  cysts. 


HTTEBaMIA-tfTEBINE  AXTD  FEBI-TTTEBINE  HSHOBBHAQE. 

Hypenemia. — Aside  from  the  acti\e  menstrua!  hypertemia,  the  uterus 
may  be  hypenemic  in  acute  and  chronic  inllamtnation,  as  a  result  of  dis- 
placement of  the  organ,  and  in  certninfonnsof  heart  disease.  The  oi^n 
is  usually  enlarged,  the  mucous  membnine  swollen,  and  the  veins  are  more 
or  less  evidently  dilated.     fEdema  may  be  associated  with  hyperemia. 

Kemorrhage. — Effusion  of  blood  into  the  cavity  of  the  uterus  occurs 
normally  at  the  menstrual  periods.  For  the  abnormalities  to  which  this 
function  is  subject  we  refer  to  works  on  gyniecology.  Eifusionsof  blood 
at  other  than  the  menstrual  periods  may  be  associated  with  mechanical 
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hyperjemia,  hieiuorrtioids,  acute  hypenemia,  iiitra-uterine  polypi  and 
otiier  tumoi-s,  acute  aud  cbrouic  iuflammatiou,  typhus  fever,  8cur\'y,  etc., 
uleei'atiiig  carcinoma,  abortions,  and  miscarriage. 

A  peculiar  form  of  hiemorrhage  results  iu  the  so-called  polffpoid  hwma- 
toraa,  or  ^fibrinous  polyp.  It  occurs  after  parturition  ar.d  after  abortions. 
The  portion  of  the  uterine  wall  where  the  placenta  was  attached,  with  or 
without  a  portion  of  retain<Hl  pW-euta,  forms  the  point  of  attachment  of 
the  pedicle  of  the  thrombus.  A  bloody  ma8S  is  firmly  attached  by  a 
pedicle  to  the  uterine  wall ;  the  uterus  enlarges  with  its  formation,  the 
cervix  is  dilated,  aud  the  thrombus  may  project  into  and  fill  the  vagina. 
The  formation  of  such  a  thrombus  is  accompanied  by  repeated  htemor- 
rhages. 

HiemoiTliage  in  the  sut)stance  of  the  ut«ru»oceurs  in  arteriosclerosis. 
The  mucous  membrane  and  uterine  wall  or  the  cervix  are  infiltrated  with 
blood,  and  there  may  l)e  blood  in  the  uterine  cavity, 

Peri-nteriiie  or  Ketro-uterine  HEematocele  consists  in  au  accumulation  of 
blood  around  the  uterus  or  in  Douglas'  cnl-de-sae.  The  hiemorrh^ic 
mass  may  become  encapsulated  with  fibrous  tissue,  or  may  soften  or 
suppurate  and  perforate  into  i-e<rtum  or  vagina,  or  may  be  absorbed. 
A  form  of  extraperitoneal  hjematoccle  isdescribetl  in  which  the  blood 
lies  between  the  folds  of  the  broad  ligament.  The  extra vassition  may 
proceed  from  hiemorrhage  of  any  of  the  ab^loniinal  viscera  or  rupture  of 
aneurisms;  fi-oin  vascular  new-formed  false  membranes;  from  rupture  of 
the  varicose  veins  of  the  broa<l  ligaments;  from  rupture  of  lia-morrhagic 
cysts  of  the  ovaries;  from  the  Fallopian  tubes  in  tubal  pregnancy  or  in 
hiematometra ;  or  from  general  cau-ses,  such  as  scurvy,  purpura,  etc.  In 
some  cases  the  extravasation  begins  at  a  menstrual  period,  and  Increa-ses 
at  the  succeeding  periods. 

Aute-otfirine  Hfematocale  is  of  occasional  occurrence,  either  in  connec- 
tion with  the  retro-uterine  form  or  when  the  jiosterior  ciU-de-sac  is  ob- 
literated. 

ATBOFHT,    DEaENERATIOK,    BTO. 

Atrophy  of  the  uterus  occurs  as  a  physiological  process  in  old  age. 
It  may  be  associated  with  severe  general  or  infectious  diseases  or  follow 
removal  of  the  ovaries.  It  may  follow  pregnancy  apparently  as  an  ex- 
cessive involution  process. 

Fatty  Degeneration. — This  nmy  occur  iu  connection  with  inflammatory 
changes,  in  acute  infectious  disciusi-s,  and  in  ]>hosphoms  poisoning. 

Amyloid  Degeneration  in  the  uterus  is  of  rare  occurrence.  It  may 
affect  the  muscle  fibres  or  the  walls  of  the  blood-vessels. 

Phagedenic  or  Corroding  Tlleer. — This  ram  and  little  understood  form 
of  ulceration  usually  occurs  in  old  age.  It  begins  in  the  cervix  and 
gradually  extends  until  it  may  destroy  the  greater  part  of  the  uterus  or 
e\en  invade  the  bladder  and  rectum.  The  ulcer  is  of  irregular  form ;  its 
base  is  rough  and  blackish,  its  walls  are  indurated.  It  should  not  be 
confounded  with  carcinomatous  ulcer,  which  it  considerably  resembles. 
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XNTLAKHATION.    (Hetritia  and  Endometritu.) 
I.  Inflammation  of  the  Unimpkbgnated  Uterus. 

Acute  Catarrhal  Endometritia. — Id  thia  disease,  wliich  in  its  lighter 
grades  may  leave  but  little  alteration  after  death,  the  mucous  membrane 
is  swolleu,  hypenemic,  and  sometimes  the  seat  of  punctate  hsemorrbages. 
The  epithelium  may  be  degenerated  and  may  desquamate,  and  the  mucosa 
contain  an  undue  quantity  of  small  spheroidal  cells.  The  surface  is  more 
or  less  thickly  covered  with  mucopurulent  exudate.  In  severe  cases 
shreds  of  mucous  membrane  may  be  exfoliated.  The  lesion  is  nsnalty 
most  marked  iu  the  mucous  membrane  of  the  body,  but  may  involve  the 
cen'ix  at  the  same  time,  or  the  cervix  alone.  The  body  of  the  uterns 
may  be  swollen  and  hypenemic. 

Iu  Endometrilis  exfoliativa  (membranous  dysmenorrhcea)  there  may  be 
an  expulsion,  with  more  or  less  blood,  of  membranous  masses  consisting 
of  fihriu  mingled  with  blood  and  pus  cells,  or  cousistiug  of  exfoliated 
superficial  layers  of  epithelium.  This  exfoliated  epithelium  is  frequently- 
much  flattened  so  as  considerably  to  resemble  the  vaginal  epithelium. 
When  the  shreds  are  large  the  openings  of  the  uterine  glands  may  be  seen 
as  perforations.' 

Acute  catarrhal  inflammation  of  the  uterus  may  be  due  to  injury,  ex- 
posure during  meustruatiou,  gouorrhoeal  infection,  local  infection  with 
other  bacteria, '  or  it  may  accompany  the  general  acute  infectious  diseases. 

Chronic  Xndometritii. — This  may  be  a  continuation  of  an  acute  inflam- 
mation or  begin  as  a  chronic  process.  In  some  of  the  lesser  degrees  of 
inflammation  but  slight  changes  are  found  after  death.  The  mucous 
membrane,  on  the  other  hand,  may  be  swollen,  hypersemic,  and  covered 
with  muco-purulent  exudation.  In  other  case^  there  is  more  or  less  well- 
marked  thickening  of  the  mucous  membrane,  which  may  present  a  smootli 
or  a  rough  papillary  surface  or  polypoid  outgrowths. 

The  thickened  mucous  membrane  may  show  on  microscopical  examina- 
tion considerable  hyper pla.sia  of  the  uterine  glands.  These  may  be  fairly 
normal  aud  regular  in  type ;  or  the  epithelial  cells  may  be  much  increased 
and  irregularly  massed  within  tlie  tubules  (Fig.  423);  the  hyperplastic 
glands  are  often  contorted,  forming  irregular  spirals  (Fig.  424).  The 
interglaiidular  stroma  of  the  mucosa  may  be  little  changed  or  much 
thickened ;  it  may  be  dense  or  very  loose  in  texture  and  formed  largely 
of  small  fusiform  and  spheroidal  cells.  It  is  often  extremely  vascular 
and  may  be  the  seat  of  interstitial  hemorrhage.  If  there  be  considerable 
growth  of  new  gland  structure  the  condition  is  called  "glandular  hyper- 
plasia "  of  tlie  mucous  membrane.  It  is  often  difficult  in  the  microscopical 
examinations  of  small  portions  removed  from  the  uteriue  mucous  mem* 

'  See  BeWitt,  Am.  Jour,  of  Obstetrics,  vol.  xlii,,  1900,  bibliography. 

1  Vnr  an  ncpnilnt  njltli   lilhTi. , trm nln-  nf  tha  ))acteria  Of  tbt  VBglOa  SCC    1 

for  bacteria  of  uon-pregoe 

>.  29,  1899,  bibliography;  also  refereuce 
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brane  by  curetting  to  decide  whether  the  lesion  be  a,  simple  glandnlai 
hyperplasia  or  adenoma.  lu  fact  glaudular  hyperplasia  may  appareutly 
lead  to  so  excessive  and  nnrestrained  a  growth  of  glaudnlar  structures  in 


SHOWINO  GLkNDDI.^E 


the  mueons  membrane  aa  to  justify  the  designation  adenoma  or  malignant 
adenomatous  hyperptama. 

Sometimes  a  thick  layerof  new-formed,  very  vascular  tissue  develops 
over  the  surface  of  the  mueons  membrane,  lai'gely  covering  in  the  uterine 
glands  (Fig.  425).  From  the  decomposition  of  extravasated  blood  in 
the  mucous  membrane  the  latter  may  be  mottled  with  brown  or  black. 
The  glandular  elements  of  the  mucosa  may  be  partially  or  almost  entirely 
destroyed.  Occasionally  the  glands  are  dilated,  forming  numerous  small 
cysts  which  may  project  from  the  surface.  The  papillie  of  the  cervix 
may  be  hypertropbied.  the  mucous  follicles  swollen  and  their  outlets  ob- 
structed, leading  to  the  formation  of  the  so-called  ovnla  Nabothi.     The 


FIG.    4£t.^-Cl[ROMI 

Bbowlng  Klnndnlar  hyperrrtasla  of  lire  mumus  nipmt 
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uterine  wall  boeoines  fliiecid  and  atrophied,  or  it  may  be  hyperplastic 
especially  in  the  cervical  portion.  Ulceration  of  the  mucous  membrane, 
especially  of  the  cervix,  may  occur.  There  may  be  contractiou  or  oblitera- 
tion of  the  cervical  canal. 

Fibrous  hyperpla.sia  of  the  cervix  with  ectiisia  of  the  Xabotbian 
glands  and  thickening  and  erosion  or  ulceration  of  the  mucous  membrane 
is  a  frequent  condition  at  the  climacteric  pcrio<l  (Fig.  426).  Underthese 
conditions  both  the  clinical  manifestations  and  Ibe  general  appearance  of 
the  cer^'ix  on  inspection  often  suggest  the  existence  of  cancer. 

Chronic  endometritis  may  occur  at  any  age,  but  is  most  freqneot 
after  puberty,  and  is  due  to  a  great  variety  of  conditions.     It  may  occur 


no.  *i"l.— ClIROMr    ENDOVKTRITIH  with    the  FOHUITIO!!  OF    IL  THICK  LAVKR  or  KEW-FORMin,   TERt 
V^ISiniR  TISM'K  OVKH  THE  SL'npAI'K  Or  THE   Hl'COl'd   NEMDRANE. 

a.  Uterine  muwlr  ttasuo :  li.  miKMitis  membraae  of  ul^rus ;  r.  neir.fnnneil  Tucular  tiMiie. 

in  ill-nonrished  persons  or  in  those  suffering  from  exhausting  diseases. 
It  may  follow  displacements  and  tumors  of  the  uterus,  subinvolution, 
injuries,  etc. 

Cronponi  Endometritis. — This  form  of  inflammation  is  not  very  com- 
mon. It  ooca.sionally  occurs  in  the  puerperal  uterus,  and  in  acute  infec- 
tions diseases.  It  sometimes  involves  the  vulva,  vagina,  and  Fallopian 
tubes.     It  may  coexist  with  crouiious  inflammation  of  the  colon. 

Tuberculous  Endometritis. — This  is  rare  and  usually  occurs  as  part  of 
tuberculous  inflammation  of  the  gen  ito-uri nary  tract.  A  part  or  the 
whole  of  the  cavity  of  the  uterus  may  be  lined  with  a  rough,  yellowish 
or  gray,  caseous  mass,  which  may  deeply  involve  the  muscular  walls  of 
the  organ.     At  the  edges  of  the  ulcemting  ca,seous  areas  there  may  be 
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miliary  tubercles,  or  these  may  be  scattered  throngh  the  otherwise  in. 
tact  mncoaa. ' 

Syphilitic  EBdometritis. — This  is  nsually  confined  to  the  cervical  por- 
tion, and  is  characterized  by  shallow  or  deep  ulcerations  and  condylomata 


Fio.  1%— Fibrous  ind  GuNDrLAH  HrPERrLisu  or  nil  cuivix  uteri. 
TbeDgnreahoiTsoiieBideaf  UiecerriilD  lon^tuilJQa]  s«ctJoD.  Tlie  Dbroua  Unue  ot  the  cerrf i  Is  lery 
deiue  and  Ibe  walls  ot  Uie  blood-Tessela  are  tblckened.  Tbere  la  hnierptasla  ot  Uie  Btanda  oC  Uie  cerrlcal 
caoa!  irltb  eraetou  ot  tbe  aurfaO)  epltbellum.  Tbe  NabiXlilBU  glanda  are  dlalenCled  wiUi  clear.  Klalrr  fluid. 
(orula  Nabotbl).  Then  Is  eroeloa  of  tbe  epItlielJum  at  Itie  oa  extemum,  and  Itiia  wltti  tbe  mngeatloo  of  the 
nnall  mlperflcial  Tesxeli  bere.  gare  a  rouKb  red  appearance  to  tbe  oa.  augsegtlve  of  a  malignant  grovUi. 

of  the  mucous  membrane ;  or  there  may  be  a  diffuse  thickening  of  the 
mucosa. 

AcQte  Hetritis  is  usually  associated  with  acute  catarrhal  endometritis. 
The  oi^n  is  swollen,  succulent,  congested;  the  mucous  membrace  covered 
with  muco-pua;  the  peritoneal  coat  congested.  There  may  be  small  ex- 
travasations of  blood  in  the  wall  or  cavity  of  the  uterus.  The  infiamma- 
tion,  in  rare  cases,  becomes  suppurative,  and  abscesses  are  fonued  in  the 

>  For  bibliography  see  OuUen,  Johns  Hopkins  Hospital  Reports,  vol.  Iv.,  p.  441, 1896. 
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uteriue  wall ;  these  may  perforate  into  the  peritoneal  cavity  or  into  the 
rectum. 

Chronic  Hetritis  may  follow  acut«  metritis  or  accompanies  acute  or 
chronic  eudometritis,  and  is  dependeut  upon  similar  conditions:  subin- 
volution, displacements,  tumors,  active  irritants,  etc  The  uterus  is  en- 
larged, the  wall  congested,  thickened,  and  soft,  or,  owing  to  the  new 
formation  of  connective  tissue,  hard  and  dense.  The  lesion  may  be  most 
marked  in  the  body  or  in  the  cervical  portion. 

Perimetritis. — The  i>eritoneal  coat  of  the  nterus  may  be  inflamed,  with 
the  production  of  membranous  adhesions  or  of  pus.  The  adhesions  may 
be  small  or  very  extensive,  and,  owing  to  their  contractions,  may  cause 
various  distortions  and  displacements  of  the  i>elvic  organs.  The  inflMu- 
mation  is  usually  an  accompaniment  of  chronic  metritis  and  endometritis. 
In  prostitutes  such  adhesions  are  of  very  common  occurrence. 

Farametritia. — The  connective  tissue  about  the  utems,  between  that 
organ  and  the  reflexions  of  the  peritoneum,  may  be  the  seat  of  suppura- 
tive inflammation.  It  most  frequently  ends  in  death,  but  may  result  in 
the  formation  of  dense  connective  tissue  about  the  uterus. 


II.  Inflammation  of  the  Pregnant  Uterus. 

The  forms  of  inflammation  which  have  just  been  described  may  also 
occur  in  the  pregnant  uterus.  Catarrhal  endometritis  may  lead  to  effnsion 
of  serum,  extravasations  of  blood,  and  abortions.  Metritis  may  lead  to 
softening  of  the  uterine  wall,  so  that  rupture  takes  place  during  labor. 
Perimetritis  and  parametritis  produce  adhesions  and  abscesses  about  the 
uterus. 

Infections  Inflammation  (Pnerperal  Fever). — For  a  week  or  more  after 
delivery  the  inner  surface  of  the  still  dilated  uterus  is  rough,  especially 
at  the  insertion  of  the  placenta,  and  covered  with  dark  shreds  of  blood, 
mucous  membrane,  and  placenta.  This  condition  should  not,  as  is  some- 
times the  case,  be  mistaken  for  inflammation  or  gangrene. 

Asa  result  of  injury  to  the  uterus  or  vagina  during  or  after  delivery, 
and  the  action  of  bacteria  which  may  gain  access  to  the  tissues,  in  this 
vulnerable  state,  the  puerperal  uterus  is  liable  to  become  the  seat  of  a 
series  of  severe  and  often  destructive  inflammatory  and  necrotic  changes. 
These  may  be  confined  to  the  uterus ;  they  may  induce  serious  alterations 
in  surrounding  parts ;  they  may  lead  to  an  involvement  of  the  peritonenm 
or  to  septiciEmia  or  pytemia  and  its  accompanying  lesions  in  the  most 
distant  parts  of  the  body.  In  some  cases  a  more  or  less  extensive  gan- 
grenous inflammation  of  the  mucous  membrane  and  the  underlying  parts 
may  lead  to  the  casting-off  of  larger  and  smaller  shreds  of  necrotic  tissue 
and  the  formation  of  deep  and  spreading  ulcers,  which  may  be  accom- 
panied by  severe  parametritis  and  fatal  i^eritonitis.  In  other  cases  the 
inflammation  is  croupous,  and  may  afiect  the  vagina  leading  to  necrosis, 
gangrene,  ulceration,  or  peritonitis. 

In  connection  with  either  of  the  above  forms  of  inflammation,  or 
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■without  them,  there  may  be  thrombosis  of  the  uterine  sinuses,  pomlent 
inflammation  of  the  veins,  suppuration  and  abscess  in  the  uterine  vsH, 
suppurative  inflammation  of  the  ovaries  and  tubes,  aud,  owing  to  the 
generalization  of  the  infections  material,  metastatic  abscesses  in  the  lungs, 
spleen,  kidneys,  etc.  Or  acute  pleurisy,  ulcerative  endocarditis,  ery- 
sipelas, purulent  inflammation  of  the  joints,  hyperplastic  swelling  of  the 
spleen  and  lymph-nodes,  thrombosis  or  thrombo- phlebitis  of  the  saphen- 
ous veins,  etc.,  may  follow.  In  some  cases  which  rapidly  pass  to  a  fatal 
termination  the  local  lesions  may  be  but  slightly  marked,  and  general  al- 
terations characteristic  of  pyiemia,  such  as  metastatic  abscesses,  etc.,  be 


no.  tZI.—CTtMVt  PnUCBITlB  rOLLDW:NG  DILIVERY: 
DtaXb  nine  dttys  after  dellTery.    Micrococci  In  tbe  walls  of  tin 

entirely  wanting.     Death  is  in  such  cases  apparently  due  to  toxiemia  or 
septicicmia. 

Bacteria  are  usually  present  in  the  exudate,  in  the  lymph -vessels, 
veins,  aud  inflamed  tissue  of  the  uterus  (see  Fig.  427) ;  often  in  enormous 
quantities  in  the  periteneal  exudation  and  in  the  metastatic  inflammatory 
foci.  Streptococcus  pyogenes,  the  gonococcus,  B.  aerogenes  capsulatus, 
aud  the  colon  bacillus  are  the  most  frequent  excitants  of  the  lesion.' 

TUHOBS. 

Fibromata. — Dense  nodular  fibromata  of  the  uterus  are  rare,  the  so- 
called  fibromata  being  in  most  cases  myoraate.  or  fibro-myomata.  FStroma 
papiUare,  OQ  the  other  hand,  is  a  common  form  of  growth  from  the  mu- 

'  Consult  Wadveorth,  "  Od  Puerperal  Infection,"  Am.  Jour,  of  Obstetrics,  vol.  xliii.. 
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COOS  membrane.  It  coDsiBts  of  a  more  or  less  vascular  couDectiTe-tissne 
stroma  covered  with  epithelium.  The  surface  may  be  smooth  or  villons. 
It  may  contain  very  numerous  gland  follicles,  and  then  approaches  the 
type  of  adenoma,  or  even  carcinoma.  The  stroma  may  be  loose  and 
succulent,  and  resemble  mucous  tissue,  forming  the  so-called  mucotu 
polypi.  In  any  of  these  forms  the  blood-vessels  may  be  abundant  and 
dilated,  forming  telangiectatic  or  cavernous  polypi.  The  adenomatous 
polypi  may  bceome  cystic  from  the  dilatation  of  the  gland  follicles. 

Polypi  of  the  aterus  may  be  multiple  or  single,  small  or  large. 
Knmerous  smaller  and  larger  papillary  outgrowths  from  the  mucooB 
membrane  may  occur  in  chron- 
ic endometritis.  Single  polypi 
may  grov  from  the  mucosa  of 
the  body  of  the  uterus  or  from 
the  cervix,  and  hang  by  a  long 
pedicle  down  into  the  vagina. 

The  large  number  of  glan- 
dular structures  in  many  of 
these  chronic  inflammatory, 
papillary,  and  polypoid  out- 
growths (Fig.  428)  often  jus- 
tifies the  name  of  adenomatous 
hyperplasia  of  the  mucous 
membrane  or  of  adenomatous 
papillomata  or  polyps. 

Syphilitic  papillary  growths 
in  the  form  of  pointed  condy- 
lomata may  form  finely  papil- 
lary, wart-like  excrescences  of 
variable  size,  particularly  on 
the  cer^'ix. 

Kyomata.  —  These  tumors, 
whose  characteristic  structural 

elements  are  smooth  muscle  fig.  us.— uterin*  poltt— adinohatodb  or  OLiih 
wlls   fsee  Fiff    IT.^^    are   the     "'""  '"*'"'■  "'  ™"  utkbcs-polvpoid   htp»- 

CeilB       ),Mt^     rig.       lli>),      «"3       lUt;  PLASIi  Ol"  THE  MlCOCa  MKMHRANI  IH  CHBOMC  ESBO- 

most  common  of  uterine  timiors     »cetb[t[b. 
and  while  frequently  of  little 

practical  importance  are  sometimes  of  serious  import.  They  are  espe- 
cially common  in  negroes.  They  are  most  frequently  composed  of  both 
muscular  and  fibrous  tissue — fibromyomata — but  the  relative  amount  of 
the  two  kinds  of  tissue  is  subject  to  great  variation.  They  are  most  apt 
to  occur  after  puberty,  and  usually  in  advanced  life.  They  may  be 
single  or  multiple,  small  or  of  enormous  size;  are  usually  sharply  cir- 
cumscribed, whitish  or  pink,  dense  and  hard,  or  sometimes  soft,  and  pre- 
sent on  section  interlacing  bands  or  irregular  masses  of  glistening  tissue. 
Their  favorite  situation  is  in  connection  with  the  body  of  the  utenis, 
but  they  may  occur  in  the  cervix  or  in  the  folds  of  the  broad  ligaments. 
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According  to  their  position  we  may  distingaish  snbaerous,  submucous, 
aud  iutraparietal  forms. 

The  »uMer(ma  myomaia,  often  multiple,  grow  from  tlie  outer  muscular 
layers  of  the  uterus  iu  the  form  of  little  nodules.     As  they  increase  in 
size  they  may  become  separated  from  the  uterine  wall  and  remain  at- 
tached only  by  a  narrow  pedicle  or  by  a  little  connective  tissue;  or  may 
even  be  entirely  free.     They  may  work  their  way  between  tlie  folds  of 
the  broad  ligament  until  they  are  at  some  distance  from  their  point  of 
origin.     The  tumors  may  become  \'ery  large,  but  remain  firmly  att^iched 
to  the  uterus;  this  organ  may  then  be  drawn  upward,   tlie  cervix  and 
vagina  being  elongated  and  narrowed.     The  traction  may  be  so  great  that 
the  body  of  the  uterus  is 
entirely    separated    from 
the  cervix.     The  bladder 
may   also  be   drawn  up-    ■ 
ward. 

The  submucous  myomaia 
grow  from  the  inner  mus- 
cular layers  of  the  uterine 
wall,  most  frequently  in 
the  fundus.  They  may 
project  into  the  uterine 
cavity  and  remain  sessile 
or  become  pediculated  ; 
the  uterus  dilates  with  the 
growth  of  the  tumor,  and 
its  wall  may  also  be  thick- 
ened. 

They  are  usually  single, 
although  there  may  be  at 
the  same  time  subserous 
and  intrai>arietal  tumors. 
They  are  frequently  soft. 
If  they  are  of  large  size 

and    polypoid    in    form,  no.  «9.-i.ntr*f*wctal  mvoxat*  or  thi  uwkih. 

they  may  project  through 

the  cervix  and  drag  down  the  fundus  of  the  uterus,  producing  inversion. 
The  mucous  membrane  covering  them  may  be  ati'ophied  or  hjpenemic, 
with  dilated  blood-vessels,  and  may  thus  give  rise  to  severe  and  repeated 
hicmorrhages.  In  some  cases  the  pedicle  of  a  tumor  is  destroyed  and  it 
is  spontaneously  expelled. 

The  bdraparietal  viyomahi  grow  in  the  substana*  of  the  uterine  wall, 
but,  if  they  attain  a  large  .size,  project  benealh  the  serous  or  the  mucous 
coat  (Fig.  429),  They  are  found  in  every  part  of  the  uterus,  but  are 
most  frequent  in  the  posterior  wall. 

The  shape  of  the  uterus  is  altered  in  a  great  variety  of  ways  by  the 
presence  of  these  tumors ;  its  ea\'ity  is  narrowed,  dilated,  or  misshapen ; 
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it  undergoes  flexiou  or  versiou.     The  tumors  may  sink  downward  aud 
become  attached  to  the  posterior  wall  of  the  vagius. 

Myomata  may  undergo  a  variety  of  secondary  alterations.  The  mus- 
cle fibres  may  undergo /off^  degeneration  and  the  tumor  diminish  in  size, 
or  may  even  it  is  said  be  entirely  destroyed.  Caldjkation  may  occur, 
conveiling  a  part  or  the  whole  of  the  tumor  into  a  stony  mass.  The  in- 
traparietal  and  submucous  myomata  may  give  rise  to  profuse  hamor- 
rha^s;  they  may  suppurate  and  become  gangrenous. 

Sometimes  the  tumors  or  circumscribed  portions  of  them  are  very 
vascular,  constituting  the  f£^n^i><^- 
tatic  or  cavernous  variety.  These 
tumors,  which  possess  some  of 
the  characters  of  erectile  tissue, 
may  suddenly  change  in  size  from 
a  variation  in  the  amount  of  blood 
which  they  contain.  Larger  aud 
smaller  cysts  may  develop  within 
these  tumors— Jibro-ci/slic  lutuon. 
These  may  be  multiple  and  may 
communicate;  they  may  be  filled 
with  a  clear  or  bloody  fluid.  These 
cystic  myomata  may  reach  an  im- 
?ia.  4ai.-AD.No«*TouB^oR^GL*NDULi,R  mtom*  uieii^  siz©  aud  fill  the  abdominal 
cavity.  The  cysts  may  be  lined 
with  ciliated  epithelium.'  Combinations  of  myoma  and  sarcoma  some- 
times occur — myosarcoma.     Lipomyoma  has  been  described.' 

Myomata  of  the  cervix  are  rare.  They  may  grow  as  polypi  beneath 
the  mucous  coat,  or  produce  eulargenteut  of  the  anterior  or  posterior 
lips,  or  may  grow  outward  into  the  abdominal  cavity. 

Myomata  of  the  uterus,  either  subserous,  intraparietal,  or  submucous, 
containingglandularstructuresof  thetypeof  those  in  the  uterine  mucosa, 
are  of  occasional  occurrence  (Fig.  430).  These  glandular  or  adenoma- 
tous myomata  are  sometimes  directly  connected  with  the  uterine  mucous 
membrane,  but  are  often  so  distant  aud  so  entirely  separated  from  it  as 
to  justify  the  conjecture  that  they  are  derived  from  some  embryonal  ab- 
normality associated  with  the  development  of  the  Wolffian  body. '  Simi- 
lar tumors  have  been  described  in  the  round  ligament.' 

Sarcomata  may  occur  as  primary  tumors  in  the  mucous  membrane  of 
the  uterus,  cither  in  the  form  of  a  difTuse  infiltration  or  as  a  circumscribed 
nodular  or  polypoid  mass.  They  frequently  involve  the  muscular  wall, 
are  liable  to  hiemorrha^^e  and  gangrene,  and,  particularly  in  the  difi'nse 

'  Consult  niODtigraph  liy  lirem,  "  Utbur  walin;  Epitliel  fUhreode  Cyatenbllduug  d. 
Uterus- Mjomen."  Leipzig,  1894. 

'See  Kni>r.  Johns  Hopkins  Hosp.  Bull  ,  vol.  xii..  p.  318 

'  Cidten.  Johns  Hopkins  Hospital  Reports,  vo).  vi..  p.  133.  1897.  bibl. :  also  Odlta. 
MonoBraph  as  supplement  to  Ortli's  "Festsclirift."  1903. 

*Cidlen,  Bull.  Johns  Hopkins  Hospital  Reports,  vol  \\.,  p.  142  1898.  bibl  .  also 
mtimer.  Am.  Jour.  Obstetrics,  vol.  xxxvii..  p.  87,  1898 
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form,  are  liable  to  recur  after  removal.  They  may  consist  largely  of 
spindle  or  spheroidal  cells,  or  both.  It  is  said  that  sarcoma  of  the  uterus 
is  more  liable  to  occur  at  an  advanced  ^e  than  at  au  early  period,  as  is 


riG.  431.— ADINOm  0»  MB  UTEBirg. 

the  rule  with  sarcomata  of  other  organs.     Giant-eelled  sarcomata  have 
been  described. 

An^oma. — Cavernous  angiomata  of  the  wall  of  the  uterus  have  been 
described.     Endothelioma  is  of  rare  occurrence  in  the  cervix. ' 

Adeaoma. — Between  a  simple  adenomatous  hyperplasia  of  the  mucous 
membrane  of  the 
uterus,  on  the  one 
hand  {see  Figs.  423 
and  424),  and  carci- 
noma on  the  other, 
there  is  noabsolutely 
sharp  morphological 
distinction.  But 
there  is  a  consider- 
able group  of 
growths,  to  which 
the  name  adenoma 
is  properly  applied, 
which  lie  on  the  bor- 
der zone  between  the  ' 
distinctly  benign  and  the  definitely  malignant  new  epithelial-tissue 
growths. 

Many  epithelial -cell  growths  of  the  uterus,  while  adenomatous  in 
structure,  are  so  distinctly  malignant,  and  are  so  liable  to  develop  that 
structural  lawlessness  characteristic  of  carcinoma  that  it  has  seemed  wise 
to  many  observers  to  avoid  the  name  adeuoma  altogether  and  class  all 

'  Hurdon,  Johns  Hopkins  Hospital  Bulletin,  vol.  ix.,  p.  180,  1898,  blbliogrepby. 
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the  epithelial  tumors  of  the  aterus  among  the  carcinomata.      Others, 
recK^iziiig  tlie  beuign  character  of  many  of  the  epithelial  tumors  of  the 
uterus,  have  adopted  a  sharp  distinction  be- 
tween benign  and  malignant  adenoma. 

It  seems  to  the  writer  wise  to  preserve 
here,  as  elsewhere  in  the  body,  the  morpho- 
logical distinction  between  adenoma  and 
carcinoma.  But  in  doing  this  it  should  al- 
ways be  t>ome  in  mind  that  the  adenomata 
of  the  uterus,  as  those  of  the  gastrointestinal 
caual,  may  not  only  be  extremely  malignant 
aa  adenomata,  but  that  the  more  benign 
forma  are  extremely  prone  to  develop,  both 
in  structure  and  malignancy,  into  carcino- 
mata. In  fact,  in  many  cases  we  can  ex- 
press the  peculiarities  of  structure  iu  these     ""■  <aR-ADENOKi  of  tub  utercs. 

tumors   only   by  calling   them    adenD^»rci-       Bhowing  » »m»n  poruon  of  the  e^ 

■'       -'  "  tbellum  In  FlR.  Ulmons  bitlbtj  mm- 

nonift-  DlOed.    llltoUcaiiuitsanw«iilDtlK 

The  adenomata  of  the  uterus  may  begin     deeper  i«T<m. 
in  a  simple  hyperplasia  of  the  mucous  mem- 
brane, in  which  glandular  development  is  preponderant  (see  alx)ve). 
When    the   tumor  character   becomes  established  this   new  glandular 
growth  is  commonly   in  the  form  of  irregular,   often  dilated  follicu- 
lar structures  with  a  well-marked  lumen  lined  with  cylindrical  or  cu- 


BbOWlDj;  Uie  gross  appearuice  ot  Uie  Inlerlor  ol  the  uierue  wlm  *a  adenooiaWiu  InTOlvement  Ol  tbe  eotbt 
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boidal  cells.  It  may  develop  in  irregular  papillary  masBes  (Fig.  431), 
the  more  or  less  abandaiit  fibrous  stroma  being  covered  with  irregular 
layers  of  epithelium  (Figs.  432  and  433).     The  nev  growtli  may  project 


r  THR  Uterus. 

Showing  (be  exIenaloD  ol  Uie  new  (rrowlli  lato  Ute  deeper  portlona  ot  tlia  cervtj.  The  Becllon  shows 
one  side  ot  thecercli.  Th«  epIUielluni  aver  the  ponio  Titgloalls  li Intact;  Iti  Uie  right  upper  region  Id  (be 
Of[ure  ia  seen  a  ragged  erosion  or  tbe  epllhellum  lining  the  cervical  canal  uid  the  eiposure  ot  a  portion  ot 
the  tumor  grovrth  upoo  the  free  aurtace. 

from  the  inuer  surface  of  the  uterus  in  the  form  of  ragged  lobular 
masses  (Fig.  434),  or  it  may  infiltrate  the  submucous  tissues  (Fig.  435). 
Or  growth  in  both  directions  may  occur  at  once. 

The  topographical  features  and  clinical  stories  of  many  adenomata 
of  the  uterus  are  identical  with  those  of  the  infiltrating  and  ulcerating 
carciuomata. 

Carcinoma.' — The  carciuomata  of  the  uterus  commence  most  frequently 
in  the  cervix  and  portio  vaginalis,  and  the  most  common  foi-m  is  the 
epithelioma.  The  growth  of  epitheliomata  of  the  cervix  uteri  proceeds 
under  three  tolerably  distinct  tonus  which,  however,  frequently  merge 
into  one  another. 

1.  The  flat,  ulcerating  epithelioma.  This  form  of  cancer  commeuces 
as  a  somewhat  elevated,  flat  induration  of  the  superficial  layers  of  the 
cervix,  sometimes  circumscribed,  sometimes  diflfuse.  This  induration  is 
due  to  the  growth  of  plugs  and  irregular  masses  of  epithelial  cells  into 
the  underlying  tissue  (Fig.  436).  Ulceration  usually  commences  early 
'  Consult  for  details  CulUn.  "  CarciDoma  of  the  Uterus."  1900. 
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and  may  proceed  slowly  or  rapidly.  The  edges  of  the  ulcer  are  irregular, 
indurated,  and  somewhat  elevated.  The  ulceration  of  the  new-formed 
cancerous  tissue  at  the  edges  is  usually  progressive,  so  that  the  va^iial 
portion  of  the  cervix,  the  cervical  canal,  the  vagina,  and  even  the  blad- 
der and  rectum  may  be  involved.  More  or  less  extensive  htemorrhagea 
and  necrosis  of  the  base  of  the  ulcer  are  liable  to  occur.  The  entire  cer- 
vix may  be  destroyed. 

2.  In  another  class  of  eases  the  carcinomatous  growth  develops  under 
the  form  of  papillary  or  fungous  excrescences,  which  may  form  lai^r  or 
smaller  masses  composed  of  epitheliomatous  tissue.  Hand-iu-hand  with 
this  projecting  growth  there  may  occur  an  epithelial  infiltration  of  the 
underlying  tissue  of  the  cervix.     These  growths  are  often  quite  vascular 


Bo.  488.— C*IICI  NOMA    I  EPITHELIOID)  OF  THE    CTKRUS. 

Btioiiliig  TomUjlag  epltbellal  celt  masses. 

and  may  give  rise  to  severe  hieniorrhages.     They  may  ulcerate  and  thus 
produce  great  destruction  of  tissue. 

3.  In  still  another  class  of  cases  there  is  a  more  or  less  deep  infiltra- 
tion of  the  submucous  tissue,  either  diffuse  or  in  circumscribed  uodnles, 
with  epithelial  cell  masses.  We  find  at  first,  in  the  vaginal  portion  of 
the  cervix,  in  the  submucous  connective  tissue,  either  nodules  or  a  gen- 
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era!  infiltration  of  a  whitish  new  growth.     The  cervix  theu  appears  large 
and  hard.     Very  soon  the  mucous  membrane  over  the  new  growth  de- 
generates and  fails  off;  the  superficial  layers  of  the  new  growth  undergo 
the  same  changes.     After  this  the  formation  of  the  new  growth  and  its 
ulceration  go  on  simultaneously,  producing  first  an  infiltration  and  then 
destruction  of  the  cervix,  and  often  of  a  part  of  the  body  of  the  uterus. 
The  growth  frequently  extends  to  the  vagina,  the  bladder,  and  the  rectum 
with  the  same  destructive  character,  so  that  we  often  find  the  cervix  and 
upper  part  of  the  vagina  destroyed,  and  in  their  place  a  large  ca^'ity  with 
ragged,  gangrenous,  cancerous  walls 
(Fig.   437).     Less  frequently   the 
pelvic  bones  are  invaded  in   the 
same  way.     Not  infrequently  the 
uretera  are  surrounded  and  com- 
pressed by  the  new  growth,  so  that 
they  become  dilated.     The  dilata- 
tion may  extend  to  the  pelves  and 
calyces  of  the  kidneys.     The  new 
growth   may  begin   in  the  cervix 
and  extend  uniformly  over  the  in- 
ternal surface  of  the  cervix  and 
of  the  body  of  the  uterus.    The 
entire   uterus  is  converted  into  a 
large  sac,  of  which  the  walls  are 
infiltrated   with   the  new  growth, 
while  the  internal  surface  is  ulcer- 
ating and  gangrenous.     In    some 
cases  there  is  a  considerable  for- 
mation of  new,   dense  connective 
tissue,  so  that  the  growth  has  a 
scirrhous  form. 

In  rare  cases  the  growth  begins 
in  the  upper  part  of  the  cer\'ix  or 
no.  «7.-c*RCLNo»A  OT  THK  cKRTfi  otbri.        ^^  the  body  of  the  uterus,  while  the 
THeinaitraangsnduicCTmiimrtTpe-  lower  part  of  the  cervix  ia  not  in- 

volved. In  all  of  these  cases  the 
epithelial  cells  of  the  new  growth  follow  more  or  less  closely  the  type  of 
the  epithelial  cells  of  the  part  from  which  they  spring.  But  it  has  been 
observed  that  carcinomata  developing  from  the  mucous  membrane  of  an 
inverted  uterus  may  be  of  the  squamous  celled  type. 

In  still  another  class  of  cases,  in  which  the  new  growth  may  be  in  the 
form  of  nodules,  or  diffuse  iufiltrations,  or  polypoid  masses,  or  may  pre- 
sent more  or  less  extensive  alterations,  the  cells  are  irregular,  polyhedral 
in  shape,  the  tumor  belonging  to  the  class  of  glandular  or  medullary 
carcinomata  (Fig.  438).  These  also  usually  commence  in  the  cervix, 
and,  according  to  the  views  of  many  writers,  probably  in  the  mucous 
glands. 
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In  rare  cases  the  entire  wall  of  the  ateros  is  infiltrated  with  the  new 
growth  and  the  organ  is  much  enlarged.  Gelatinous  eareitwma  Bometlmes 
occurs,  but  is  rare. 

While  we  may  for  convenience  recognize  the  above  types  of  carcinoma 
of  the  uterus,  it  should  be  borne  in  mind,  as  above  stated,  that  they  are 


ns.  438.— ClRClNOHl  or  THE  llTERCS, 
Hediillar;  tn>e. 

often  not  distinct,  and  may  merge  into  cue  another  or  exist  simultane- 
ously. Exudati\e  inflammation  is  of  frequent  occurrence  in  these  as  in 
other  tumors  of  the  uterus. 

As  a  result  of  the  ulceration  of  these  various  forms  of  carcinoma  recto- 
vaginal fistulffi  may  be  formed ;  the  lumbar  lymph-nodes  may  be  involved, 

*"       '^,-   ^  *     ^-,  <«  *^ 

<^i  ^  ^  •»/...•  .    «  ^  ^,  .  ^ 

FlH    130  — FRAOMKVT  or  DEC  ntA  I\  CLBOTT  SOU  tflMU  TBF  iTKECS 

and  metastases  in  distant  organs  are  occasionally  though  not  often 
formed.     Frequent  and  profuse  hemorrhages,  gangrenous  destruction  of 
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tissue,  the  absorption  of  deleterious  materials,  etc.,  are  apt  to  lead  to  the 
developmeut  of  a  more  or  less  profound  ansemia  and  cachexia. 

Deoidaoma  Holigniun. — Under  various  names  several  curious  tumors 
of  the  uterus  have  been  described  which  resemble  each  other,  but  which 
diflfer  in  structures  from  any  of  those  in  the  usual  lists.  They  are,  how- 
ever, most  closely  allied  to  the  sarcomata.  They  all  occur  iu  the  uterus 
after  pregnancy,  and  all  appear  to  be  derived  from  remains  of  the  decidua 


tUuoNmi— STHcmoiu. 

or  its  associated  structures  (Fig.  439).  They  frequently  give  rise  to 
hsemorrhages  aud  are  apt  to  form  metastases,  especially  in  the  vagina 
and  lungs. 

The  structure  of  these  tumors  varies  considerably.  The  most  typical 
forms  consist  of  irregular  clusters  or  trabeculie  of  lai'ge  irregular-shaped 
cells  with  prominent  nuclei  or  of  masses  of  protoplasm,  as  well  as  of 
smaller  cells.  These  cells  aud  cell  masses  often  enclose  blood  spaces  (Fig. 
440).     There  is  relatively  little  stroma — syncytioma. 

On  the  other  hand,  some  of  the  tumors  iu  which  the  connective-tissue 
elements  more  lately  share  are  appropriately  called  Sarcoma  deciduo- 
ceUulare. 

Whether  these  tumors  are  derived  from  the  f<£ta1  or  from  the  ma- 
ternal tissues  is  not  iu  all  cases  clear;  perhaps  only  one  or  both  may  in 
the  dififerent  cases  be  concerned  iu  the  growth, ' 

PABASITES  ANB  CTSTS. 

Ecbinoooooiu  has  been  found  in  the  body  and  neck  of  the  uterus,  and 
may  rupture  into  the  peritoneal  cavity  or  into  the  vagina, 

'  For  a  cartful  deBcription  and  coDsideration  of  tlieae  tumors  consult  the  article  by 
Williani*  ia  the  Jolius  Hopkins  Hospital  Iteports,  vol.  iv.,  p.  4S1,  1895;  also,  for  Bum- 
mary  and  full  bibl..  see  ]li6mer,  Cbl.  f.  Path.,  Bd.  xiii..  19®,  p.  197. 
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Cyvta. — Aside  from  the  cysts  which  develop  in  tumors  of  the  uteruB, 
the  mucouB  follicles  in  the  cervix  uteri  are  frequently  so  dilated  as  to 
form  cysts  filled  with  a  gelatinous  material  and  more  or  less  epithelium. 
These  cysts  may  be  large  or  small,  aod  ai'e  frequently  called  ovida  KabotAi 
(Fig.  426).  Sometimes  there  isau  iuflammatory  growth  of  new  connective 
tissue  about  these  cysts,  lu  other  cases  the  cysts  may  project  from  the 
mucous  membrane  in  the  form  of  polypi.  Similar  changes  are  infrequent- 
ly found  in  the  body  of  the  uterus  from  the  dilatation  of  occluded  uterine 
glands.     Dermoid  cysts  are  rarely  found  in  the  walls  of  the  uterus. 

LesionB  of  the  Placenta.' 

Aside  from  the  variations  from  the  normal  in  size,  shape,  and  posi- 
tion, for  a  description  of  which  we  refer  to  the  works  on  obstetrics,  we 
may  briefly  mention  here  some  of  the  more  important  structural  changes 
which  the  placenta  may  undergo. 

SEQEHXBATION. 

Fatty  and  amyloid  degeneration  and  calcification  of  the  placental  tissae 
are  of  not  infrequent  occurrence. 

HAHOBJtHAOB. 

This  may  occur  either  on  the  maternal  surface  in  the  decidua,  or 
between  the  ftetal  surface  and  the  membranes,  or  in  the  substance  of  the 
placenta.  The  latter  form  of  heemorrhage  constitutes  the  true  piaceitial 
apoplexy.  This  may  occur  as  the  result  of  rupture  of  a  placental  sinus. 
The  placental  tissue  is  crowded  apart,  and  a  blood  clot,  often  infiltrating 
the  parenchyma,  is  formed.  This  may  lead  to  abortion,  or  the  blood 
may  undergo  disintegration  and  absorption  and  its  place  be  occupied  by 
a  cicatrix.  The  placental  tissue  in  its  vicinity  may  undergo  fatty  degen- 
eration. Under  other  conditions,  without  evidence  of  rupture  of  the 
vessels,  the  placental  tissue  may  t>ecome  infiltrated  with  blood  in  the 
form  of  an  infarction.  In  this,  degenerative  changes  similar  to  the  above 
may  occur,  leading  to  fibrous  induration  of  the  placenta. 

The  so-called  "  infarctions  "  of  the  placenta  vary  in  size,  appearance, 
structure,  and  origin.  They  are  most  frequently  due,  according  to 
Williams,  to  an  endarteritis  of  the  vessels  of  the  choriooic  villi.  They 
appear  to  be  of  little  significance  when  of  moderate  size.' 

INFLAUHATION.     (Flacentitia.) 
Suppurative  Inflammatioa  of  the  placenta,  with  the  formation  of  ab- 
BceGses,  is  of  rare  occurrence  as  the  result  of  injury. 

>  For  a  study  of  the  placenta,  nnrmal  and  pathological,  see  Eden.  Journal  of  Path, 
and  Bact.,  vol,  iii.,  p.  449.  1896,  and  vol.  iv..  p.  gM.  1897,  bibliography. 

'For  a  study  of  placental  infarcts  see  M'illiama,  ■'Welch  Anniversary  Coatr.  to 
the  8eience  of  Medicine,"  1900,  p.  431,  bibliography. 
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Chronic  Indurative  Inflammation  of  the  placenta  may  result  in  the  for- 
mation of  circoiDScribed  masses  of  cellular  and  loose,  or  dense  and  cica- 
tricial, connective  tissue,  or  iu  a  diffuse  formation  of  connective  tissue 
which  may  interfere  with  the  natrition  of  the  foetus  and  cause  abortion. 
The  new-formed  connective  tissue  may  undergo  fatty  degeneration  or 
calcification. 

In  another  class  of  cases  the  new  connective  tissue  is  formed  mainly 
in  the  walls  of  the  vessels,  particularly  the  arteries.  This  may  occur  lu 
circumscribed  portions  of  the  vessels,  leading  te  nodular  growths  around 
the  arteries,  or  it  may  occur  extensively  along  the  various  ramifications 
of  the  vessels,  converting  them  into  thick  fibrous  cords._  The  change  is 
primarily  in  the  adventitia,  but  all  the  coats  of  the  vessel  may  become 
involved,  leading  to  more  or  less  complete  obliteration  of  the  lumen. 

Various  proliferative  and  indurative  changes  in  the  placenta  may 
occur  as  the  result  of  Byphilitio  inflammation. 

TnberonlouB  inflammation  of  the  placenta  may  occur  iu  couuection  with 
other  tuberculous  processes  in  the  mother. 

TUMOBS. 

Fragments  of  placenta  remaining  in  the  uterus  after  delivery  may 
serve  as  a  nidus  for  a  blood  thrombus,  or  they  may  undergo  prolifera- 
tion, thus  forming  tumors,  deoidnomata. 

An  hypertrophy  of  the  villi  of  the  chorion  may  give  rise  to  the  fibrous 
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structures  kuown  as  fibrous  moles.  When  to  the  fibrous  cbauge  macoas 
degenerartion  is  added  the  so-called  hydatid  moles  are  formed  (Figs.  441 
and  442).' 


Pio.  «!.— Htd*tid  Hole. 

Section  or  a  amall  portion  ghowinH  mucous  imd  eOlgbllT  gbrous  ttraue  covered  wltb  a  terer  ot  wttbelia)  cells. 

Cyata  of  the  placeuta  are  of  occasional  occurrence ;  their  origin  is  in 
most  cases  obscure.' 

The  Ovaries. 

BKalfartnatiotia, 

One  or  both  ovariea  may  be  absent,  tlic  other  orgaus  of  generation  being  also  absent 
or  undeveloped ;  or  they  may  be  only  partially  developed.  Absence  or  arrest  of  devel- 
opment of  one  ovary  occasionally  ensure  in  otberwiae  well-formed  individuals,  and  is 
sometimes  accompanied  by  a  low  position  of  ibe  kidney  on  tbe  same  side.  The  ovaries 
may  pass  into  tlie  inguinal  canal  or  iuto  tlie  labia  majora,  and  remain  fixed  tliere 
tbrougb  life.     Less  frequently  tlicy  are  found  in  the  crural  canal  or  tUe  foramen  ovale. 


Changes  in  Size  and  Position. 

The  ovaries  may  become  larger  tiiau  normal  by  chronic  inflammation,  by  the 
formation  of  cysts  and  tumors.  Tbcy  may  become  atrophied  in  old  age,  tlie  Graafian 
follicles  disappearing  and  the  organ  shrivelling  iuto  a  small,  irregular,  fibrous  body. 
Atrophy  may  be  produced  by  ascites,  by  cliroiiic  inflammation,  or  from  unknown 
causes.  As  the  result  of  the  maturing  and  rupture  of  the  Graafian  follicles,  with  and 
without  pregnancy,  the  surface  of  tlie  ovary,  which  before  puberty  is  smooth,  may 
become  roughened  by  irregular  cicatricial  depressions. 

'Consult  Mareluinil,  Zeits.  f.  Gebiirtsb.  u.  Gynftk.,  Bd.  xsxH.,  p.  405:  also  Fraen- 
M,  Arch,  f  Oynftk.,  Bd.  xlix. 

>8ce  Ahlfeldt,  Arch.  fQr  Gynakologie,  Bd.  ii..  p.  397.  FerurrMiuxUt.  ibid.,  Bd.  iv., 
p,  843.     Hofmekr,  "  Die  raenscliliche  Placenta,"  1890. 
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In  adult  life  the  ovaries  may  pass  as  hemis  into  the  inguinal  or  crurel  canal,  the 
forameji  ovale,  or  the  umbilicun.  Their  position  in  the  abilonieD  may  be  changed  by 
the  pressure  of  tumors,  the  traction  of  false  membranes,  etc.  This  may  occur  in  en- 
larged ovaries  or  in  those  of  normal  size,  and  by  the  compressioD  of  the  veins  may  lead 
to  congestion  and  chronic  inflammation  of  the  orguns. 

HYfwit^WMT*    ATTn  HLSUOBBHAOB. 

Aside  from  the  uormal  hyperfemia  of  the  ovaries  during  menstrua- 
tion, the  vessels  may  be  congested  iu  inflammation,  in  displacements  with 
interference  with  the  venous  circulation,  in  certain  diseases  of  the  heart, 
etc.,  and  may  then  be  followed  by  chronic  iudammation. 

The  menstrual  periods  are  accompanied  by  the  effusion  of  blood  into 
a  Graafian  follicle.  Normally  the  amount  of  blood  is  small,  becomes 
solid,  is  decolorized,  and  then  gradually  absorbed.  Sometime-s  the  effu- 
sion of  blood  is  much  greater;  the  follicle  filled  with  blood  is  as  large  as 
a  pigeou's  egg.  The  blood  may  remain  in  the  follicle  aud  be  absorbed, 
and  replaced  by  a  serous  fluid,  or  through  rupture  it  may  escape  into  the 
peritoneal  cavity.  Death  may  ensue  from  the  hsemoiThage,  or  the  blood 
may  collect  iu  Douglas'  cul-de-sae  and  become  encapsulated.  Htemor- 
rhages  also  occur  in  follicles  which  have  become  cystic.  Interstitial 
haemorrhage  in  the  ovary  sometimes  occurs  without  known  cause. 

XNTUUDU-TIOH.    (Oophoritis.) 

Acnte  ExDdatire  Inflammation  of  the  ovaries  oc;curs  most  frequently  in 
the  puerperal  condition,  either  as  part  of  a  general  peritonitis  or  as  a 
primary  afi'ection. 

With  puerperal  peritonitis  both  ovaries  are  usually  inflamed ;  they 
are  swollen,  congested,  soft,  infiltrated  with  scrum  or  pus,  or  gangren- 
ous. The  lesion  may  involve  principally  the  capsule,  the  stroma,  or  the 
follicles.  Inflammation  of  the  capsule  results  in  adhesions  and  collec- 
tions of  pus,  shut  in  by  false  membi'aues ;  of  the  stroma,  in  abscesses  and 
fibrous  induration;   of  the  follicles,  in  their  dilatation  with  purulent 

If  the  inflammation  of  the  ovarj'  be  the  primary  lesion  it  is  usually 
confined  to  one  organ.  The  sti-oma  of  the  ovarj'  is  infiltnited  with  serum 
and  pus,  and  may  contain  absccs.ses  of  lai^e  size.  In  other  cases  the 
ovaiy  itself  is  but  little  changed,  but  is  surrounded  by  a  mass  of  fibrin- 
ous and  purulent  exudation.  Such  independent  forms  of  ovarian  inflam- 
mation may  terminate  in  recovery;  or  the  abscesses  may  perforate  into 
the  rectum  and  vagina;  or  the  ovary  is  left  indurated  and  bound  down 
by  adhesions ;  or  the  patient  may  die. 

Acute  exudative  inflammation  of  the  ovaries  unconnected  with  the 
puerperal  condition  is  not  common,  but  it  may  occur  in  connection  with 
acute  or  chronic  peritonitis  or  perimetritis,  with  various  infectious  dis- 
eases, pytemia,  etc.     It  is  usually  confined  to  one  ovary. 

Chronic  Interstitial  Oophoritis  is  not  infrequently  preceded  by  an  acute 
inflammation,  or  it  may  gradually  develop  as  an  independent  condition, 
44 


Digitized  by  Google 


690  THE  REPBODUCTIVE  ORGANS  OF  THE  FEMALE. 

often  determined  by  some  mechanical  interference  with  the  blood  cnr< 
lent.  The  organ  may  be  increased  in  size,  owing  to  the  formation  of 
loose  cellular  or  of  denae,  firm,  new  connective  tissne.     Under  these 


no.  443.— Chronic  Oophoritis  nini  dilated  BLOOD-vtsBELg  and  Ctsts. 
1,  Deiue  fonn^ctlve-tlHue  nroma :  A.  dilated  velna  ; 


condltionB  the  blood-vessels,  especially  the  veins,  may  be  widely  dilated, 
and  cysts  in  vaiying  number  and  size  may  be  present  (Fig.  44.1).     Some- 


,— Chronic  Oophoritib  it 

f.  arUTlra  wltb  greallj  thickened  walli;  d. 


times  the  new-formed  dense  couueetive  tissue  may  be  largely  limited  to 
the  sorfiace  of  the  oi^n,  so  that  the  albnginea  may  become  dense  and 
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thick.  Under  these  conditions  the  surface  of  the  ovary  may  be  smooth 
or  roagb. 

On  the  other  hand,  the  organ  may  be  smaller  than  normal  as  the  re- 
salt  of  the  formation  of  dense  new  interstitial  connective  tissue,  and  ita 
snrface  greatly  roughened  and  distorted  (Fig.  444).  Sometimes  the  for- 
mation of  new  dense  tisane  may  be  largely  confined  to  the  walls  of  the 
arteries,  which  become  prominent  and  tortuous.  Obliterating  endarte- 
ritis is  not  infrequent.  The  atrophied  ovary  may  be  largely  made  up  of 
thick-walled  arteries  and  of  fibrous  masses  which  are  the  result  of  incom- 
plete resolution  of  the  corpora  Intea. 

Oceasioually  a  more  or  less  extensive  hyperplasia  of  cells  in  the  corpus 
luteum  leads  to  the  development  of  lai^er  or  smaller  uew-formed,  con^o- 
hited,  uodular  masses  in  the  ovary,  which  are  sometimes  regarded  as 
tumors.'  Sarcomata  of  the  ovary  appear  to  originate  in  such  an  hyper- 
plasia (see  Fig.  447). 

Tuberculous  laflanunstion  of 
the  ovaries  is  mre,  and  may 
accompany  tuberculous  inflam- 
mation of  other  organs,  par- 
ticularly the  peritoneum  and 
Fallopian  tubes.  It  usually 
results  in  the  production  of 
dense  caseous  nodules  of  con- 
siderable size. 

Sypfailitio  Inflammation  in 
the  form  of  gummata  is  un- 
common. 

TUHOBS. 

Fibroma  is  not  common  nor 
usually  of  great  importance. 
Such  tumors  may  be  small  or 
large.  They  are  usually  dense 
in  texture,  and  seem  often  to 
uriginate  in  the  tissue  formed 
in  the  closure  of  the  ruptured 
Graafian  follicle.  They  may 
contain  cysts  or  be  accompanied 
by   cysts   of  the    surrounding 

stroma.  PnpiUary  fibromata  of  the  surface  of  the  ovary  are  not  infre- 
<iueut  (Fig.  446).  They  may  contain  cysts  (Fig.  445),  and  the  growth 
may  be  transplanted  from  this  situation  to  the  general  peritoneal  surfaces 
(Fig.  348,  page  573). 

Chondroma  of  the  ovaries  is  described,  but  is  rare;  cartilage  not  in- 
frequently occurs,  however,  in  dermoid  cysts. 

'For  recent  sludiea  on  the  nature  of  Hie  corpus  luteum  see  CWn,  Arch.  f.  mlk. 
Anat.,  Bd.  Ixii..  1908.  p.  745;  also  Fraenktl.  Arcli.  f.  Oynakol.,  Bd.  Uyili.,  1908, p. 488. 
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Leiomyoma  coDtaiiiiiig  more  or  less  fibrous  tissue  is  of  occasional  oc- 
currence. 

Sarcoma  of  the  ovaries  is  not  common.     It  is  usually  priniarr,  aud 


may  apparently  develop  from  the  new-fonued  cells  of  the  corpus  liiteum 
(Fig.  447),  but  may  be  metastatic.     It  is  usually  of  tbe  spiudle-celled 


From  hypcrpluilc  w 


variety,  but  may  contain  areas  of  spheroidal -eel  led  tissue  or  more  or  less 
fibrons  tissue.  The  tumors  may  l)e  hard  or  soft,  and  are  apt  to  involve 
both  ovaries.     Endotlieliomata  may  be  found  in  tbe  ovaries  (Fig,  449). 
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Caroinoma,  usually  of  the  medullary  variety,  may  occur  as  a  primary 
tumor  of  tlie  ovaiy.  It  may  be  due  to  a  continuous  extensiou  from 
neighlwrlug  organs,  or  more  rarely  it  is  of  metastatic  origin.  Although 
the  medullary  carciuomata  are  the  most  common,  scirrhous,  melanotic, 
and  gelatiuous  forms  sometimes  occur.  Some  types  of  carciuoma  stand 
Id  very  close  relation  with  certain  of  the  cystic  adeuomata  (see  below). 

Adenoma  (Cystic  Adenoma ;  Componnd  Ovarian  Cyst). — These  growths, 
■which  may  occur  in  one  or  both  ovaries,  form  one  of  the  most  common 
and  important  classes  of  ovarian  tumors.  They  probably  origiuate  in 
the  gland  epithelium  of  the  ovary  either  before  or  after  the  formation  of 
the  Graafian  follicles.  Some  of  their  most  noteworthy  and  important 
features  depend  upon  their  tendency  to  the  formation  of  cysts.     It  should 
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be  remembered,  however,  that  the  primary  lesiou  is  a  true  new  formation 
of  glandular  tissue,  and  not,  as  in  the  case  of  most  cysts,  a  transforma- 
tion, by  retention  or  otherwise,  of  preexisting  structures. 

The  growth  primarily  consists  of  a  fibrous  stroma  in  which  are  tubu- 
lar follicles  lined  with  cylindrical  epithelium — glandular  type.  Or,  iu 
Bome  cases,  it  consists  of  papillary  outgrowths  from  a  fibrous  stroma, 
which  are  covered  with  cylindrical  epithelium — papillary  type. 

GlandiiSar  Cystadenoma. — There  is,  as  above  stated,  a  marked  ten- 
dency, in  this  form  of  adenoma,  to  dilatation  of  the  follicles  by  a  semi- 
fluid material,  and  the  formation  of  cysts.  There  may  be  a  number  of 
follicles  equally  dilated,  so  as  to  form  a  number  of  cysts  of  moderate  size 
(Fig.  450) ;  or  a  few  follicles  are  greatly  dilated  to  form  a  large  muHilocH- 
lar  cyst  with  but  few  compartments  (Fig.  448).  The  walls  of  the  cysts 
may  fuse  together  and  be  absorbed,  so  as  to  form  cue  large  cyst  divided 
by  incomplete  septa — unilocular  cygts.  The  stroma  in  which  the  follicles 
and  cysts  are  embedded  may  be  largely  developed  or  very  scanty. 


.  Fio.  MS.— Endothelioma  oi  the  Ovaht. 

The  walls  of  the  larger  cysts  are  composed  of  fibrous  tissue  which  is 
dense  in  the  outer  layers,  more  cellular  in  the  inner,  upon  which  the 
epithelium  is  placed.  They  may  be  thin  and  membranous,  or  there  is 
upon  their  internal  surfaces  an  intracystic  growth  composed  of  a  fibrous 
stroma  and  tubular  follicles.  These  secondary  follicles  may  also  be  filled 
with  fluid  and  form  larger  and  smaller  cysts.  The  intracystic  growths 
maybe  so  large  as  to  fill  up  the  original  cysts.  Sometimes  the  intracystic 
growth  presents  very  little  dilatation  of  its  follicles,  so  that  the  entire 
tumor  has  more  the  character  of  a  solid  growth  than  of  a  cyst. 
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The  cylindrical  epithelium  lining  the  cyste  usually  forms  a  single  layer 
fFig.  451),  but  several  layers  often  irregular  in  tliicktiess  may  form,  and 


FIO.   IM.-CYBTiDKJIOKi  OT  TBI  OTABT— (BCLTILOCOL*!!  OVARItN  CTSI— ADgNO-CTSIOa*). 

Tbla  pbotOBTmpblc  reprodncUon  to  about  (ouivattlu  HBUirBl  ilxa. 

owing  to  the  accumulation  of  fluid  the  cells  may  become  flattened  and 
atrophied,  or  they  may  be  fatty  or  desquamated.     The  contents  of  the 


Fib.  m.— CTBTADKNOHl  Of  lUi  OriBT— GLAHDDLIB  TTPL 

cysts  differ  considerably  in  different  cases,  and  even  in  different  cysta  in 
the  same  case.  They  may  be  tough  and  ropy,  or  gelatiuoos  or  serous; 
transparent  and  colorless,  or  yellow  or  reddish,  or  reddish-brown;  or 
they  may  be  turbid  and  colorless,  or  variously  colored — red,  brown,  or 
chocolate. 
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Chemically  tlie  cyst  cootents,  wheD  thick  and  ropy,  iticlnde  mncin  or 
paralhumiii,  and  perhax>s  other  less  well-known  compoands  belonging  to 
the  same  class.  It  is  probable  that  the  contents  of  these  cysts  are,  so  far 
as  the  mncin  and  paralbumin  are  concerned,  produced  by  a  metamor- 
phosis of  the  protoplasm  of  the  lining  cells,  similar  to  that  by  which  the 
mucin  is  produced  in  the  mucous  glands  and  in  mncous  membranes. 
The  cylindrical  cells  often  present  the  form  of  the  so-called  "beaker 
cells,"  and  in  some  cases  the  mucous  contents  of  the  cysts  are  seen  to  be 
continuous  with  the  similar  contents  of  the  beaker  cella  It  is  probable 
that  much  of  the  fluid  contents  of  the  cysts  comes  from  simple  transu- 
dation. 

Microscopically  the  contents  of  these  cysts  present  also  considerable 
variation.     We  may  find  almost  no  structural  elements,  or  there  may  be 


no,  ISS.— CTSTADINOMA  or  IHI  OT*RT-PiPlU.iHT  TTPB. 

red  blood  cells  in  variable  quantity,  and  leucocytes  in  various  stages 
of  granular  or  fatty  degeneration  or  of  disintegration.  There  may  be 
cylindrical,  or  flattened,  or  polyhedral  cells,  either  well  preser^'ed,  swol- 
len, or  in  a  state  of  fatty  degeneration,  or  fragments  of  these  cells. 
It  is  these  various  forms  of  cells,  often  more  or  less  swollen  and  in  a  con- 
dition of  more  or  less  well-marked  granular  and  fatty  degeneration,  which 
have  been  considered  characteristic  of  the  ovarian  cysts  and  are  some- 
times called  DrusdaWs  corpuscles.  'SVTiile,  however,  they  are  of  frequent 
occurrence  under  these  conditions,  they  are  by  no  means  pathognomonic, 
since  we  find  them  in  the  contents  of  various  kinds  of  cysts  and  cavitiea 
where  the  cells  are  undergoing  degeneration.  In  addition  to  the  above 
structural  elements  we  may  find  free  fat  droplets,  cholesterin  crystals, 
pigment  granules,  and  more  or  less  granular  detritus.     The  gelatinons 
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material  filling  these  cyste  is  sometimes  called  colloid,  and  the  cysts  are 
frequently  called  colloid  cysts. 

N'umerous  secondary  changes  are  liable  to  occur  in  these  cysts.  The 
cells  may  peel  off,  the  walls  of  the  cysts  atrophy  or  become  calcified. 
Suppurative  inflammation,  perforation  into  the  peritoneum,  bladder, 
vagina,  or  rectum;  heemorrhage,  gangrene,  etc.,  may  occur.  As  a  re- 
sult of  chronic  productive  processes,  the  cyst  walls  may  become  thick- 
ened and  extensive  adhesions  may  form.  Carcinoma  may  develop  from 
these  tumors. 

PapHlart/  Cj/fitadenoma.  — This  type  of  cystadenoma  was  formerly  re- 
garded as  but  a  variety  of  the  form  above  described— a  variety  charac- 
terized by  papillary  outgrowths  in  cauliflower -like  tufts  from  the  walls 
of  the  cysts,  which  often  in  large  degree  fill  the  cyst  spaces  (Fig.  452). 


Ho.  4S3.— Ul'LTIFLE  PlFILUHY  CTSIS  Of  THK   OMFNTCM,  SECONDARY  TO  i  SIMILAR  OROWtU  IN  THB 

Tbe  poplllBry  ouUirowUu  are  themHelTea  beoomfug  n>rt«ned  at  Ibelr  cenlTea.  rormliyt  aecrmiarj  cysli. 

There  appears,  however,  to  be  Bu£Bcient  evidence,  both  anatomical  and 
clinical,  to  justify  tbe  separation  of  the  papillary  from  the  glandular 
form  of  cystadenoma. 

The  papillary  cystadenomata  are  not,  as  a  rule,  as  large  as  the  gland- 
ular form.  The  cysts  are  fewer  and  they  do  not  contain  colloid  material. 
The  papillary  outgrowths  often  break  through  the  cyst  walls,  and  may 
be  transplanted  to  the  peritoneal  or  other  surfaces  in  the  form  of  multiple 
cystic  or  papillary  tumors  (Fig.  453).  The  i>apill{e  and  cyst  walls  may 
be  lined  by  cylindrical  and  often  by  ciliated  epithelium.' 

PoUioolar  Cysta  of  the  Ovary. — liie  Gnuifian  follicles  may  be  dilated  so 
as  to  form  cysts.  This  may  occur  in  one  or  both  ovaries,  and  the  cysts 
may  be  small  or  large,  single  or  multiple  (Fig.  454).  They  are  usually 
found  after  middle  life,  but  may   occur   during  youth,  childhood,  or 

e  Rutieli,  Johns  HopklcB 
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eveu  in  the  f(Btus.  The  follicles  dilate  from  the  accumulation  of  fluifl 
within  them ;  the  ovum  ia  destroyed,  the  epithelium  flattened.  The  cou- 
teuts  are  usually  serous  and  colorless,  but  may  be  viscid,  turbid,  purulent. 


At  tbe  right  an  dIiI  rorpus  luWum  la  visible. 


or  variously  colored,  red,  yellow,  or  brown.  The  ovary  may  be  crowded 
with  numerous  cyHts  of  moderate  size,  whose  adjacent  walls  may  coalesce 
and  atrophy,  forming  commnnications  between  them.' 


A  variety  of  this  tyjw  of  cyst  is  formed  by  the  dilatation  of  a  corpus 
luteum  either  with  or  without  the  hypei-plasia  of  the  wall. 

'  I.  Kahlden,  Ziegler's  BeiCr.,  Bd.  xxvii.,  p.  1,  1900,  bibliography. 
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Dermoid  Cyits. — These  cysts  may  be  niii-  or  multilocular,  are  iisnally 
of  moderate  size,  but  sometimes  becODie  as  large  as  a  man's  head  or 
larger.  Tlieir  fibrous  walls  may  be  thick  or  thiu,  aud  portions  of  the 
iuteroal  surface  may  present  more  or  less  completely  developed  cuticular 
structures,  such  as  cortum,  papillie,  epideimis,  hairs  and  hair  follicles, 
sebaceous  glauds,  etc.  The  cavity  may  coutain  a  thick,  whitish,  greasy 
material  composed  of  flattened  epithelium,  fat,  or  cholesterin  crystals. 
Or  the  cavity  or  walls  may  contain  masses  of  irregularly  formed  hair 
(Fig.  455),  teetli,  bone,  cartilage,  striated  muscle,  and  nerve  fibres  and 
cells.'  Such  growths,  which  are  doubtless  of  embryoual  origin,  may 
exist  for  many  yeai-s  without  causing  inconvenience ;  but  inflammatory 
changes  may  occur  in  them,  lending  to  adhesions  and  perforations  into 
adjacent,  oi^ns.  They  may  form  the  uidos  for  the  development  of  car- 
cinoma, or  they  may  calcify. 

In  addition  to  the  above-described  adenoid,  dermoid,  aud  simple  fol- 
licular cysts,  there  are  a  number  of  composite  forms  of  not  infrequent 
occurrence.  Thus,  in  connection 
with  dermoid  cysts  or  separately, 
there  may  be  simple  ciliated  cysts  or 
those  which  partake  of  the  chantc- 
ters  of  both  adenoid  and  dermoid 
cysts.  These  may  be  multilocular 
and  be  lined  with  flattened,  cylin- 
drical, or  ciliated  epithelium,  and 
may  contain  epidermal  cells,  choles- 
terin or  mucin,  etc. 

Small  cysts,  sometimes  pedicn- 
lated,  sometimes  not,  of  doubtful 
origin  and  usually  of  no  special  sig- 
nificance, are  frequeiitlj-  found  grow- 
ing from  the  broad  ligament  near 
the  ovary.  The  walls  are  usually 
very  thin,  lined  with  flattened  epi- 

thelial  cells,  and  the  contents  serons  |,bo>c  the  bhoao  lioamint. 

(Fig.  456). 

Temtomata  not  cystic  are  of  occasional  occurrence  in  the  ovary.' 

C]ntB  of  the  ParoTarinm,  lying  between  the  peritoneal  layers  of  the 
broad  ligament,  are  usnally  small,  but  may  be  as  large  as  a  man's  head. 
They  are  usually  lined  with  ciliated  epithelium,  but  sometimes  with  flat- 
tened non-ciliated  cells.  The  contents  may  t)e  serous,  or  may  be  thick 
aud  contain  muciu  and  paralbumin, 

'  For  B  BtuJy  of  the  iirigin  of  dermoid  cysts  of  tlie  ovary  Bee  Amtperger,  Virchow's 
Arch.,  Bd.  clvL.  p.  1.  1899.  liibliograpliy. 

'Cooflull  Wilms.  Ziegkr's  Beitr.  z.  palli.  Anat..  Bd.  !iii.,  p,  867,  18M;  for  a  sum- 
mary of  views  Bee  Antpaefi.  Bull.  UnJT.  Pa..  xvi„  1908,  837. 
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The  Fallopian  Tubes. 

TWn  1  fnnn  nf.inn  m , 

Absence  of  both  tubes  occurs  with  absence  of  the  uterus.  One  tube  may  be  absent, 
with  arrested  development  of  the  correspond  in  g  sidi:  of  the  uterua.  Both  tubes  may  be 
imperfectly  developed;  cither  of  their  ends  may  be  closed;  they  may  be  inserted  into 
the  uterus  at  aa  abnormal  place;  they  tnay  t«rmiDato  iu  two  or  three  abdominal  ostia. 

Ohauges  iB  FoaitiOQ  and  Size. 

The  Fallopian  tubes  may  participate  iu  the  various  malpoutiona  of  the  uterus  and 
ovaries;  but  they  are  most  frequently  displaced  by  the  contraction  of  adhesions  formed 
in  perimetritic  and  periovarial  inQammations. 

The  lumen  of  the  tu1)e  may  be  partially  or  completely  closed  as  the  result  of  Id- 
flammatiou  of  the  mucous  membrane ;   of  peritonitis  alK>ut  the  fimbriated  extremity; 


of  tumors  or  inflammation  of  the  uterus:  or  by  pressure  from  without,  or  by  adhesions, 
tumors,  et^;.     It  may  become  stopped  by  plugs  of  mucus  or  pus. 

Dilatation  of  the  tubes  may  be  produced  by  an  accumulation  of  catarrhal  or  other 
exudation,  when  there  is  partial  or  complete  sI«nosis  at  some  portion  of  the  tube.  The 
dilatation  may  be  moderate,  converting  the  tube  Into  a  tortuous,  sacculated  canal  con- 
taining mucous  or  serous  fluid ;  or,  more  rarely,  large  cysts  may  form  containing  several 
pounds  of  serous  fluid — kydrmalpinx'  (Fig.  457).  As  the  fluid  coliecla  the  epithelium 
may  become  flattened  or  fatty  or  may  desquamate.  InHammatioD  may  take  place  in 
the  walls  of  tlie  dilated  tube  and  the  contents  may  be  mixed  with  pus  or  blood.     Rup- 


Dijiiiztdb,  Google 


THK  EEPEODlrCTIVB  ORGANS  OF  THE  FEMALE.  701 

ture  of  dilated  lube  sometimes  occurs:  or  severe  and  even  fata!  liiemorrliage  may  lake 
place  ioto  its  cavity.  Papillary  growths  are  sometimes  found  springing  from  the  inner 
wall  of  tiic  cyst. 

HAMOBBHAaE. 
Hieuiorrh^e  into  the  tube  may  occur  iu  puerperal  women  with  retro- 
version of  the  uteruB,  with  abortions;  hiematometra  and  tubal  preg- 
aancy;  in  acute  iufectioua  diseases.  The  blood  may  undei^o  degenera- 
tive changes  and  be  largely  abiforbed,  or  it  may  escape  iiito  the  peritoneal 
cavity  and  incite  peritonitis. 

IKFLAMMATIOS.    (Salpingitis.) 

Catarrhal  Inflammation  of  the  mucous  membrane  of  the  Fallopian  tubes 
commonly  occurs  in  connection  with  endometritis,  frequently  in  the  puer- 
peral condition.  In  the  acute  stage  the  mucous  membi-ane  is  hypertemic 
and  swollen,  and  covered  with  a  mucous  or  mucopurulent  ofteu  bloody 
exudate.  The  inHanuiiation  may  subside,  leaving  no  lesions,  but  it  more 
frequputly  be(,'omes  chrottie,  and  may  then  result  iu  peritoneal  adhesions, 
thickening  of  the  walls,  oblitetiition  of  tlie  tubes,  dilatation,  etc. ;  or  the 
mucous  membrane  may  undergo  hyi>erplasia  with  papillary  outgrowth. 
Such  papillarj'  masses  may  i>artially  coalesce,  forming  on  the  accumula- 
tion of  fluid,  cyst-like  cavities  lined  with  epithelium.  Hyperplasia  of 
the  muscle  wall  of  the  tube  may  be  iissoeiated  with  these  conditions. ' 

Sappurative  Salpingitii. — (^it^irrhal  inflammation  of  the  mucous  mem- 


Tbe  dlsleoded  tube  n 


brane  may  assume  a  suppurative  character,  sometimes  in  connection  with 

puerperal  metritis  aud  peritonitis,  and  often  as  a  result  of  gonorrheal 

'  Consult  Biei,  Jour.  Eip.  Med.,  vol.  il.,  p.  847,  1897,  bibliography. 
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infection.  Under  these  conditions  the  wall  of  the  tube  may  be  involved 
and  pns  may  exude  from  the  abdominal  ends.  It  is  difficult,  in  many 
cases  of  suppurative  salpingitis  associated  with  peritonitis,  to  say  which 
is  the  primary  lesion. 

If  the  abdominal  end  of  the  tube  be  closed  by  adhesions  or  otherwiae 
there  may  be  a  considerable  collection  of  pus  in  the  tubes,  causing  dila- 
tation—j>yo«a/pin«  (Figs.  458  and  459).  Such  a  collection  may  rupture 
into  the  peritoneal  cavity,  or  the  pus  may  escape  into  a  cavity  dnit  in  by 


Fra.  456.— Ptosalfinx. 

SbowlDK  k  cyal-llke  dlaleullon  of  Ihe  occluded  lube. 

adhesions,  or  may  perforate  into  the  intestine  or  bladder.  Or  it  may 
dry  and  finally  become  calcified. 

Suppurative  salpingitis  is  mast  commonly  incited  by  the  gonococciis 
or  the  pyogenic  bacteria. 

Talwronloas  Salpingitis. — The  lesions  are  mast  frequently  seen  in  the 
later  stages  of  the  process,  when  the  mucous  membrane  is  partially  or 
entirely  converted  into  a  thick,  ciiseous,  often  ulcerating  layer  (Fig,  460). 
The  lumen  of  the  tubes  may  be  dilated,  and  the  walls  thickened  from 
chronic  inflammation.  This  lesion  may  occur  by  itself,  or  may  be  asso- 
ciated with  tuberculous  inflammation  of  the  Inngs,  or  of  the  other  genito- 
urinary oigans,  or  of  the  peritoneum.  It  usually  commences  at  the 
abdominal  ends  of  the  tubes,  and  both  tubes  are  apt  to  be  involved. 

Syphilitic  Inflammation,  manifested  by  a  diffuse  tibrous  thickening  of 
the  wall,  has  been  described. 

TTJMOES. 

Small  fibromata  and  flbro-myomata  sometimes  occur  in  the  wall  of  the 
tubes  or  in  the  fimbriie.     Small  Upomata  have  been  seen  between  the  folds 
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of  the  broad  ligameDt  in  close  connectiou  with  the  tubes.     PapiUomata 

are  rare- 
Carcinoma  of  the  tubes  is  usually,  if  not  always,  secoudary  to  carci- 

uoma  of  the  utems  or  the  ovaries. 

Cyiti,  nsnaliy  of  small  size,  sometimes  pediculated  and  with  ttun 


TUBKBCDLOCB  BALPINOITIB. 

ed  Into  a  dense  mus  ot  llbraiu  and  Docroac  Osmie  wblch  la 

walls,  are  freqiieutly  seen  in  the  peritoneal  covering  of  the  tubes  or  in 
the  fimbrife.  They  are  believed  to  be  of  embryonal  origin.  Combina- 
tion cysts  of  the  tubes  and  ovaries  are  of  occasional  occurrence — retro- 
ovarian  cysts.' 

Dilatation  of  the  tubes,  as  above  described,  may  convert  them  into 
cyst-like  structures. 

Extra-Uterine  Pregnancy. 

Tubal  Pregnancy. — The  impregnated  ovum,  in  some  way  hindered  from  passtng 
Into  ttie  uterus,  may  become  fixed  in  the  tube,  aad  lliere  develop.  The  villi  of  the 
citorion  grow  into  the  mucouB  membrane  of  the  tube,  forming  aa  incomplete  placeota. 
Rare  cases  are  recorded  in  which  the  placenta  was  situated  in  tlie  utenia  while  the 
fotua  waa  developed  in  the  tube.  The  embryo  and  its  membranes  are  developed  until 
they  reach  mich  a  size  that  the  lutie  surrounding  ihem  ruptures.    This  may  occur  in  the 

'See  Orlkmann.  Vlrchow's  Arch.,  Bd.  civ.,  p.  320,  1899.  bibliography. 
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first  month  or  not  UDlil  much  lat«r.  In  rare  cases,  when  the  wall  of  the  tube  was  ex- 
tensively involved  in  the  formation  of  the  placenta,  the  development  has  gone  od  until 
term.  The  ovum  may  remain  fn  the  tube  after  the  rupture,  or  may  escape  iato  the 
peritoQeal  cavity,  still  enveloped  in  its  membranes;  or  the  membranes  may  be  ruptured 
and  left  in  the  tube.  The  rupture  is  generally  attended  with  fatal  heemorrliage.  In 
some  cases  death  is  caused  by  the  ruplure  of  a  dilated  vein  while  the  tube  is  sUlI  intact. 
Hiemorrhagc  into  the  sar  may  occur  before  its  rupture. 

In  rare  cases  death  does  not  lake  place  and  the  foetus  Is  shut  in  by  adhesions  and 
false  membranes.  The  embryo  soon  dies.  There  may  be  a  slow  absorption  of  the  soft 
parrs  of  the  tcetus,  the  bouesarc  separated  and  left  embedded  in  a  mass  of  fibrous  tissue. 
fat,  cholcsterin,  and  pigment;  or  the  fceiua  retains  its  shape  and  becomes  mummified, 
and  may  Ihen  be  encrusted  with  the  salts  of  lime  (lichopedion). 

On  the  other  hand,  degeneration  and  gangrene  of  the  foetus  may  take  place  rapidly. 
with  inflammation  and  suppuration  of  tlie  surrounding  tissue.  There  may  be  perfora- 
tion and  escape  of  the  broken-down  ftetus  through  tlie  rectum,  vagina,  bladder,  or  ab- 
dominal wall.  The  patient  may  die  from  peritonitis  or  exhaustion,  or  may  recover 
after  the  escape  of  the  fatus.  In  some  cases  the  fietuH  may  escape  through  a  rupture 
of  the  tube  into  the  space  between  the  folds  of  the  broad  ligament. 

In  TvBO-ABDOMiNAL  pREONANCv  the  development  of  the  ovum  Is  lu  the  fimbriated 
extremity  of  the  Fallopian  tube.  Adhesions  arc  formed,  so  that  the  foetus  is  partly  in 
the  end  of  tlie  tube  and  partly  in  the  abdomen. 

Interstitial  Pheonancv.— Tlie  ovum  in  these  cases  is  arrested  and  developed  in 
the  portion  of  the  tube  which  passes  tlirough  the  wall  of  the  uterus. 

AsiwMiKAt  Pbe«sancv. — The  ovum,  after  escaping  from  the  ovary,  may  not 
enter  the  Fallopian  tube,  but  may  become  fixed  to  the  peritoneum,  usually  near  the 
ovary,  and  develops  in  that  position. 

Ovarian  Preonanoy. — The  existence  of  this  form  of  pregnancy  is  doubtful  and 
difficult  to  prove,  but  there  are  some  eases  in  which  It  seems  probable  that  the  ovum 
develops  in  its  Qraafian  follicle.  The  placenta  may  be  attached  to  the  tube  or  to  the 
abdominal  wall. 

In  ail  forms  of  extrauterine  pregnancy  the  uterus  becomes  enlarged  and  a  sort  of 
decidua  is  formed  on  its  internal  surface. 

The  Matntna. 

Halfbnnationa. 

Arrest  of  development  of  the  innmm»  occurs  with  arrest  of  development  of  the 
other  reproductive  organs,  and  les.^  frequently  alone. 

One  or  both  mamma;  may  be  absent.    Absence  of  the  nipple  is  more  common. 

Supernumerary  mammtc  and  nipples  have  been  observed  in  a  number  of  cases;  the 
glands  may  all  secrete  milk  during  laeiailon. 

Too  early  devclopmcut  ot  the  mammfc  is  sometimes  found  in  young  children  in 
ivith  abnormal  development  of  the  organs  of  generation. 


HiBHOBBHAOE. 

Ill  young  women  who  suffer  from  ameiiorrhcea  or  dysmenorrhcea, 
small  hemorrhages  sometimes  occur  in  the  inammEB  at  the  time  of  men- 
struatioii.  The  blood  may  fiud  its  way  into  the  milk  dacta  and  exude  in 
small  quantities  at  the  nipple. 

Contusions  of  the  breast  may  produce  extravasations  of  blood  iu  tlie 
mammary  gland  or  the  surrounding  connective  tissue.  This  may  become 
absorbed,  or  may  remain  and  be  surrounded  by  fibrous  tissue  or  be  con- 
verted into  cysts. 
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nrFLAMMATIOir.    (Kutitia.) 

During  lactatioii  the  nipple  is  liable  to  become  inflamed,  and  ulcers 
and  &i8nre8  may  form. 

There  is  a  form  of  eczematous  inAammatiou  of  the  nipple  and  areola 
which  tends  to  ulcerate  and  in  which  carcinoma  may  originate.  This 
is  known  as  Paget's  disease,  and  is  probably  due  to  the  preseiice  of 
coccidia. 

Acute  Exudative  Inflammation  (Hastitii), — This  occurs  most  frequently 
during  lactation;  it  also  occurs  during  pregnancy,  and  occasionally  in 
women  who  are  neither  pregnant  nor  nursing. 

The  process  may  involve  the  subcutaneous  coimective  tissue,  the 
glaud  itself,  or  the  connective  tissue  between  the  gland  and  the  wall  of 
the  thorax.  The  inflamed  tissues  are  at  first  congested,  swollen,  hard,  and 
painful.  Tlie  inflammation  may  stop  at  this  point  and  resolution  may 
take  place,  but  more  frequently  it  is  succeeded  by  suppuration.  If  the 
inflammation  involves  the  subcutaneous  connective  tissue  the  abscess  may 
be  superficial  and  may  soon  open  through  the  skin.  If  the  gland  be  in- 
volved one  lobule  after  another  may  become  affected  (Fig.  461),  so  that 
successive  abscesses  are  formed.  If  the  connective  tissue  beneath  the 
gland  be  inflamed  a  deep  abscess  of  large  size  may  be  formed,  which  usu- 
ally perforates  through  the  skin,  but  sometimes  into  the  pleural  cavity. 
In  both  these  latter  forms  of  abscess  there  is  apt  to  be  necrosis  of  large 
portions  of  tissue.  These  abscesses  may  cicatrize,  or  they  may  pass  into 
a  chronic  condition  and  remain  for  a  long  time  as  suppurating,  fistulous 


FlO.  »ei,— BirPFUlUTlVK  MAStltlB  IS  TUB  NON- FUNCTION  ATI  NQ  GLiSD. 
a,Hllkducti  h,  IntermUal  tlaue :  c.deiiBe  cwUeclloiu  ot  pug ;  d,  dllTiue  InOIIrallon  oMobule  vlth  pus. 

tracts.     Suppurative  mastitis  is  usually  due  to  the  presence  of  Strepto- 
coccus and  Staphylococcus  pyogenes. 

In  newborn  children  there  is  often  a  painful  swelling  of  the  breasts, 
which  usually  subsides  in  a  few  days,  but  may  go  on  to  suppuration. 
45 
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Epidemic  parotitis  is  sometimes  complicated  by  mastitis. 

Chronic  Inflammation  of  the  interstitial  connective  tissae  of  the  mam- 
mary gland  may  result  in  the  formation  of  dense  connective  tisane  (Pig. 
462),  with  or  without  cystic  dilatation  of  the  milk  ductB  and  atrophy  of 


PlO.  MS.-CBBONIC  iNrLUnfATTOH  OF  HjHMABT  OLAHP. 

the  glandnlar  elements.  Acute  exudative  inflammation  may  occnr  in 
a  gland  which  is  the  seat  of  chronic  inflammation,  and  abscesses  may  be 
formed. 

Cyatio  Hyperplasia. — About  the  time  of  the  menopause,  when  the  mam- 
mary gland  undergoes  involution,  the  fibrous  tissue  is  apt  to  increase. 
This  fibrous  hyperplasia  may  be  excessive,  and  is  then  frequently  asso- 
ciated with  a  cystic  dilatation  of  the  smaller  ducts.  The  epithelium  may 
become  atrophied  or  it  may  proliferate,  and  frequently  forms  papillary 
projections  into  the  dilated  ducts.  This  cystic  hyperplasia  of  the  mamma, 
when  the  epithelial  changes  are  marked,  is  scarcely  to  be  differentiated 
from  adenoma,  to  which  indeed  it  probably  frequently  leads.' 

Tnberoalom  Inflammation  of  the  mammary  gland  and  its  excretory 
ducts  is  of  occasional  occurrence.  It  may  manifest  itself  in  the  form  of 
miliary  tubercles,  larger  and  smaller  caseous  masses  of  new-formed  tissae, 
or  cold  abscesses." 

Syphilitic  ITlcen  may  occur  iu  the  nipple  either  as  primary  chancres 
or  as  mucoas  patches.     Gummy   tumors    have   been   observed   in   the 


There  may  be  a  general  hyijertrophy  of  one  or  both  breasts.  This  is 
usually  found  iu  young,  unmarried  women,  but  sometimes  in  women  iu 
ad\anced  life.  There  is  an  increase  iu  both  the  glandular  and  the  con- 
nective-tissue elements  of  the  organ. 

'  For  a  study  of  this  lesion  with  bibliograpliy  s™  Greenough  and  Hart-,eeU.  Jour 
of  Med.  Sesuarch.  vol.  ix.,  p.  416,  IMS, 

*See  a  bibliographic  Bummary  of  tuberculosis  of  the  breast  by  SctiddeT,  Am,  Jour. 
Med.  Sciences,  vol.  cxvi..  p,  75.  iv,m. 
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Pibroma. — Circumscribed  tuniore  composed  of  connective  tissue  are 
sometimes  found  in  the  breast.  They  are  dense  and  hard,  and  may  en- 
close some  of  the  gland  ducts  and  acini. 

IntracatuUicuiar  Fibroma. — These  tumors  are  formed  by  a  diffuse 
growth  of  connective  tissue,  and  a  growth  of  polypoid  fibrous  tumoi-s 
from  the  walls  of  the  milk  duets  into  their  cavities  leading  to  dilatation. 


Flo.  48a.— lNTlliCi^ 

The  glaudular  acini  may  be  atrophied,  or  enlarged,  or  cystic.  A  section 
of  such  a  tumor  loolis  lilcc  a  solid  mass  of  fibrous  tissue,  divided  by  clefts 
and  fissures  lined  with  cylindrical  or  cuboidal  epitheliam  (Fig.  463),  or 
fibrous  tissue  containing  cysts  into  which  project  polypoid  fibrous  out- 
growths from  the  walls.  Soirietimes  the  new-formed  fibrous  growths  into 
the  dilated  ducts  are  adenomatous  in  character,  containing  many  new 
formed  irregular  acini  (Fig.  464).  Such  tumors  may  be  called  intra- 
canalicular  Jihro-adeiwruala.  These  tumors  grow  slowly,  but  if  left  to 
themselves  may  reach  an  enormous  size.     The  skin  ever  them  may  ulcer- 
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ate  and  the  tumor  project  througlL  the  opeuing  iu  fungous  masses.     They 
may  be  associated  vith  iaterBtitial  iibroiis  hyperplasia  of  the  gland. 

Perieanalieular  Fibroma. — Sometimes  the  new  connective  tissue  forms 


le  flbnni».tliHue  mass  growing  Ink)  a 


a  more  or  less  thick  cylindrical  investment  of  the  duet  without  growing 
Into  its  lumen.  This  formation,  which  is  shown  in  Fig.  465,  is  some- 
times eailed  peruiavaUcuiar  Jibroma. 
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Hyzomo. — This  form  of  tumor  may  occur  as  a  circumscribed  growth 
repliveing  part  of  the  mamma,  or  it  may  be  developed  in  the  same  way 
a^  the  iiitracaualicular  fibromata.  It  is  uot  uncommon  in  these  intra- 
canalicular  tumors  to  find  a  conibinatiou  of  fibrous,  mucous,  and  sarcom- 
atous tissue  in  the  same  tumor. 

Chondroma  is  a  very  rare  form  of  tumor  in  the  mamma.  A  few  cases 
have  been  described  in  which  it  was  combined  with  carcinoma. 

Adenoma.— Tumors  composed  of  glandular  acini  and  ducts  surrounded 
by  connective  tissue  are  of  frequent  occurrence  iu  the  mamma  (Fig. 


FlU.  «8.-iDIN01ll*  > 

Tnie  of  adnl  lined  wllb 

468).  They  are  either  single  or  multiple,  or  several  may  be  developed 
successively  iu  the  same  breast.  They  grow,  as  a  rule,  at  first  slowly, 
afterward  more  rapidly.  Their  structure  may  be  further  complicated 
by  the  dilatation  of  one  or  more  of  the  ducts  which  compose  the  tumor 
into  cysts,  and  the  ingrowth  of  connective  tissue  from  the  walls  of  these 
cysts.     This  growth  is  often  in  papillary  form— jwpifiary  cysUidetwma — 


FlO.  (flT.—ADENOUA  or  THI  HAXHA. 

Type  it  HFlol  llD«d  with  lireftular  FpltbeElal  cell  muses. 

(Fig.  469).     A  ciise  of  cystic  adenonm  with  ciliated  epithelium  has  been 
described. ' 

While  preseriing  the  gland  type  the  adenomata  present  great  variation 
in  the  form  and  grouping  of  the  epithelial  cells  of  the  ducts  and  aciui, 
so  that  here  as  elsewhei-e  various  intermediate  forms  may  be  found  be- 
tween adenoma  and  carcinoma.'  The  new-formed  glandular  epithelium 
often  presents  two  types,  one  in  which  the  cells  are  fairly  distinct  and 

Do,  1899. 
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cuboidal  or  cylindrical  (Fig-  466),  aud  the  other  in  which  the  cells  pro- 
ject into  the  lumiDa  in  irregular  masses  (Fig.  467). 

Saroomo. — These  tumors  may  develop  in  a  nodular  or  diffuse  form 
and  may  largely  replace  the  gland,  or  may  form  intracanalicnlar  growths. 
They  may  be  of  the  round  or  spindle  ceil  type ;  they  often  t)ecome  very 
large,  and  ulcerate.     Metastasis  in  the  axillary  lyniph-iiodea  is  usual. 

Primary  Carcinoma  of  the  mamma  is  most  common  in  women  between 
the  ^65  of  thirty-five  and  fifty-five,  bnt  it  sometimes  occurs  in  women 
not  over  twenty,  and  sometimes  iu  old  persons.  It  occurs  in  either 
breast,  in  the  right  rather  more  frequently  thau  in  the  left,  but  some- 
times in  both.  The  growth  begins  more  frequently  at  the  periphery  of 
the  gland  than  at  its  centre,  and  more  frequently  in  the  upper  edge  of 
the  gland  than  in  any  other  place. 

The  growth  most  frequently  begins  as  a  small,  circumscribed  nodule, 
which  enhiTges  and  involves  more  and  more  of  the  breast ;  sometimes, 
however,  it  is  diffuse  from  the  first,  and  sometimes  it  b^ns  in  the  nipple. 

It  may  infiltrate  the  adjacent  tissues  and  the  axillary  and  cervical 
glands,  and  form  metastatic  tumors  in  different  parts  of  the  body. ' 

The  local  extension  of  carcinoma  often  takes  place  through  the  lymph- 
vessels  which  pass  along  the  fibrous  trabeculie  of  the  periglandular  fat; 


iT'tormed  adnl  while  m 


80  that  bands  of  fibrous  tissue  harboring  tumor  cells,  with  their  active 

i  of  tbe  bi'east  see  StiUi,  Brit.  Hed. 
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capacity  for  growth,  may  exteud  far  from  the  ceDtral  mass  (Fig.  470). 
Fibrous  bauds  of  such  Bignificaoce  are,  iu  the  early  stagem  of  extension, 


FlO.  4W.— FAPIU.1HV  CVaTjLD(.-JOMA  Or  THE  HAHHA. 

not  to  be  differentiated  from  the  normal,  either  by  the  touch  or  by  the 


Fia.  *70.— Cakcinoma  or  the  MaHua— fiUHurs  Ttpi— SCIBWlt'B. 
The  Pippin  111  relraetisd  by  Ibe  shrlnkajTB  ot  ibe  Bbiwis  llBSue.    TlieKrowUitaeiteDdliiBBloogl'lenbrouB 
bonda  of  (be  mamiiiHry  lot  and  U  tbe  lell  liu  reacbed  Itae  plane  ol  eiclBlon.    The  darker  partialis  In  tlie 
flmire  toe  lobules  ol  fat. 


Dijiiiztdb,  Google 


712  THE   KEPKODUUTIVB   ORGANS   OF  THE   FEMALE. 

eye.  Even  with  the  microscope  it  is  often  impossible  to  determine 
whether  small  spheroidal  or  polyhedral  cells  whirh  are  not  character- 
istically grouped  in  these  fibrous  bands  are  epithelial  in  character  or  not. 
It  is  such  cells,  frequently  left  behind  in  other  than  thorough  operations, 
which  give  rise  to  local  recurrence. 

The  medullary  amdySfrom  types  are  most  common;  the  gelatinous  is 
rare.  In  any  of  these  forms  of  cancer  there  may  be  cystic  dilatations  of 
the  ducta  and  acini.  Epithelioma  may  form  at  the  nipple.  Secondary 
carcinoma  of  the  mamma  is  rare.  Retraction  of  the  nipple  is  common  in 
later  stages  of  fibrous  types  of  mammary  cancer  (see  Fig,  470). 

Cysts  of  the  mamma  seem  to  be  for  the  most  part  retention  cysts, 
formed  by  the  dilatation  of  the  glaud  ducts  or  acini.  During  lacta- 
tion such  retention  cysts  are  sometimes  formed,  and  then  contain  milk. 
They  may  reach  an  enormous  size.  At  other  times  retention  cysts  are 
formed  containing  serous  or  viscid,  brownish  fluid,  which  often  exudes 
through  the  nipple.  These  cysts  may  be  lat^e  or  small,  single  or  multi- 
ple. There  are  usually  at  the  same  time  some  growth  and  iuduration  of 
the  connective  tissne  of  the  glaud.  In  some  cases  there  are  polj'poid 
outgrowths  of  connective  tissue  from  the  wall  of  the  cyst.  These  cyst& 
are  not  to  be  confounded  with  the  cysts  which  are  developed  witli  the 
intracanalicolar  tumors,  described  above. 
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BEFBODUCTIVE  OBaANS  OF  THE  HALE. 


Hftlfonnalions* 

The  penlamay  be  absent  witli  gruat  defects  of  development  of  the  reel  of  tbe  body. 
The  uretbra  then  usually  opeoa  into  the  rectum. 

An  abnonnally  small  penis  may  be  associated  with  absence  or  arrested  develop- 
ment of  the  testicles.    The  prepuce  may  be  rudimentary  or  absent. 

Congenital  phimosis  is  not  uncommoD. 

Htpospadias  is  an  arrest  of  development  of  the  penis  and  scrotum.  In  its  high- 
est degr«e  the  penis  is  short,  the  glans  penis  small.  On  the  lower  side  of  the  penis  is  a 
deep  cleft  lined  with  mucous  membrane.  Into  this  cleft  the  urethra  opens  at  the  root 
of  Ute  penis,  Thescrotum  remtuns  separated  into  two  halves,  resembling  labia  majora. 
The  testes  may  descend  into  their  proper  pocdtion  on  each  side  or  remain  in  the  abdo- 
men. If  the  testicles  continue  to  develop  normally  the  individual  has  the  appearance 
and  capacities  of  a  man ;  if  their  development  is  arrested  the  individual  is  apt  to  be  of 
feminine  type. 

In  iessergradesof  hypospadias  the  two halvesof  the  scrotum  are  joined  and  the  penis 
is  larger,  but  a  part  of  Uie  urethra  remuns  open  as  a  cleft  at  some  point  of  the  penis. 

GpiBPADtAS  is  an  opening  of  the  urethra  on  the  upper  side  of  the  penis.  It  pre- 
sents various  grades  and  forms. 

Hermaphroditism. — This  is  a  union  of  two  sexes  in  the  same  person,  the  test  of 
which  is  the  presence  of  thesecreting  organs,  the  ovaries  and  testicles.  True  hermaph- 
roditism is  rare,  but  it  does  occur,  while  most  of  the  conditions  called  hermaphrodit- 
ism are  in  reality  due  to  varying  maiformatlons  of  the  external  generative  organs. 

P»eado-hermaphToditi»ni. — In  the  male,  normally,  the  greater  part  of  MDIler's  canal 
disappears  and  its  lower  end  forms  the  veslcula  prostatica.  In  this  malformation 
MUller's  canal  is  changed,  as  it  is  in  the  female,  into  Fallopian  tubes,  uterus,  and 
vagina,  while  at  the  same  time  the  testes,  epididymides,  vesiculee  seminaies,  and  sper- 
matic cord  are  formed  as  usual.  In  the  lesser  degrees  of  this  malformation  we  find,  in 
the  place  of  the  vcsicula  prostatica,  a  pear-shaped  sac  as  large  as  a  pigeon's  egg,  with 
muscular  walls  and  an  epithelial  lining.  This  sac  may  be  Incompletely  divided  Into  a 
uterus  and  vagina,  and  it  opens  into  the  urethra.  In  the  higher  grades  we  find  a  well- 
formed  vagina  and  uterus.  The  uterus  may  or  may  not  have  Fallopian  tubes.  The 
testicles  are  usually  retained  in  tlie  abdomen  or  inguinal  canals,  and  are  small.  The 
spermatic  ducts  run  on  the  sides  of  the  uterus  and  open  into  the  urethra  or  are  closed. 
The  penis  and  scrotum  appear  as  in  hypospadias,  or  are  well  formed.  Tbe  appearance 
of  the  individual  varies  with  the  development  of  the  testicles. 

TYiie  Hermitpkroditiim  may  be  lateral.  In  this  condition  there  is  hypospadias;  a 
vagina  and  uterus  and  a  Fallopian  tube  and  ovary  arc  on  one  side,  and  a  testicle  and 
spermatic  cord  on  the  other. 

In  certain  cases,  which  may  be  called  bilateral  liermaphrodilism,  there  is  a  testicle 
on  one  aide  and  an  ovary  on  the  other.' 

Enlargement  of  the  Penis  is  sometimes  caused  by  venous  congestion  from 
heart  disease ;  by  long -con  tinned  masturbation,  as  a  result  of  whicli  the  corpus  cavemo- 

I  For  a  detailed  consideration  of  the  malformations  of  the  male  and  female  genera- 
tive organs  consult  Slebt,  "Handbuch  der  pnthologischen  Anatomic,"  and  more  recent 
cases  of  herniaplirodltism  by  lleirpner.  Arch.  f.  Anat.  u.  Physiol,  1870,  and  by  Ilof- 
manii,  Wien.  med.  Jahrb,,  1817. 
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sum  may  lose  its  contractility ;  and  ia  rare  cases  by  liyperplasia  of  the  etroma  of  the 
corpus  caTemoeum. 

nrJUBT  AND  HiBHOBBHAOE. 

Injuries  to  the  peiiis  are  liable  to  give  rise  to  severe  htemorrh^^e  on 
account  of  its  peculiar  raacalar  character ;  suppurative  inflammatiou, 
gangrene,  iiifiltratiou  with  urine  aud  its  conseqneuces,  are  also  liable  to 
occur.  The  contractions  of  the  cicatricial  tissue  by  which  wounds  are 
healed  frequently  give  rise  to  various  distortions  of  the  organ. 

INFLAHKATIOZr. 

BaUnitlB — inflammation  of  the  glans  penis  and  the  prepuce — is  usually 
due  to  gonococcal  or  syphilitic  infection,  or  it  may  be  incited  by  foul 
accumulations  of  smegma.  The  parts  are  red  and  swollen  and  may 
ulcerate.  Condylomata  may  be  formed,  and  adhesions  between  the  pre- 
puce and  glans.  The  glaus  may  ulcerate  and  the  prepuce  may  be  much 
thickened.  If  the  prepuce  be  long,  pkivwma  may  occur  with  the  accumu- 
lation of  exudate  beneath.     The  prepuce  may  become  gaugrenons. 

Paraphimosii  ia  produced  by  the  retraction  of  a  narrow  prepuce  be- 
hind the  glans,  with  consequent  stricture,  inflammation,  and  sometimes 
gangrene. 

InflammatiDn  of  the  Corpora  Cavernosa  may  be  the  result  of  injury,  may 
follow  fistulffi,  may  occur  in  connection  with  inflammation  of  the  connec- 
tive tissue  of  the  pelvis,  and  may  accompany  the  acute  infections  dis- 
eases. It  may  result  in  fibrous  induration  of  portions  of  the  corpora 
cavernosa;  rarely  in  absceas  or  diffuae  purulent  infiltration ;  sometimes 
iu  gangrene.  Lai^er  and  smaller  masses  or  plates  of  very  dense  fibrous 
tissue  sometimes  form  iu  the  sheath  of  the  corpora  cavernosa  witliont  his- 
torj-  of  antecedent  lesion. ' 

Tnberonlons  influnmatioii  of  the  penis  has  repeatedly  followed  circum- 
cision performed  by  uncleanly  tuberculous  persons. 

Syphilitic  Ulcers  frequently  occur  on  the  glans  penis  and  prepuce. 
The  indurated  chancre  is  formed  either  from  an  excoriation  in  which 
a  pustule  is  formed  or  from  a  little  nodule.  The  pustule  breaks  and 
its  walls  are  infiltrated  with  small  round  cells.  The  nodule  softens, 
breaks  down,  and  forms  an  ulcer  whose  walls  are  infiltrated  with  cells. 
Syphilitic  condylomata  are  of  frequent  occurrence  on  the  glans. 

Herpes  of  the  prepuce  occurs  in  the  form  of  small  vesicles,  which  may 
later  become  ulcers.  Hrysipelatons  and  famncular  inflammation  some- 
times involves  the  skin  of  the  penis. 


Papilloma  is  found  on  the  prepuce  and  glans  i}enis.  It  occurs  in  the 
form  of  little  warty  growths,  or  of  composite,  cauliflower  masses,  even 
as  large  as  a  fist.     In  either  case  the  structure  is  the  same — hypertro- 


'  For  a  study  with  bibliography  of  indurations  \u  the  corf 
Saelu,  Wieufir  kbn.  Wocbensclir..  JBDiiary  31st,  1901. 
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phied  papillffi  covered  with  epitlielinm.  Sometimes  the  epithelial  layers 
become  thick  and  horny,  forming  large,  dense  projections. 

Fibroma  difhuoni,  or  elephantiasis  of  the  prepuce,  may  occur,  leading 
to  great  thickening.  It  is  due  to  a  diffuse  growth  of  fibrous  tissue  in  the 
cutis.  Lipoma,  angioma,  oiroamsoribed  fibroma,  and  sebaceous  cysts  may  oc- 
cur in  the  penis.  Carcinoma  is  usually  of  the  epitheliomatous  type.  It 
is  most  frequent  in  the  prepuce  and  glans  penis.  It  may  have  the  form 
of  A  flat  ulcer,  or  of  infiltrating,  ulcerating  nodules,  or  it  may  be  papil- 
lary. Such  growths  may  attain  great  size,  ulcerate,  or  undergo  a  variety 
of  inflammatory  changes.  Carcinoma  may  involve  the  entire  skin  of  the 
penis  or  may  invade  deeper  parts.  The  inguinal  glands  may  be  involved. 
Distant  metastases  are  not  frequent. 

Medullary  or  glandular  carcinoma  of  the  penis  is  not  common.  It 
may  be  secondary  to  carcinoma  in  some  other  part  of  the  body. 

Dermoid  tumors  of  the  penis  are  of  occasional  occurrence." 

Caloifioation  and  Oasifioation  of  the  connective  tissue  of  the  corpora 
cavernosa  sometimes  occur.  Lai^e  and  small  preputial  calculi  are  occa- 
sionally found  between  the  prepuce  and  the  glans.  These  may  be  formed 
in  situ,  may  come  from  the  bladder  or  from  without,  and  may  later  in- 
crease in  size. 

The  Scrotum. 

The  skin  of  the  scrotum  is  subject  to  the  various  forms  of  lesions 
which  may  occur  in  any  part  of  the  integument. 

Zlepbaotiasis  of  the  scrotum  consists  in  the  main  of  a  development  of 
new  connective  tissue  in  the  cutis,  whicb  is  sometimes  accompanied  by 
dilatation  of  the  lymph-vessels;  thus  the  thickened  scrotum  may  form  a 
large  tumor,  often  rough  upon  the  surface,  which  may  entirely  cover  in 
the  penis. 


Lipoma  and  fibroma  occur.  Epitheliomata,  in  the  form  of  flat  or 
papillary  ulcerating  tumors,  are  of  frequent  occurrence  among  chimney 
sweepers,  and  may  lead  to  extensive  ulcerations  of  the  adjacent  parts  and 
invohement  of  neighboring  lymph-nodes. 

Dermoid  Cyrts  and  Teratomata  of  the  scrotum  are  not  uncommon.  In 
very  rare  cases  tiiraorfi  containing  a  considerable  portion  of  a  fcetal  skele- 
ton have  been  found  in  the  scrotum.  Occasionally  the  skin  of  the  scrotum 
is  beset  with  numerous  latter  and  smaller  sebaceous  cysts,  which  raise 
the  surface  into  little  globnlar  or  wart -like  projections. 

The  Testicles. 

Ualfbrmationa. 
Absence  of  iMth  tcBticles,  eltbcr  with  or  without  absence  of  the  epididymides, 
Epennatic  cords,  and  vesiculte  eeminalee,  occurs  in  rare  casea.     The  scrotum  la  only  indi- 
>  Qenilanot.  Dent.  ZeJta.  f.  Chlr.,  Bd.  Iv.,  p.  326. 
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cated  or  may  contain  the  epididymides.     The  penis  is  small,  and  the  individuals  are 
small  and  poorly  developed. 

The  testes  may  be  imperfectly  developed.  The  individuals  are  eSeminate.  Ab- 
sence of  one  testicle,  with  healthy  development  of  the  other,  is  more  frequent.  The 
corresponding  epididymis  and  cord  may  be  absent  or  present. 

The  spermatic  cords  and  veslcuhe  semlnales  may  be  absent  or  imperfectly  devel- 
oped on  one  or  both  sides,  while  the  testes  are  Dorraal. 

Crvptorchismcb. — Either  one  or  both  testicles  may  remain  permanently  in  their 
f<Etal  podtion,  or  may  not  descend  into  the  scrotum  for  several  yeaisafter  birth  (cry  ptor- 
chismus),  ornot  at  all.     This  condition  may  be  due  to  an  arrest  of  development  in  the 
testes  or  the  guhemaculum  testis;  ailhesions  produced  by  ant«uatal  peritonitis:  nar- 
rowing of  the  inguinal  canal;   narrowing  or  shortening  of  the  vaginal  proeeaa  of  the 
peritoneum;  or  to  abnormal  size  or  position  of  the  testicle.     Usually  the  malformation 
is  confined  to  one  testicle,  and  then  is  more  frequent  on  the  left  side.     The  testicle  is 
usually  tound  in  the  abdomen  close  to  the  mouth  of  the  inguinal  canal,  or  in  the  ingui- 
nal canal  just  below  the  external  ring;  but  it  may  be  beneath  tlie  skin  In  the  perineum, 
or  In  the  crural  canal  with  the  femoral  vessels,  or  elsewhere.     The  retained  testis  is 
usually  not  fully  developed,  or  undergoes  fatty  degeneration  or  fibrous  hyperplada. 
The  retention  of  one  or  even  of  both  testicles  docs  not  preclude  the  possibility  of  pro- 
creation.   Retained  testicles  are  prone  to  in- 
flammatory  changes  and  liable  to  become  the 
seat  of  malignant  tumors. 

Sometimes,  while  the  testis  is  retained,  the 
epididymis  and  spermatic  cord  descend  Into 
the  scrotum.  In  rare  cases  the  position  of  the 
testis  may  be  changed  so  that  the  epididymis 
and  cord  are  in  front.  The  existence  of  a  su- 
pernumerary testis  has  been  asserted. 

Varicocele, 

In  varicocele  the  veins  of  the  spermatic 
cord  are  dilatetl,  oflen  forming  tortuous  masses 
of  congldemble  size  (Fig.  471). 

Hydrocele. 

In  kydroeele  of  the  tuniat  taffiaali»  tlicrc 
is  au  accumulation  of  fluid  in  tlie  cavity  of  the 
sac.  It  is  usually  unilateral  and  is  usually 
associated  with  acute  or  clironlc  inflammation 
of  the  tunica  vaginalis,  varicocele,  or  general 
dropsy.  The  serum  is  present  in  small  or  in 
large  cjuantity;  it  is  usually  transparent,  may 
coutain  chojesterln,  of  bo  purulent  or  mixed 
with  blood.  The  tunica  vaginalis  remains 
unchanged,  or  is  thickened,  or  contains  plates 
.  of  bone,  or  is  covered  with  polypoid  fibrous 
bodies  whicli  may  fall  off  and  be  found  free  in 
the  cavity  of  the  sac.  Tliere  may  be  adhesions 
between  tlie  layers  of  the  tunica  vaginalis,  and 
in  this  way  the  fluid  becomes  sacculated.  The 
testis  is  pushed  downward  and  backward;  it 
"  remains  unchanged  or  fs  atrophied. 

a  beeD  '"  ^ff^roctle  of  tlie  proreuut  vaginalU  there 

is  an  iu;cuniulation  of  serum  in  the  cavity  of 
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tlie  vaginal  process  of  tlic  peritoDeiim,  nhlcb  remains  ojjcd  aTier  tlie  liesceut  of  llie 
tcstick.    There  nre  aeveml  varieties. 

{(()  The  vBgiual  process  Is  entirely  opeu  and  there  is  a  free  eommunicBtion  wltli  Ibe 
peritoneal  cavity.  The  serum  may  originate  in  the  cavity  of  Ihe  peritoneum  or  of  llie 
vaginal  process,  aoit  passes  freely  from  one  to  tlie  other. 

(6)  The  processus  vaginalis  is  closed  to  the  inguinal  canal,  while  its  lower  portion 
is  filled  with  serum. 

(c)  The  processus  vaginalis  is  closed  about  the  testis  and  the  visceral  layer  of  the 
tunica  vaginalis  is  formed.  The  serum  accumuhitea  In  the  upper  part  of  the  vaginal 
process  wliicli  communicates  with  the  peritoneal  cavity. 

(f/)  The  vaginal  process  is  closed  in  the  Inguinal  canal  and  over  tlie  testis:  the 
serum  accumulates  so  as  to  form  one  or  more  sacs  between  these  two  points.  Inguinal 
hernia  may  com|)licatc  Ihls  form  of  hydrocele. 

In  hydroeeU  </  the  uptrmalic  (ord  there  is  general  O'dcma  or  the  development  of  cir- 
cumscribed  cysls  in  the  connective  tissue  of  Ilie  cord, 

A  peculiar  type  of  hydrocele  Is  formetl  by  the  accumulation  of  serum  in  the  sac  of 
an  inguinal  hernia  from  which  the  iDUstlne  hus  become  retracted, 

Hmmatocale. 

In  biematoceic  of  the  tunica  vaginalis  theiii  is  an  effusion  of  blood  into  the  cavity 
of  this  sac.  It  may  occur  in  injury;  in  scurvy,  or  with  the  hiemorrhagic  diathesis;  or 
it  may  complicate  a  pre-existiug  hydrocele.  The  effused  blood  usually  soon  degen- 
erates, and  the  sac  is  filled  witli  a  brownish  fluid  or  a  thick,  grumous  mass.  The  tunica 
vaginalis  may  be  thickened.     The  testis  remains  normal  or  is  atrophied. 

Effusion  of  blood  into  Ihe  loose  conneclive  tissue  of  the  scrolum  is  often  called 
ezlratiigiiml  hmnaioctU. 

Hainiatocele  of  the  spermatic  cord  occurs  in  rare  cases  as  a  diffuse  infiltration  of 
blood  in  the  connective  tissue  of  the  cord.  Or  blood  may  be  efluscd  into  a  hydrocele  of 
the  cord. 

Sp«rmatoceU. 

Cysts  containing  spermatic  fluid  not  infrequently  arise  from  the  epididymis  or 
from  the  rete  testis.  These  sometimes  acquire  a  large  sii«:  and  crowd  the  tunica  vag- 
inalis before  them,  so  that  they  aimuhite  a  collection  of  fluid  in  the  cavily  of  the  latter. 
Tlie  wall  of  the  cyst  maybe  lined  with  ciliated  or  with  flatlcned  epithelium.  The 
contents  are  sometimes  simply  serous,  but  more  frequently  opalescent,  and  may  contain 
spermatozoa. 

ATBOPHT. 

Atrophy  of  the  testicle  may  occur  iii  old  age  or  io  persons  who  are  in 
a  condition  of  premature  senility ;  or  as  the  result  of  pressure  from  her- 
nife,  hydrocele,  or  inflammatory  products. 

TTim.ATunrATTftw     (Orchitis.) 

Inflammation  of  the  testicles  may  follow  injuries,  exposure  to  cold,  and 
inflammation  of  the  nrethra ;  it  may  occur  in  pai-otitis  or  with  syphilis 
and  various  other  infectious  diseases.  The  testes,  epididymis,  or  tuuica 
albuginea  may  be  principally  involved.  Usually  only  one  testicle  is  in- 
flamed, sometimes  both.     The  inflammation  may  extend  to  the  vas  def- 

AcQte  Exndative  Orchitis  is  most  frequent  in  the  epididymis  and  tunica 
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albagiuea.  Wbeu  the  testis  is  involved  the  oi^au  is  congested  and  in- 
filtrated with  serum  or  pus.  Prom  this  condition  it  may  retarn  to  the 
normal  state ;  or  small  abscesses  may  form  which  may  be  absorbed,  or 
increase  in  size  so  as  to  involve  nearly  the  entire  organ.  They  may 
perforate  externally,  and  then  healing  may  occtir  by  means  of  granula- 
tion tissae;  or  extensive  gangrenous  destruction  of  the  scrotum  may 
occur.  Abscesses  may  become  enclosed  in  a  fibrous  capsule,  when  the 
contents  may  dry  and  become  caseous  or  calcified,  and  so  persist  for  a 
long  time. .  The  acute  inflammation  may  become  chronic. 

Acute  epididymitis  is  frequently  the  result  of  gonorrhceal  infection, 
and  may  or  may  not  be  associated  with  inflammation  of  the  testis.  The 
products  of  inflammation  may  collect  in  varying  quantity  in  the  lumina 
of  the  seminiferous  tubules  and  in  the  ducts  of  the  epididymis,  and  the 
epithelium  of  these  stractures  may  degenerate. 

Chronic  Orchltii  occurs  as  a  sequel  of  acute  inflammation  or  as  an  In- 
dependent process.  It  may  involve  the  testis,  the  epididymis,  or  the 
spermatic  cord.  The  seminiferous  tubules  may  be  filled  with  desqua- 
mated and  degenerated  epithelium ;  they  may  be  atrophied,  or  their  walla 


Fia.  472.— CaRUNic  Intfrstitial  Orchitis  with  Atrofht  or  the  SiminmRocH  TraiiLis. 
a.  TUckeDed  lnl«mittal  Uuue :  c,  tblckened  membreiui  propria  of  tbe  lubulea ;  d,  aeptratM  epltbeUal  cell 


may  t>e  greatly  thickened  so  that  they  are  converted  into  dense  fibrous 
cords,  with  partial  or  complete  obliteration  of  their  lumina.  There  is 
usually  a  marketl  iucrea^  in  the  interstitial  tissue,  which  causes  atrophy 
of  the  tubules  (Fig.  472).  The  aibuginea  msiy  be  greatly  thickened.  In 
some  cases  the  testis  is  converted  into  a  iua.ss  of  dense  fibrous  tissue,  in 
which  but  little  trace  of  the  original  structure  can  be  made  out.  The 
new-formed  fibrous  tissue  may  become  calcified.  A  periorchitis  may 
lead  to  thickening  and  union  of  the  layers  of  the  tunica  vaginalis  testis. 
Abscesses  are  not  infrequent  in  connection  with  chronic  orchitis. 
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Toberonloiu  Orchitu  may  occur  in  connectiou  with  tuberculosis  of  the 
other  geuito-ttrinary  organs  or  the  lungs,  in  acute  general  miliary  tuber- 
culosis, or  independently.  It  usually  originates  in  the  epididymis,  and 
may  extend  from  there  to  the  testis;  or  it  may  commence  in  the  testis. 
The  appearances  which  the  testicles  present,  when  they  are  the  seat  of 
this  form  of  inflammation,  are  exceedingly  varied  and  often  difBcult  of 
interpretation.  This  is  partly  due  to  the  complex  structure  of  the  organ, 
partly  to  the  varied  complicating  simple  inflammatory  changes  which 
the  different  parts  of  the  organ  andergo  in  connection  with  the  tuber- 
culous lesion. 

We  may  find  in  the  testicle  small  circumscribed  masses  of  cells,  visi- 
ble to  the  naked  eye  as  whitish  spots,  which  are  sometimes  composed  of 
small  spheroidal  cells  or  of  larger  polyhedral  or  fusiform  or  round  cells. 
These  occur  in  the  walls  of  seminiferous  tubules  and  blood-vessels,  and 


FlO.  478.— TnBIBCULODB  OKCBlTm. 

in  the  interstitial  tissue.  Sometimes  associated  with  these  smaller  nod- 
ules, and  sometimes  not,  we  find  larger,  irregular  yellowish  or  gray 
cheesy  masses,  which  may  be  formed  by  the  confluence  and  degeneration 
of  the  smaller  nodules  (Fig.  473).  The  cheesy  masses  may  break  down 
and  open  externally,  giving  rise  to  fistulse,  gangrenous  inflamuiatiou,  etc. 
Hand-in-hand  with  this  distinctly  tuberculous  nodular  formation  of 
tissue,  which  is  disposed  to  d^enerative  changes,  there  are  various  more 
or  less  diff^ise  alterations  of  the  parenchyma  and  interstitial  tissue  of 
the  oi^n  which  often  constitute  a  most  prominent  feature  of  the  lesion. 
The  interstitial  tissue  may  be  more  or  less  densely  and  diffusely  in- 
flltrated  with  small  spheroidal  cells.  The  arteries  are  often  the  seat  of 
obliterating  endarteritis.  The  walls  of  the  seminiferous  tubules  may  be 
very  much  thickened,  so  that  the  lumen  may  be  entirely  obliterated. 
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The  epithelium  lining  the  tubules  may  be  fatty,  disintegrated,  and  peeled 
off,  or  it  may  have  largely  disappeared.  The  lumen  of  the  tubules  may 
be  filled  with  a  granular,  nucleated  mass  which  iu  transverse  sections 
looks  like  a  giant  cell.  The  thickened  walls  of  the  tubules  may  be  iu- 
filtrated  with  small  spheroidal  cells,  so  that  the  underlying  stroma  is 
scarcely  visible.  When  this  occurs  iu  connection  with  a  similar  infiltra- 
tion of  the  interstitial  tissue  and  the  formation  of  giant  cells  iu  the  lumina, 
we  have  structures  which  present  the  greatest  resemblance  to  some  forms 
of  tubercle  granula  (Fig.  474), 

Tuberculous  inflammation  may  extend  from  the  testis  to  the  vas  def- 
erens, vesicnlte  seminales,  and  prostate. 

Syphilitio  Orohitii. — This  may  occur  in  the  form  of  a  diffuse  new  forma- 
tion of  connective  tissue,  which  may  be  localized  or  be  widely  distributed. 
This  organ  becomes  dense  and  firm.     Morphologically  there  is  no  differ- 


10. 474.— Chronic  orchitis  with  thb  Fohmatios  of  Stkuctubes  BisujiBLifia  Miliabt  Tcbmcleh. 


a.  Tblcl[eD«4]  InUratlllal  tlwin ;  I),  musol  trrsDular  («ni  to  Ihe  tDleratlUil  tlnue:  c.  ihickened  mciu- 
hraDapniprla  oF  semlnlleroug  tubule :  d.  lusas  of  separated  eplUiel  I  urn  In  tutHile:  e.  arcumulatJoD  of  atmlJ 
apheroldBl  cells  atDuntI  tubules;  /.  tWchened  membrana  propria  encloslnfi  g.  a  mulUouclBBr  maai  reseni- 
bllugaglant  cell. 

euce  between  this  form  of  orchitis  and  chronic  indurative  orchitis  from 
other    excitants.     It  may  occur  in  children  affected  with   congenita) 
syphilis,     Gummata  may  form  in  connection  with  the  interstitial  indnra. 
tion.     These  may  disappear,  leaving  irregular  cicatrices. 
In  leprosy,  inflammatory  foci  in  the  testicle  are  common.' 


Fibromata  occur  in  the  form  of  small  dendritic  or  polypoid  growths  of 
the  visceral  lajer  of  the  tunica  vaginalis.  These  sometimes  become  free 
and  are  found  in  the  sac,  usually  in  connection  with  hydrocele.  Small 
nodular  fibromata  occiisionally  occur  iu  the  albugiuea  and  iu  the  sper- 
matic cord. 

Lipoma,  either  pure  or  in  combination  with  myxoma  and  sarcoma, 
i.  with  liililiiipraplLy.  consult  Srhilenii,  Arcli.  gfn.  de 
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may  arise  from  the  couuective  tissue  of  the  spermatic  cord  or  from  the 
tunica  albugiuea. 

Chondroma,  sometimee  in  a  pure  form,  but  more  frequently  combined 
Tith  myxoma  and  sarcoma,  occurs  in  the  testicles  and  may  attain  a  large 
size.     Oateoma  has  been  described. 

Baroomata  occur  in  the  testes  and  epididymis,  most  frequently  iu  the 
former.  They  may  be  composed  of  spheroidal  or  spindle-shaped  cells; 
they  may  be  soft  or  coutainmuch  fibrous  tissue ;  they  are  very  frequently 
combined  with  myxoma,  chondroma,  lipoma,  etc.  Owing  to  the  occlu- 
sion of  the  seminiferous  tubules,  cysts  may  be  formed  in  these  sarcomata. 
Ill  such  cysts  sarcomatous  tissue  may  occur  in  the  form  of  iutracanalic: 


FlO.  475.— TERATOMA  OF  THl  TESTICLK. 
Husea  or  by*l1ne  cartllaEe  at  tbe  left :  uew-Ionaed  alnilcal  slaudular  i 

ular  polypoid  growths.  Thus  the  so-called  ci/sto-aarcomata  of  the  testi- 
cle are  formed.  The  walls  of  these  cysts  may  coalesce,  so  that  large, 
irregular  cavities  may  be  formed.  When  the  cysts  are  not  filled  by 
polypoid  outgrowths  from  their  walla  they  may  contain  a  mucous,  serous, 
or  bloody  fluid,  or  masses  of  flattened  cells,  fat,  and  cholesterin.  Tbe 
cysts  may  be  lined  with  cylindrical,  ciliated,  or  flattened  cells. 

Rhabdomyoma  has  been  several  times  observed,  frequently  in  com- 
bination with  cysts.' 

Adenoma  is  occasionally  found,  usually  in  combination  with  sarcoma 
or  carcinoma,  or  with  cjst  formation. 

Carcinoma  of  the  testicle  is  commonly  of  tbe  soft  medullary  form,  of 
I,  with  bibliograpliy,  see  Beeker,  Vircliow'a  Arch.,  Bd. 
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rapid  growtb,  and  nsoally  primaiy.  It  may  commence  id  the  testis  or 
epididymis.  Usnally  only  one  testicle  is  involved.  Frequently  the  en- 
tire glandular  portion  of  the  organs  is  replaced  by  the  new  growth.  The 
albnginea  expands  with  the  growth  of  the  tomor,  and  may  continne  to 
enclose  it  even  when  of  large  size.  The  tissues  are  often  very  vascular, 
and  luemorrhages,  areas  of  softening,  fatty  aoA  mucous  degeneration  are 
frequent  The  inguin^  and  lumbar  lymph-nodes  are  apt  to  become  in- 
volved, and  distant  metastasis  may  occur.  Barely  the  growth  asBumcs  a 
ecirrbong  form. 

CTiti. — Aside  from  the  above-mentioned  cysts  which  occur  in  connec- 
tion with  tnmors  and  spennatocete,  cyste  may  be  formed  from  persistent 
remnants  of  Muller's  canal  in  the  epididymis,  or  from  obetraction  of  the 
seminiferous  tubules  or  duels  by  inflanimatorii-  prodnots  or  tissne. 

Teratoid  tamon  of  various  Jcinds,  with  or  without  cysts,  are  of  infre- 
quent occurrence,  and  are  sometimes  quite  complex  in  character  (Fig. 
47.5;.  They  may  be  eml>edded  in  the  substance  of  the  gland.'  Prob- 
ably some  of  the  aboVe-mentioned  cystic  rhabdomyomata  belong  here. 


may  occur  in  the  testis  or  epididymis. 

The  Seminal  Vesicles. 

The  seminal  vesicles  may  be  the  seat  of  acute  or  chronic  inflammatioii, 
which  is  most  frequently  associated  with  inflammatory  changes  iu  ad- 
jacent parts,  prostate,  urethra,  etc  .\s  a  result  of  chronic  inflammation 
the  vesicles  may  be  atrophied,  or  they  may  be  greatly  dilated,  fonuiug 
cysts  due  to  constriction  of  the  ducts.  Tubercnloni  inflammatioit  is  usu- 
ally se«-«udary, 

TUICOBS. 

Carcinoma  of  the  rectum  or  other  geiiito-nriuary  organs  may  secon- 
darily involve  the  seminal  vesicles.  Small  eoncretioni,  sometimes  con- 
tainiug  masses  of  spermatozoa,  are  occasionally  found  in  the  seminal 
vesicles. 

The  Prostate. 

DEOENEBATION,  ATBOPHT,  AND  HTFEBTBOPHT. 

Fatty  and  hyaline  defeneration  of  the  muscle  may  occur  In  the  prostate 
with  or  without  hypertrophy.  Atrophy  of  the  prostate  may  follow  lesions 
or  removal  of  the  testicle,  iuflaniniation  of  the  prostate  itself,  and  may 
occur  as  a  senile  process.  Dilatation  of  the  ducts  may  accompany  the 
atrojthic  process. 

Hypertrophy, — Enlargement  of  the  prostate — so-called  hypertrophy — 
is  of  frequent  oceurreuee  in  advanced  years.     It  may  involve  the  entire 

sBeltr,  z.  path.  Anal., 
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oi^n  or  be  partial ;  it  may  be  nodular  (Pig.  476)  or  diffuse.  The  mid- 
dle lobe  is  most  frequently  involved,  and  this  may  press  upon  the  urethra, 
leading  to  difficult 
urination  and  such 
secoudary  alterations 
in  the  bladder  as  are 
associated  with  this, 
t.  e. ,  hypertrophy  and 
dilatation  of  the  blad- 
der, or  cystitis,  not 
infrequently  with  in- 
volvement of  the  ure- 
ter and  kidneys. 

Hypertrophy  of 
the  prostate  may  l)e 
due  to  hyperplasia  of 
the  muscle  and  fibrous 
tissue  of  the  organ; 
at  the  same  time  the 
gland  tissue  may  be 
increased  (Fig.  477). 
or  the  latter  may  l)e 

alone  involved.     The 

,      ,  ,.  Fra.  478.— Htpietrophv  or  the  frobtatk. 

increase  in  gland  tis- 
sue has  usually  the  character  of  glandular  hyperplasia.     But  genuine 


Fia.  *7T.— "HTrKllTHOPHT"-HrPBHPUS1A— OF  THK  Prostah. 

Tliere  la  glandular  byjierplulftu  well  aa  byperplulB  of  Ibe  Dbro-muBcular  M 
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adenomata  may  form  both  with  and  without  hyperplasia  of  the  c 
tive  tiasue,  muscle,  and  glands. 

In  partial  hypertrophy  there  are  circumscribed  nodules  of  muscle 
tissue  or  of  muscle  and  glaud  tissue.  There  are  usually  situated  at  the 
periphery  of  the  organ  and  project  into  the  bladder.  They  may  become 
detached  from  the  prostate,  and  found  as  small,  movable  tumoTS  beneath 
the  mucous  membrane  of  the  bladder. 

INFLAMKATIOW.    (ProstatitU.) 

Acute  ezndatiTe  inflammation  of  the  prostate  is  induced  by  gonorrhcea, 
by  injuries,  or,  more  rarely,  is  independent.  It  may  be  aeute  or  chronic. 
The  gland  may  after  a  time  return  to  its  normal  condition,  or  is  gradu- 
ally converted  into  a  mass  of  fibrous  tissue  filled  with  abscesses.  The 
abscesses  may  perforate  into  the  bladder,  urethra,  vesiculte  seminales, 
rectum,  or  peritoneum.  Or  the  inflammation  may  extend  to  the  CMinnec- 
tive  tissue  of  the  scrotum  or  beneath  the  pelvic  peritoneum.  The  pus 
may  become  thickened  and  cheeay,  or  even  calcified. 

TabeTOulons  Inflammation  of  the  prostate  usually  accompanies  a  similar 
lesion  of  some  of  the  other  genito- urinary  oi^ns.  Large  cheesy  masses 
are  often  formed,  wbich  may  break  down  and  open  into  the  bladder  or 
rectum. 

TtnCOBS. 

Borooma  of  the  prostate  has  been  described.  Adenoma  (Fig.  478) 
occurs  either  with  or  without  an  increase  in  the  fibro-muscnlar  interstitial 
tissue  and  gland  hyi)erplasia. 

Carcinoma  is  of  occasional  occurrence,  and  may  be  primary  or  secon- 
dary. 

Cyatt  of  the  prostate  are  sometimes  found  either  as  a  result  of  occlu- 


Fio.  47><.— ADRNOUA  or  thk  Prostate. 

er  portion  ol  the  cut,  al  Hit  liRlil.  irt  (hive  nesrly  Durmal  adal  ol  lb;  proatalit.  vblle  tbe  rp- 
>  VRilous  phasps  ot  aew  RlHnd  [ortDHiliin.  Thi^  proBiate.  In  addltloD  to  tbe  clirumsrhbed 
Kss  ^be  sirul  i>t  tbe  usual  Hlandular  and  laWn<tillal  taM>erpla8la. 
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8ion  of  the  ducts  by  hypertrophy  of  the  iuterstitial  tissue,  tumots,  etc.,  or 
as  a  result  of  faulty  development. 

PABASITES  AND  COKCBETIOKS. 

Eohinocooooi  of  the  prostate  has  been  described,  but  is  rare. 

Concretiona. — Small  ovoidalorspheroidal,  often  browu  or  black  bodies, 
having  the  characters  of  corpora  amylacea,  are  of  very  frequent  occur- 
rence in  the  alveoli  of  the  prostate,  particularly  iu  old  persona.  We  find 
a  certain  number  of  them  in  the  prostate  of  nearly  all  old  men,  but  they 
are  sometimes  present  in  great  uunibers.  Larger,  irregular  concretions, 
apparently  formed  by  the  coalescence  or  growth  of  the  smaller  ones,  are 
less  freqiiently  found,  and  may  be  encrusted  with  lime  salts.  These  con- 
cretions may  give  rise  to  ulceration  of  the  ducts  of  the  gland  or  to  inter- 
ference with  the  passage  of  urine,  but  usually  they  are  of  do  practical 
importance. 

Oowper's  Olands. 

Infiammatory  processes,  acute  or  chronic,  may  occur  in  these  oi^ns  in 
connection  with  urethritis  or  prostatitis.  Abscesses  may  form;  the 
glands,  either  in  acute  or  chronic  iniianimataon,  may  become  enlarged 
and  encroach  upon  the  lumen  of  the  uretlira.  Betention  cj/sta  formed  by 
the  closure  of  the  excretory  ducta  may  also  project  into  the  urethral 
caual. 

The  Hale  Mamma. 

There  may  be  an  abnormal  number  of  mammce.  In  boys,  at  abont 
the  time  of  puberty,  the  mammse  may  be  swollen  and  inflamed  or  they 
may  secrete  milk.  Cases  are  recorded  in  which  adult  males  possessed 
large  mammse  which  secreted  milk.  The  breasts  may  be  enlai^ed  from 
an  increase  of  fat  or  of  connective  tissue. 

Fibroma,  aarooma,  cysto^arooma,  myxoma,  and  various  forms  of  oaroi- 
noma'  may  occur. 

Cyite  of  the  male  breast  are  not  very  infrequent. 

of  the  male  breaat  Bce  Wnrfietd,  .Tobns  Hopkins 
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CHAPTER  Xn. 

THE  BONES  Aim  JOINTS. 
The  Bones. 

ATBOPET. 

In  old  age  or  Id  senile  conditions  the  bones  may  become  atrophied  by 
the  absorption  of  tlie  bard  tissue ;  the  medullary  spaecs  are  enlargedt  the 
marrow  tissue  contains  less  fat  and  is  often  gelatinoos  in  appearance. 
As  the  result  of  the  lack  of  use,  or  from  any  cause  which  interferes  with 
the  nutrition  of  the  bone,  such  as  paralysis  of  the  muscles  or  diseases  of 
the  joints,  the  bones  may  atrophy.  In  connection  with  atrophy  there 
may  be  an  ossifying  periostitis,  which  results  in  making  the  bone  look 
even  latter  than  normal.  Many  of  the  conditions  commonly  called 
atrophy,  snch  as  the  erosions  of  bones  from  tnmors,  etc.,  pressing  upon 
them,  are  really  due  to  a  rarefpng  osteitis. 

The  bones,  sometimes  as  the  result  of  atrophy  and  sometimes  from 
causes  which  we  do  not  understand,  are  unusually  brittle  and  liable  to 
fracture.     This  disposition  is  sometimes  hereditary. 

DIBTUBBAirCES  OF  CrBCirLA.TION. 

Hypersmia. — The  evidences  of  this  condition  are  most  marked  to  the 
naked  eye  in  the  periosteum  and  marrow,  particularly  the  latter.  It 
should  be  remembered  that  the  color  of  the  marrow  varies  considerably 
nuder  normal  conditions,  depending  upon  age  and  situation.  In  the 
bones  of  the  foetus  and  new-born,  and  near  the  areas  of  ossification  in  the 
young,  the  marrow  is  nonnally  red  in  color.  In  adults  the  marrow  of 
the  sternum,  vertebne.  and  to  a  certain  degree  that  of  the  ribs,  pelvic 
and  cranial  bones,  and  the  cancellous  tissue  of  the  ends  of  the  long  bones, 
ia  red  or  reddish  in  color.  But  mo.st  of  the  marrow,  particularly  in  long 
bones  of  the  esti^emities,  is  of  a  yellowish  color  from  the  presence  of  fat 
cells.  In  old  ape  the  marrow  of  all  the  bones  is  apt  to  become  pale,  and 
to  assume  a  more  or  less  translucent  or  gelatinous  appearance. 

Hypertemia  u-sually  occurs  as  an  accompaniment  of  inflammatory  proc- 
esses in  the  bone,  and,  when  marked,  the  periosteum  is  swollen  and  red; 
the  compact  bone  tissue  may  appear  of  a  pink  color,  while  the  marrow, 
either  by  an  increase  in  the  amount  of  blood  or  absorption  of  its  fat,  or 
both,  may  be  of  a  uniform  dark  red  color  or  mottled  with  red  and  red- 
dish-yellow. 

Hiemorrhage. — This  may  be  due  to  wounds  and  injuries,  to  inflamma- 
tory and  necrotic  processes;  and  small  hfemorrhages  often  accompany 
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scurvy,  purpura,  hfemorrbagic  diatbesiB,  and  leuktemia.  Clots  of  cod- 
siderable  aize  between  the  periosteum  aud  bone  may  lead  to  serious  con- 
sequeiices,  by  cutting  off  the  blood  supply  to  the  superficial  layers  of 
bone  and  thus  inducing  necrosis ;  but  wiien  not  liable  to  bacterial  con- 
tamination through  contact  with  the  air  they  are  not  usually  of  serious 
import,  and  are  readily  absorbed.  The  smaller  htemorrhages  of  the 
medulla  are  not  usually  of  much  importance.  The  decomposition  of  the 
extravasated  blood  may  lead  to  extensive  pigmentation  of  the  marrow. 

HEAXIHG  OF  WOUNBS  AND  FUACTUBZB  OF  SOKE. 

The  process  of  healing  in  bone  after  fracture  is,  when  uncomplicated, 
at  first  similar  to  that  in  ordinary  healing  by  secoud  intention  in  fibrona 


Pio.  479.— Niw-FoRURD  Cartilage  and  OsTEdiD  Tisaci  mou  gau-ds  krnn  FRAcrnm  or  thi  Fhidb. 

tissue.  The  blood  and  other  exudates  and  the  tissue  detritus  are  gradu- 
ally absorbed  or  disposed  of  by  phagocytes.  By  a  proliferation  of  cou- 
uective- tissue  cells  of  the  region  a  larger  or  smaller  mass  of  granulation 
tissue  is  formed.  This  granulation  tissue  does  not  at  first  dirfer  in 
appearance  from  similar  tissue  formed  elsewhere  in  the  body  in  the 
reparative  phase  of  eKUdati\e  infiammation. 

But  soon,  under  the  influence  of  the  specially  endowed  cells  of  car- 
tilage or  bone  or  periosteum,  but  especially  of  the  latter,  the  granulation 
tissue  becomes  partially  replaced  either  by  cartilage,  or  by  a  substance 
resembling  bone  in  general  appearance,  but  containing  no  lime  salts. 
This  is  called  osteoid  tissue.  These  new  cartilaginous  and  osteoid  tissues, 
which  are  apt  to  occur  together,  form  irregular  masses  or  interlacing 
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trabeculfe  in  the  Btroma  of  grauulatiou   tiHsue.     This  constitutes  the 
so-called  calln.s  of  a  uniting  fracture  (Fig,  479). 

Gradually  the  osteoid  tissue  becomes  osseous,  and  the  masses  of  car- 
tilage and  bands  of  periosteal  and  other  fibrous  tissue,  under  transform- 
ations practically  identical  with  those  seen 
in  normal  development,  are  converted  into 
bone.  Thus  by  gradual  absorption  and 
reformation  of  bone  in  the  usually  reduii- 
dajit  provisional  bony  mass,  and  by  the  re- 
adjustment of  its  vascular  channels,  the 
healing,  with  more  or  less  permanent  de- 
formity, is  accomplished  (Pig.  480). 

If  the  conditions  be  not  favorable,  the 
healing  of  fractures  may  occur  only  by 
fibrous-tissue  formation,  so  that  so-called 
"false  joints"  may  result.  The  healing  of 
other  injuries  and  losses  of  substance  oc- 
curs by  a  process  similar  to  that  described 
in  fractures. 

IHFLAHMATION. 
The  periosteum,  bone  tissue,  and  mar- 
row are  so  intimately  connected  that  in 
most  cases  they  all  share  to  a  greater  or 
less  degree  in  the  pathological  alt«rations 
of  the  Iwnes.  But  as  sometimes  one,  some- 
times another  is  most  markedly  involved, 
it  is  convenient  to  consider  separately  here 
the  infiammatory  changes  by  which  they 
are  respectively  affected. 

Periostitis. 
We  may  distinguish  several   forms  of 
periosteal  inflammation. 

Simple  Exudative  Feriostitii. — This  is 
apt  to  occur  in  children  and  ill-nourished 
persons  after  comparatively  slight  injuries 
or  from  unknown  causes.  The  periosteum 
is  thickened,  succulent,  congested,  and 
more  or  less  abundantly  infiltrated  with 
leucocytes.  The  periosteum  becomes  less 
"m^cB^"  "    ""  firmly  a<iherent  to  the  bone,  and  the  cells 

Shows  redundent  hani  bone  about        of  the  inner  layers  are  increased  in  nura- 
**"  "   ™  "™-  |^|,      ^jijg  form  of  inflammation  may  ter- 

minate in  resolution,  or  it  may  lead  to  other  phases  of  infiammation. 

Suppurative  Periostitis  may  begin  as  a  simple  or  as  a  purulent  inflam- 
mation.    The  pus  is  formed  in  the  inner  layers  of  the  periosteum,  and 
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between  it  and  the  bone.  Tbe  outer  layers  of  the  periosteum  may  for  a 
lung  time  resist  the  suppurative  process.  The  accumulation  of  pus  may 
dissect  up  the  membrane  from  the  bone  and  leave  the  latter  bare.  The 
pus  thus  formed  may  remain  in  this  position  for  a  long  time,  or  be 


absorbed,  or  become  dry  and  cheesy,  or  it  may  burst  through  the  perios- 
teum and  lead  to  abscesses  in  the  soft  parts.  The  bone,  if  separated  from 
its  nutrient  membrane,  may  i-emain  unchanged,  but  more  frequently 
necrosis  ur  indammation  of  tbe  bone  Itself  is  set  up.  Such  a  periostitis 
may  run  an  acute  or  a  chronic  coui-se. 

Sometimes  suppurative  periostitis  takes  on  a  very  malignant  char- 
acter. Pus  is  developed  not  only  beneath,  but  in  the  periosteum,  forming 
abscesses  filled  with  foul  pus.  The  periosteum  breaks  down  into  a  gan- 
grenous, foul-smelling  mass,  and  the  same  change  may  affect  the  ueigh- 
boring  soft  parts.     The  medulla  may  take  part  in  the  process  and  break 


FIO.  48»,— OSSIFTING  PBBIOSTITIS  WPTH  LlItaR  EXOSTOSES— FUITIt. 


down  into  a  purulent,  gangrenous  mass.  Hemorrhages  may  complicate 
the  process.  The  lymph-nodes  are  enlarged  and  swollen ;  abscesses  may 
form  in  different  parts  of  the  body,  and  the  patient  may  die  with  the 
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symptoms  of  pyeemia.  The  Streptococcoa  and  Staphylococcus  pyc^ues 
are  the  most  conunou  excitants  of  suppurative  iuflammatiou. 

Fibroiu  FcriMtitis. — This  is  a  chronic  form  of  iDflammation,  restating 
in  the  development  of  uew  connective  tissue  in  the  periosteum,  which 
becomes  thickeued  aud  dense  and  unusually  adherent  to  the  bone.  It 
may  accompany  necrosis,  chronic  arthritis,  chronic  ulcers  of  adjacent  soft 
parts,  etc.,  or  follow  simple  acute  periostitis. 

Oui^in^  Perlostitiaresul^in  the  formation  of  new  bone  from  the  inner 
layers  of  the  periosteum.  The  masses  of  new-formed  bone,  called  osteo- 
phytes, are  of  variable  shape.  They  may  form  a  thin,  velvet-like,  villons 
layer  (Fig.  i83) ;  or  they  are  little  spicula ;  or  they  form  lai^r,  rounded 
masses  (see  Figs.  181,  482),  or  a  thick,  uniform  layer  extending  over  a 
large  part  of  a  bone.  They  may  have  at  first  a  loose,  spongy  character, 
and  be  loosely  connected  witli  the  old  hone.     But  layers  of  compact  bone 


B   P£RrOSTITlK. 

An  imgaUir  iH^er  uf  dew  bone  la  forming  between  tbe  perlOBteum  and  tbe  old  bone. 

tissue  are  formed  within  th(;ir  medullary  spaces,  which  iire  thus  gradually 
filled,  and  they  join  the  old  bone  so  that  they  may  finally  become  as 
compact  as  or  even  more  compact  and  dense  than  normal  bone  to  which 
they  are  firmly  joined.  Tbe  hyperostoses  and  exostoses  thus  formed  may 
remain  indefinitely,  or  they  may  gradually  become  smaller  and  finally 
disappear  by  absorption. 

The  formation  of  new  bone  in  osteophytes,  or  in  dense  masses  beneath 
aud  in  the  periosteum,  occui-s  as  a  result  of  the  same  process  by  which 
bone  tissue  is  normally  fonned.  Certain  large  cells,  called  o^eobbutta, 
which  are  developed  along  the  blood-vessels,  possess  the  power  of  deposit- 
ing osseous  basement  substance  about  themselves  aud  so  forming  bone. 
Pathological  uew  formation  of  bone  differs  from  the  normal  mainly  in 
the  conditions  under  which  it  occurs.  The  bloodvessels  around  which 
the  jmthologicaJ  bone  develops,  which  grow  out  of  the  old  vessels,  as  in  the 
formation  of  granulation  tissue,  are  irregularly  arranged  and  subject  to 
a  variety  of  abnormal  nutritive  and  mechanical  conditions,  so  that  tbe 
new  bone  is  usually  formed,  not  in  a  series  of  definite  systems  of  lamellffi, 

ale 
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but,  as  above  described,  iu  a  series  of  in-^ular  spicnla  or  masses.  More- 
over, as  will  be  seeu  further  on,  the  conditious  under  which  it  is  formed 
being  liable  to  change,  and  itself  serving  no  definite  purpose  in  the  econ- 
omy, as  does  uoruial  bone,  pathological  new  bone  is  often  an  evanescent 
structure.     The  details  of  its  disappearance  will  be  considered  below. 

Syphilitio  Ferioititii. — Syphilitic  infection  may  excite  simple,  pnrulent, 
fibrous,  or  ossifying  periostitis.  In  addition  to  these,  gummy  tumors 
may  be  developed  i«  the  periosteum.  The  bone  tissue  is  usually  more  or 
Ifcss  involved.  The  gummala  may  be  absorbed  or  undergo  cheesy  degen- 
eration, or  be  converted  into  fibrous  tissue,  or  they  may  suppurate. 

Tnbercolous  Perioititis. — In  badly  nourished  persons,  particularly  in 
children  suffering  from  scrofula,  chronic  purulent  periostitis  is  frequently 


associated  with  the  formation  of  miliary  tubercles.  Abscesses  are  apt  to 
form  iu  and  about  the  periosteum,  and  when  these  are  evacuated  granu- 
lation tissue  may  develop,  which  contains  miliary  tubercles.  The  lione 
is  apt  to  be  involved  to  a  greater  or  less  extent  iu  simple  inflammatory 
changes  or  caries  (Fig.  484). 

Osteitis. 
Inflammation  in  bone  tissue  is  dependent  upon  the  same  general  con- 
ditions and  presents  essentially  the  same  series  of  phenomena  as  inflam- 
mation in  other  kinds  of  connective  tissue.  But  it  is  variously  modified 
in  detail  by  the  peculiar  dense  and  unyielding  character  of  the  basement 
sut>staucc,  and  by  certain  peculiarities  of  the  blood  supply  and  the 
nutritive  conditions  under  which  tbe  cells  are  placed.  In  simple  exuda- 
tive inflammation  the  same  series  of  phenomena  occur  in  connection  with 
the  blood-vessels  as  in  other  tissues,  residting  in  the  production  of  serum, 
fibrin,  and  pus;  but  the  extent  to  which  these  changes  occur  is  lim- 
ited nnd  constantly  associated  with  striking  alterations  in  the  basement 
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Bubstance.  It  is  these  secoudary  alterations  in  the  basemeut  substaDce 
which  leiid  to  inflaminatious  of  the  boDe  their  most  peculiar  characters, 
and  iu  the  promiuence  which  these  assuDio  the  fuudamental  altettttious 
are  often  overlooked.  The  most  common  of  these  secondarj'  alter- 
ations are  the  absorption  of  the  hard  basement  substance  of  the  bone  aud 
its  replacement  by,  or  cODversiou  into,  young  cellular  forms  of  fibrillar 
counective  tissue  or  marrow  tissue,  and  the  new  formation,  iu  a  more  or 
less  typical  manner,  of  new  bone.  As  a  result  of  these  changes  the  boue 
in  simple  iuflammation  becomes  more  vascular,  and,  with  an  increase  of 
spaces  filled  with  granulation  or  marrow  tissue,  more  porous  at  the 
expense  of  the  dense  basement  substance.  Or  the  new-formed  spaces 
or  the  marrow  cavities  may  l>e  constantly  encroached  upon  by  the  new- 
formed  boue  lamellie  on  their  walls,  so  that  the  boue  l>ecomes  mui'e  com- 
pact. Or,  as  is  frequently  the  case,  both  series  of  changes  occur  either 
simultaueously  in  different  regions,  or  follow  each  other,  or  are  vari- 
ously associated  together.  Very  frequently  one  or  the  other  of  the  oppos- 
ing forms  of  alteration  predominates,  or  one  may  occur  to  the  exclusion 
of  the  other,  aud  we  thus  have  two  prominent  forms  of  iufiammation, 
which  are  called  rarefying  osteitU  or  osteo-poro«is,  and  condeimng  osteitis  or 
osteosclerosis.  The  exact  nature  of  the  conditions  under  which  iu  one 
case  the  bones  become  more,  in  another  less  dense,  we  do  not  understand. 
Furthermore,  more  or  le.ss  characteristic  forms  of  inflammation  may  occur 
in  syphilitic  and  tuberculous  infection — syphilitic  and  tuberculous  osteitis. 
Suppurative  osteitis  may  further  complicate  the  process. 

In  addition  to  these  phases  of  inflammation  in  bone,  and  in  frequent 
and  varied  association  with  them,  there  are  alterations  leading  to  death 
and  destruction  of  bone  tissue  in  greater  or  less  amouut,  which  are  called 
caries  and  necrosis.  Finally,  any  of  these  forms,  and  commonly  several 
of  them  at  once,  are  variously  associated  with  more  or  less  marked 
inflammatory  or  degenerative  alterations  of  the  periosteum  on  the  one 
hand,  or  the  marrow  tissue  on  the  other,  or  of  both  combined. 

Rarefying  Oateitii  consists  essentially  in  the  formation  in  the  marrow 
spaces,  Haversian  canals,  or  beneath  the  periosteum,  of  new,  very  cel- 
lular and  vascular  tissue,  resembling  granulation  or  young  marrow  tissue, 
under  whose  influence  the  basement  substance  of  the  bone  is  absorbed. 
This  absorption  of  the  bone  takes  place  largely  as  bone  is  absorbed  in 
normal  growth,  namely,  under  the  inflneuce  of  certain  lai^e  cells,  which 
are  grouped  around  the  blood-v&ssels.  If  a  thin  section  of  bone  which 
is  undergoing  absorption  be  examined  (Fig.  485),  the  edges  of  the  bone 
which  border  on  the  vascular  surfaces  are  found  irregularly  indented  by 
deep  or  shallow  depressions,  sometimes  simple,  sometimes  quite  complex. 
Tliese  are  called  Haicship's  lacnnw  and  are  usually  filled  or  lined  by  larger 
aud  smaller  granular,  fre(|uently  multinuclear  cells — the  so-called  o^eo- 
dasis.  In  the  larger  taciuis  there  may  be  granulation  tissue  "irith  loops  of 
blood-vessels,  with  or  without  osteoclasts.  Under  the  influence  of  the 
osteoclasts  or  of  the  new  vascular  tissue,  the  bone  Is  gradually  ab- 
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Ou  the  other  hand,  there  may  be  irregnlar  branching  channels  tJirough 
the  boue  across  the  lamellfe,  which  appear  to  be  due  to  the  enlargement 
and  coalescence  of  the  lacnnie  and  canaliculi,  without  the  direct  influence 
of  blood-vessels  or  other  cells  than  the  fixed  cells  of  the  bone. 

The  tissue  which  replaces  the  absorbed  boue  may  be  very  rich  in 
small  spheroidal  cells,  or  it  may  be  more  or  less  fibrillar. 

As  a  result  of  this  process  irregular  islets  of  bone  tissue  may  be 
entirely  separated  from  adjacent  bone  and  surronnded  by  a  more  or  less 


Fig.  48S.— RiRKFTiNa  Osteitis  in  Ulna  or  Child. 
a,  IsolalMl  ixinp  Irasment  wJUi  mugbedgei;  b,  marrov  tluue;  c  Howshlp'a  larunie  wllb  oHleocUstt. 

fibrillar  vascular  tissue ;  this  is  most  apt  to  occur  in  the  cancellous  tissue. 
Or  the  originally  compact  bone  may  become  traversed  by  a  series  of  larger 
and  smaller  irregular  branching,  commuuicating  channels  with  ragged 
walls.  These  progressive  alterations  may  cease,  and  be  succeeded  by  a 
new  formation  of  bone  aloug  the  edges  of  the  channels  or  cavities. 

Rarefying  osteitis  may  occur  as  an  independent  process  from  unknown 
causes;  it  is  often  associated  with  scrofula,  with  diseases  of  the  joints, 
with  fi-actures  or  other  injuries  to  the  bone;  it  often  forms  a  predominant 
feature  in  tuberculous  inflammation  of  the  bones.  It  is  chiefly  by  a 
rarefying  ost«itis  that  boue  tissue  is  eroded  and  destroyed  in  the  vicinity 
of  tumors,  aneurisms,  etc.,  which  exert  pressure  on  the  bones.  By  the 
same  process  the  sharp  ends  of  fractured  bone  may  be  rounded  oft'  as 
healing  proceeds. 

\\Tien  this  form  of  inflammation  occurs  in  cancellous  bone  tissue  the 
marrow  is  red  or  gelatinous,  and  the  bony  septa  may  disappear  altogether, 
so  that  in  extreme  cases  there  may  be,  instead  of  cancellous  bone,  a  mass 
of  granulation  tissue.  When  the  process  occurs  in  the  articular  extrem- 
ity of  a  bone  the  granulating  medulla  may  send,  little  oflfshoots  through 
the  articular  cartilage.     These  may  become  fused  tt^ther  and  inflam- 
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matioQ  of  the  joint  may  follow.  The  walltt  of  the  shafts  of  the  long 
bones  may  be  converted  into  spongy  tissue.  If,  as  is  sometimes  the  case, 
an  ossifying  periostitis  occurs  at  the  same  time,  the  bone  is  thickened  bat 
spongy ;  or  sometimes  there  are  concentric  layers  of  compact  bone  tissne, 
separated  by  rarefied  bone. 

Condeniing  Ofteitii  (Ofteo-Soleroiii). — This  lesion  is  characterized  by 
the  new  formation  of  bone  in  the  walls  of  the  marrow  cavities  or  Haver- 
sian canals.  The  bone  is  formed  under  the  influence  of  the  blood-vessels 
and  osteoblasts,  as  in  normal  bone  formation,  bnt  with  less  regularity. 
It  may  result  in  the  conversion  of  cancellous  tissue  into  compact  bone, 
in  the  filltng-up  of  the  medullary  cavity  of  long  bones  with  more  or  less 
dense  bone  tiisBue.  The  compact  bone,  owing  to  the  filling  of  its  Haver- 
sian canals,  may  become  very  dense  and  ivory-like.     When  the  medullary 


H.— CONDINBINO    OSTEITIS,  OK  OSTtO^CLKROSIS,    IN    Ul.NA  Or  CHILD. 

1.  otd  Homblp's  lacuiue  nivered  wtib  more  re- 

cavities  of  long  l>oue8  are  involved  the  yellow  marrow  is  converted  into 
red  marrow  by  the  absorption  of  fat  and  inci-eased  vascularity. 

Osteo-sclerosis  is  frequently  associated  with  ossifying  periostitis.  It 
often  follows  rarefying  osteitis,  and  then  the  Howship's  lacunte  resulting 
from  the  original  absorption  process  may  be  filled  and  covered  in  with 
new  bone  lamellae  (Fig.  486),  It  is  apt  to  occur  in  connection  with 
necrosis  or  chronic  inflammation  of  adjacent  soft  parts,  but  it  sometimes 
occurs  independently  under  unknown  conditions. 

Bapparative  Oateitia  (Absceai  of  Bone). — This  process  occurs  usually  in 
the  ends  of  the  long  bones,  and  is  associated  with  rarefying  osteitis.  As 
the  bone  tisane  is  absorbed,  a  circumscribed  cavity  may  be  formed  in  the 
bone,  filled  with  pus  and  lined  with  granulation  tissue. 

Less  frequently  abscesses  are  formed  in  the  shaft  of  a  long  bone  by 
circumscribed  suppuration  of  the  mednlla.     Such  abscesses  may  occur  in 
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old  people  aud  may  be  of  long  duration.  They  may  gradnally  enlarge 
and  be  accompauied  by  ao  ossifying  periostitis,  so  that  the  bone  is  ex- 
panded. The  abscesses  in  suppurative  osteitis  sometimes  develop  rapidly 
and  may  perforate.  On  the  other  hand,  instead  of  abscesses,  there  may 
be  a  diffuse  infiltration  with  pus  of  the  Haversian  canals  or  of  the  spaces 
formed  by  rarefying  osteitis  (see  Osteomyelitis,  below). 

Otteomyelitia.— The  tissues  of  the  medulla  so  frequently  share  in  the 
inflammatory  processes  in  bone  that  many  conditions  described  as  osteitis 
are  really  osteomyelitis.  It  is  customary,  however,  to  i-eserve  the  latter 
naiue  for  those  cases  in  which  the  medulla  is  primarily  or  chiefly  involved. 

Acute  Infectious  Osteomtblitis.— This  may  occur  as  the  resolt 
of  a  local  injury  which  permits  the  access  or  favors  the  development  of 
pyogenic  micro-oi^nisms ;  it  may  be  metastatic,  resulting  from  the  trans- 
portation of  infectious  material  from  other  parts  of  the  body  in  septi- 
cemia and  pyajmia,  in  typhoid  fever,  in  the  exautfaematous  fevers,  aud 
under  other  conditions ;  or  it  may  occur  without  evidence  of  local  predis- 
position or  of  infectious  processes  iu  other  parts  of  the  body. 

The  lesions  of  acute  infectious  osteomyelitis  are,  in  the  large  majority 
of  cases  at  least,  due  to  the  presence  and  action  of  the  pyogenic  cocci, 
the  Staphylococcus  pyogenes  and  the  Streptococcus  pyogenes,  and  in 
many  of  its  forms  it  may  be  regarded  as  one  of  the  phases  of  septicaemia 
or  septico-pysemia. 

While  the  lesions  vary  widely,  the  following  general  description  is 
applicable  to  a  considerable  proportion  of  the  cases: 

At  the  commencemeut  of  the  disease,  which  usually  begins  in  the  shaft 
of  one  of  the  long  bones,  there  are  hyperiemia  and  tedema  of  the  medulla, 
so  that  if  the  bone  be  opened  the  marrow  is  soft  and  of  a  dark-red  color. 
A  diffuse  suppuration  now  rapidly  ensues,  aud  the  marrow  becomes 
streaked  or  mottled  with  gray.  Occasionally,  though  not  often,  larger 
and  smaller  abscesses  may  form  in  the  marrow.  The  inflammatory  areas 
may  be  circnmscribed ;  or,  in  the  more  malignant  cases,  the  entire  mar- 
row may  become  rapidly  involved.  The  cancellous  tissue  of  one  or  both 
of  the  epiphyses  usually  becomes  involved.  The  disease,  however,  is 
not  commonly  confined  to  the  medullary  spaces.  The  periosteum  becomes 
^edematous  and  infiltrated  with  pus,  aud  the  surrounding  soft  parts  may 
become  the  seat  of  intense  inflammatory  changes.  Abscesses  of  the  peri- 
osteum or  surrounding  tissues  are  apt  to  form.  As  a  result  of  these 
changes,  necrosis  of  greater  or  less  portions  of  the  bone  may  ensue.  The 
medullars'  cavity  may  become  enlaiged  as  pus  accumulates,  and  the  wall 
of  the  bone  may  be  broken  through,  i)ermitting  the  discharge  of  pus  out- 
ward. Sometimes  several  bones  are  involved  at  once.  Secondary  in- 
volvement of  the  joints  is  very  frequent.  Here  there  may  be  only  a 
serous  or  purulent  exudation ;  or  the  acnte  and  destructive  inflammatory 
process  may  extend  beneath  the  joint  and  produce  extensive  alterations. 
In  young  persons  the  epiphyses  very  frequently  become  separated  from 
the  shaft  by  the  destruction  of  the  cartilage  which  binds  them  together. 

In  the  severer  cases,  which  are  often  called,  par  excellence,  malignant 
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osteomyelitis,  the  changes  may  be  very  rapid  and  destructive.  The 
medulla  is  disintegrated  and  gangrenous;  the  joints  are  soon  involved; 
necrosis  of  large  portions  of  the  bone,  sometimes  of  the  whole  shaft, 
occurs;  the  periosteum  and  surrounding  parts  become  gangrenous ;  the 
veins  contain  thrombi ,  and  pyfemic  infarctions  and  abscesses  may  form 
in  various  parts  of  the  body.' 

Chronic  Osteomyelitis. — In  prolonged  cases  of  osteomyelitis  there 
is  apt  to  be  more  or  less  ossifying  periostitis  and  osteosclerosis,  and 
fistulie  may  form  in  the  bone,  through  which  the  exudates  are  dis- 
charged, '  * 

Tatwroalona  Oateitii  is  essentially  a  rarefying  osteitis  associated  with 
the  formation  of  tubercle  tissue  and  cheesy  degeneration.  The  tubercles 
are  sometimes  small,  scattered,  and  miliary  in  form  (see  Fig.  487);  some- 
times they  unite  to  form  larger  and  smaller  masses.     There  may  be 


FlO.   WT.— TfBIHCTLOI'S  OHTKITIS. 

A  mlllBrr  tubercld  fcinnrd  In  lh«  [VDrrlloiu  Ibmue  Hoar  (be  Julnt  In  luberrulous  nrttirltli. 

extensive  involvementof  the  medulla.  There  may  be  much  simple  gran- 
ulation tissue  or  the  fonnation  of  ab-scess  associated  with  the  process. 
Rarefying  and  condensing  osteitis  and  necrosis  are  not  infrequently 
present,  so  that  the  boue  becomes  spongy  and  fragile  (Fig,  485).  Tuber- 
culous osteitis  is  often  n-ssociated  with  tiibercnlons  inflammation  of  the 
joints  (Fig.  484).  It  is  nio-st  apt  to  occur  in  cancellous  bone  tissue,  aud 
is  most  commou  iu  the  bodies  of  the  vertebrte  and  in  the  carpal  aud  tarsal 
bou&s. 

Syphilitic  Oateitii. — Syphilitic  infection  may  lead  to  one  or  other  of  the 

'  Cunsult  for  an  claboraU  treatment  of  acute  osteomyelitis  la  ila  relationship  lo 

other  furtns  of  inflammation,  with  bibliography,  Jordan,  Bcitr  z.  klin.  Chir.,  Bd.  i..  p. 

587.     For  a  study  of  this  condilinn  in  childhood  see  Kojiik  and  Van  Aitd/Ue,  Am.  Jour. 

Ued.  Sciences,  vol.  ciii..  pp.  432  and  HS.^  1893. 

'    ' s  resulting  from  osteomyelitis  consultnirit,  Medi- 
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forms  of  osteitis  just  described,  or  gummatons  nodules  may  form.  Syph- 
ilitic osteitis  nsoally  commeucefi  in  the  periosteum,  which  becomes  thick- 
eued  and  infiltrated  n-ith  cells,  so  that  there  may  be  a  circumscribed 
thickening  of  the  periosteum,  with  or  without  distinct  guramata.  The 
vessels  which  extend  from  the  periosteum  into  the  bone  become  sur- 
rounded by  new  cellular  tissue,  which  causes  an  enlai^ment  of  the 
canals.  At  this  stage,  if  the  periosteum  be  stripped  off,  it  drags  with  it 
the  vessels  surrounded  by  the  new  cell  growth,  lea\iug  the  bones  beneath 
with  numerous  small  iwiforations  extending  inward.  As  the  disease 
pro'gresses  the  channels  in  the  bone  enlarge  by  a  rarefying  osteitis  and 
coalesce,  forming  lai^e,  irregular  defects  filled  with  new  fibrous  tissue. 
In  these  masses  of  new  tissue,  cheesy  degeneration  may  occur,  so  that  the 
new  growth  has  more  or  less  of  the  character  of  a  gumma.  In  the  vicin- 
ity of  these  gumma-fllled  spaces  a  condensing  osteitis  may  occnr,  both  in 
the  substance  of  the  bone  and  on  the  surface,  in  the  form  of  osteophytes, 
so  that  the  opening  in  the  bone  may  be  surrounded  by  an  elevated,  irreg- 
ular ring  of  bone  tissue.  All  this  may  occur  i)eueath  the  uuinvolved 
skill,  or  the  skin  may  participate  by  a  suppurative  inflammation,  result- 
ing in  ulceration.  These  processes  may  be  circumscribed  or  involve  a 
large  part  of  a  bone.  It  is  not  infrequently  associated  with  necrosis  of 
lai^iier  and  smaller  portions  of  bone.  The  syphilitic  tissue  may  be  ab- 
sorbed and  its  place  t>e  more  or  less  filled  with  fibrous  tissue.  Syphilitic 
osteitis  is  most  frequent  in  the  cranial  bones,  but  may  occur  elsewhere, 
as  in  the  sternum,  clavicle,  tibia  and  fibula,  the  ribs,  etc. 

Conffenital  Sifphilis. — The  bones  of  youug  children  in  this  condition 
may  show  increased  density  or  evidences  of  periostitis,  or  irregular  thick- 
enings, particularly  of  the  skull.  Characteristic  lesions  are  frequently 
found  in  the  long  bones  in  still-born  or  young  children  who  are  the  vic- 
tims of  hereditary  syphilis.  These  lesions  are  found  for  the  most  part 
along  the  border  zone  between  the  epiphysis  and  diaphysis.  In  noi-mal 
ossification  of  the  long  bones,  the  border  line  between  the  calcification 
and  ossification  zones  is  narrow,  sharply  defined,  and  straight,  or  tightly 
and  evenly  curved.  In  the  syphilitic  Iwues,  on  the  contrary,  this  line  is 
broader,  uneven,  and  presents  various  modifications,  which  merge  into 
one  another,  so  that  all  intermediate  forms  may  be  seen.  In  a  lesion  of 
moderate  grade  there  may  be,  between  the  cartilage  and  the  new-formed 
spongy  bone,  a  white  or  reddish-white  zone,  about  2  mm.  in  breadth, 
with  very  irregular  borders,  consisting  of  calcified  cartilage,  in  which  the 
linear  groups  of  cartilage  cells  are  more  abundant  than  normal.  In  more 
pronounced  lesions  the  calcified  zone,  still  containing  an  unusual  number 
of  cartilage  cells,  is  bi-oader  and  still  more  irregular  and  less  sharply  out- 
lined against  the  ossification  zone.  The  cartilage  just  beyond  it  is  softer 
and  almost  gelatinous,  and  may  contain  uiunerons  blood-vessels,  islets  of 
eonnecti\-e  tissue  or  of  calcification,  or  irregular  ossification.  Finally 
the  bone  may  he  pouched  out  at  the  sides  around  the  ossification  and 
calcification  zones,  and  the  perichondrium  and  periosteum  thickened. 
The  whitish,  irregular  calcifie<l  zone  is  hard  and  friable.  Between  this 
and  the  new-formed  bone  there  is  an  irregular,  soft,  gray  or  grayish- 
47 
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yellow  zone,  from  2  to  4  mm.  in  thickness,  n-hich  forms  a  loose,  readily 
separated  connectioD  between  the  cartilage  and  tbe  diaphysis.  The 
white,  friable  zone  consists  mainly  of  irregular  rows  of  degenerated  and 
distorted  cartilage  cells  lying  in  a  calcified  basement  substance,  of  ins- 
ular masses  of  atypical  bone  tisstte,  and  of  blood-vesaels  surrounded  by 
variously  shaped  cells.  The  soft  zone  consists  of  more  or  lees  vascular 
tissue  with  homogeneous  basement  susbtance,  and  ronnd  and  spindle 
shaped  cells.  This  soft  zone  is  not  sharply  outlined  against  the  adjoin- 
ing new-formed  spongy  bone,  which,  instead  of  consisting  of  the  normal 
marrow  spaces  with  bony  lamellte  beween  them,  is  lai^ly  composed  of 
granulation  tissue. 

Different  phases  of  this  faulty  development  may  be  seen  in  different 
bones  in  the  same  individual.  According  to  Wegnerthe  lesion  is  usually 
most  advanced  in  the  lower  end  of  the  femur,  then  in  tbe  lower  ends  of 
the  leg  bones  and  of  the  forearm,  then  in  the  upper  ends  of  the  tibia, 
femur,  and  fibula. 

Xot  infrequently  there  is  fatty  degeneration  of  the  marrow  cells  and 
blood-vessels,  giving  the  marrow  a  reddish-yellow  color.  These  altera- 
tions of  the  bones  may  occur,  not  only  in  children  who  have  gummata  in 
other  parts  of  the  body,  but  also  in  those  in  whom  other  evidences  of 
syphilitic  infection  are  absent.  So  uniform  is  their  occurrence  that  their 
presence  alone  sufBces  for  the  establishment  of  a  diagnosis. 

NEOBOSZS. 

Necrosis  is  the  death  of  a  larger  or  smaller  portion  of  bone.  This 
may  be  induced  by  conditions  which  deprive  the  bone  of  its  proper  vas- 
cular supply  from  the  periosteum  and  medulla.  It  may  be  associated 
with  suppurative  periostitis,  osteomyelitis,  and  osteitis,  traumatic  sepa- 
ration of  the  periosteum,  ulcers  of  neighboring  soft  parts,  emboli,  the 
action  of  phosphorus  vapor,  and  exhaustive  infectious  diseases.  Necrosis 
is  a  pure  form  of  gangrene,  differing  from  gangrene  of  soft  parts  in  that 
the  dead  bone  has  at  first,  and  may  retain  for  a  long  time,  the  general 
outward  characters  of  tbe  normal  bone ;  while  in  dead  soft  parts  rapid  ab- 
sorption may  occur,  or  should  bacteria  of  various  forms  be  present,  or  gain 
access  to  the  dead  tissue,  putrefaction,  with  complex  changes,  may  ensne. 

When  aportion  of  bone  has  died  inflammation  occurs  at  the  dividing- 
line  between  the  dead  and  living  bone.  This  inflammation  has  the  char- 
acters of  a  rarefying  osteitis  (see  above),  and  flnally  separates  the  dead 
from  the  living  bone.  The  dead  bone,  or  aequeatnim,  may  remain  smooth 
and  unaltered  (Fig.  488),  or  it  may  be  eroded  by  the  influence  of  sur- 
rounding pus  or  granulation  tissue  or  osteoclasts.  In  this  way  it  is  pos- 
sible for  the  sequestrum,  if  it  be  small,  to  be  entirely  absorbed.  More 
frequently  there  is  a  production  of  new  bone  around  the  sequestrum, 
either  beneath  the  periosteum  or  in  the  substance  of  the  bone,  and  this 
becomes  lined  with  granulation  tissue,  from  which  pus  may  continue  to 
be  formed,  bathing  the  sequestrum. 
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Necrosis  may  involve  the  superficial  layers,  or  the  eutire  thickness  of 
the  wall  of  a  long  bone,  or  only  the  spongy  tissue  and  inner  layers,  or  an 
entire  boue,  or  a  nnmber  of  different  portions  of  the  same  bone,  bat  it  is 
most  apt  t«  occur  in  compact  bone. 

The  death  aud  separation  of  the  bone  may  be  soon  followed  by  tbe 
growth  of  new  bone  to  repair  the  loss.  The  periosteum,  the  medullf^ 
and  the  surroundiug  soft  tissues  may  all  take  part  in  this  new  growth. 
The  new  bone  is  usually  irregular,  rough,  a,ud  perforated  with  openings 
through  which  pus  formed  around  the  sequestrum  may  be  discharged. 
If  the  sequestrum  be  removed,  healing  may  occur  by  the  formation  of  new 
bone ;  but  the  bone  is  usually  more  or  less  distorted  by  the  irregular  new 
ossification. 

Fkoapkorus  Necrosis. — Under  the  influence  of  phosphorus  vapor,  peri- 
ostitis aud  osteitis,   particularly  of  the  jaw,  are  apt  to  occur,   which 


y  DONK. 

iv.tormed  BubperIoM«al  Ix 


nsnally  lead  to  more  or  less  extensive  necrosis,  generally  associated  with 
prolonged  and  often  extensive  suppuration. 


Caries  of  bone  is  essentially  an  ulcerative  oeieitU  resulting  in  progres- 
sive molecular  destruction  of  the  boue  tissue.  It  diO'ers  from  necrosis  in 
that,  in  the  latter,  larger  and  smaller  masses  of  bone  die,  while  in  caries  the 
destruction  is  molecular  and  gradual  (Fig.  489).  It  may  occur  in  connec- 
tion with  any  form  of  osteitis,  with  periostitis  and  osteomyelitis,  or  it  may 
be  secondary  to  inflammatory  or  destructive  processes  in  the  joints  or  ad- 
jacent soft  parts.  The  depressed  surfaces  of  boues  in  whicli  caries  is  pro- 
gressing are  rough  aud  more  or  less  finely  jagged,  and  may  be  covered 
with  granulations.  The  minute  changes  by  which  ulceration  and  destruc- 
tion of  the  bone  are  produced  in  caries  are  somewhat  analogous  with  those 
in  rarefying  osteitis,  but  there  are  marked  degenerative  changes  in  the 
boue  cells,  which  may  become  fatty  or  converted  into  a  granular  ma- 
terial. Moreover,  the  basement  substance  of  the  bone,  instead  of  being 
absorbed,  may  disintegrate,  with  the  formation  of  larger  and  smaller 
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maases  of  detritus.     Sometimes  the  limesaltsare  removed  from  the  base- 
ment substance,  which  is  converted  into  atypical  fibrillar  tissue  and  fatty 
and   granular   deti-itus.     Very    ex- 
tensive   suppurations  and    necrosia 
may  be  associated  with  caries. 

Long-continued  caries,  especial- 
ly in  badly  nourished  individuals,  is 
apt  to  become  complicated  with  tu- 
berculous inflammation. 

There  is  very  little  tendency  to 
spontaneous  healing  iu  caries,  but  it 
may  occur,  aud  the  defects  produced 
may  be  moi-e  or  less  supplied  by 
means  of  new-formed  bone. 

RACHITIS.  (Bickets.) 
Rickets  is  a  developmental  dis- 
ease of  bone,  iu  which  the  proper 
ossifieatiOD  does  not  take  place.  The 
disease  usually  occui-s  during  the 
first  two  years  of  life,  but  may  be 
cougenital, '  or  may  occur  as  late  as 
the  twelfth  year. 

The  phj'siological  growth  of 
boues  presents  three  phases.  Tfaey 
grow  in  length  by  the  production  of 
bone  in  the  cartilage  between  the 
epiphysis  aud  diapbysis;  iu  thick- 
ness, by  the  growth  of  bone  from 
the  inner  layei-s  of  the  periosteum. 
At  the  same  time  the  medullary 
canal  is  enlai^ed,  in  proportion  to 
m.  «8.-CiBiss  or  TBI  VKBTEBH*.  tfac  growtU  of  the  boue,  by  thedisap- 

pearance  of  the  inner  layers  of  bone. 
In  rickets  these  three  phases  of  growth  are  abnormal.  The  carti- 
laginous and  subperiosteal  cell  growth,  which  precedes  ossification,  goes 
on  with  increased  rapidity  and  exuberance  and  in  an  irregular  manner, 
both  between  the  epiphyses  and  diaphyses  and  beneath  the  periosteum, 
while  the  actual  ossification  is  imperfect,  irregular,  or  wanting.  At  the 
same  time  the  dilatation  of  the  medullary  cavity  goes  on  irregularly 
and  often  to  an  excessive  degree. 

If  one  examine  microscopically  in  a  rachitic  bone  the  region  between 
the  epiphysis  and  diaphysis  (Fig.  4!)0),  he  finds  that  the  cartilage  cells 
are  not  regularly  arranged  in  rows  along  a  definite  zone  in  advance  of  the 
line  of  ossification,  as  in  normal  development,  but  that  there  is  an  irreg- 
ular heaping-up  of  cartilage  cells,  sometimes  in  rows,  sometimes  not, 

•Salretll,  Zicgler's  BeilrHge  z.  path,  Anat.,  etc.Bd.  xvi.,  p.  20.  1894,  bib tiogtapliy. 
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over  an  ill-defiued  aud  irregular  area.  The  zone  of  calcification  also, 
instead  of  being  narrow,  regular,  and  sharply  defined,  is  lacking  iu  aoi- 
formity.  Areas  of  calcification  may  be  isolated  in  the  region  of  prolifer- 
ating cartilage  cells,  or  calcification  jnay  be  altogether  absent  over  con- 
siderable areas. 

Corresponding  to  these  irregolarities  the  ossification  zone  is  also  irreg- 
ular. Xev-formed  bone  and  marrow  cavities  containing  blood-vessels 
may  lie  in  the  midst  of  the  cartilage,  or  masses  of  cartilage  may  lie  deep 
iu  the  region  which  should  be  completely  ossified.  In  other  places  it 
seems  as  if  the  cartilage  tissue  were  directly  converted  into  an  ill-formed 
bone  tissue  by  metaplasia  or  direct  transformation.  It  will  readily  be 
seen  from  this  that  the  medullary  spaces  of  the  new-formed  bone  are 
irregular,  and  this  abnormality  is  enhanced  by  the  premature  intra-med- 
nllary  absorption  of  the  bone. 

Similar  irregularity  in  the  bone  formation  may  be  seen  beneath  the 
periosteum.  An  excessive  proliferation  of  cells  in  the  inner  layers  of 
the  periosteum,  the  irregular  calcification  which  occurs  about  them,  and 
the  absence  of  uniformity  in  the  elaboration  of  ill-structured  bone,  con- 
spire to  produce  an  irregular,  spongy  bone  tissue  instead  of  the  compact, 
lamellated  tissue  which  is  so  necessary  here  for  the  solidity  of  the  struc- 
ture. The  increased  cell  growth  between  the  epiphyses  and  diaphyses 
produces  the  peculiar  knobby  swellings  which  are  characteristic  of  rickets. 
At  the  same  time  the  medullary  cavity  increases  rapidly  in  size  and  the 
inner  layers  of  the  bone  become  spongy.     The  medulla  may  be  congested. 


F[a.  190.— Rachitic  Bu.ne. 
Showing  DBslflcaltod  zone  la  ■  lODglludin&l  section  of  a  rib. 

and  fat,  if  it  has  formed,  may  be  absorbed,  and  a  modified  form  of 
osteitis  may  ensue. 

The  result  of  these  processes  is  that  the  bones  do  not  possess  solidity 
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and  cannot  resist  the  tractiou  of  tbe  muscles  or  otitside  preesnre.  The 
epiphyses  may  be  displaced  or  bent,  especially  in  tbe  ribs,  less  freqtieatly 
in  the  long  bones.  Tbe  long  bones  and  tbe  pelvic  bones  may  be  bent 
into  a  variety  of  forms  (Pig.  491).  Incomplete  fractures  are  not  infre- 
quent. Complete  fractures  do  not  usually  occur  nntil  tbe  later  stages  of 
tiie  disease,  when  the  bones  have  become  more  solid.     In  the  he.id,  the 


Frc.  401.— niCKET& 
t>bun-liig  Im-ifular  i'B>in<'Bllun  aud  bending  uf  (lie  lung  bouca. 

cranium  may  be  unnaturally  large  for  the  size  of  the  face;  Ibefontaiielles 
and  sutures  may  I'emain  opeu;  the  bones  maj'  be  soft,  porous,  and 
hyperremic,  while  at  their  edges  there  may  be  rough,  bony  projections 
beneath  the  pericranium.  Sometimes,  especially  In  tbe  occipital  bone, 
there  are  rounded  defects  in  tbe  bone,  tilled  only  with  a  fibrous 
membrane;  this  constitutes  one  of  the  forms  of  so-called  CranioUiiea 
(Fig.  492). 
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It  does  not  fall  withiu  the  scope  of  tbis  work  to  describe  tlie  various 
deformities  which  may  occur  as  a  result  of  tbis  disease.  The  familiar 
pigeou  breast;  the  rows  of  knobs  along  tbe  sides  of  the  chest  from  bend- 
iug  aud  dilatatiou  of  the  ribs  at  tbe  point  of  junction  of  cartilage  and 
boue;  the  knock -knees,  bow-legs,  spinal  curvatures,  etc.,  may  all  be 
the  result  of  rachitic  weakening  of  the  bones. 

After  a  time  the  rachitic  process  may  stop  and  the  bo^es  take  on  a 
more  normal  charact«r.  The  porous  bone  tissue  becomes  compact  and 
even  unnaturally  dense;  tbeswellings  at  the  epiphyses  disappear;  many 
of  tbe  deformed  boues  may  become  of  a  normal  shape.     In  severe  cases, 


however,  the  deformities  continue  through  life;  esi>ecially  there  is  a  ces- 
sation of  the  growth  of  the  bones  in  their  long  axis,  so  that  tbe  persons 
affected  arc  dwarfed. 

The  disease  may  have  an  acute  or  a  chronic  character.  The  acute 
form  begins  usually  dnring  tbe  first  six  mouths  of  life.  The  children  ai-e 
a])t  to  suCTer  from  vomiting,  diarrbcea,  profnse  sweating,  chronic  bron- 
chitis and  pneumonia,  general  anemia,  and  wasting.  They  either  die  or 
the  rachitic  process  is  gradually  developed,  Tlie  chronic  form  is  seeu  in 
older  children,  and  often  in  those  apparently  healthy.  The  changes  in 
the  bones  may  take  place  without  constitutional  syuii)tom5,  though  tbere 
are  often  catarrhal  bronchitis,  pneumonia,  and  ansmia. 
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This  leaioii  consists  in  the  softening  of  fnlly  formed  hard  bocf^  tisae 
by  the  removal  of  its  inoi^uic  salts.  It  is  to  he  distlugaished  from 
rickets,  whose  lesions  are  dae  to  a  faulty  development  of  bone,  although 
in  certain  external  characters  the  two  diseases  sometimes  present  consid- 
erable similarity.  Osteomalacia  usually  occurs  in  adults,  most  fre- 
quently in  females  dtiring  pregnancy  and  after  parturition ;  more  rarely 
it  occurs  in  males,  and  in  females  auaasociated  with  the  above  conditions. 
Its  cause  is  not  known. 

Microscopical  examination  shows  that  the  decalcification  occurs  first  in 
the  periphery  of  the  Haversian  canals  and  in  tlie  inner  layers  of  the  walls 
of  the  marrow  spaces.  As  the  salts  of  lime  are  removed  the  basement 
substance  at  first  remains  as  a  finely  fibrillated  material,  still  preserving 
the  original  lamellation.  The  boue  cells  may  be  changed  in  shape  or 
degenerated.  After  a  time  the  decalcified  tissue  may  disintegrate  and 
be  absorbed,  and  its  place  occupied  by  new-formed  marrow  or  granula- 
tion tissue.  As  the  disease  goes  on  the  marrow  tissue  is  congested  and 
red,  the  fat  absorbed,  and  there  is  a  great  accumulation  of  small  sphe- 
roidal cells;  or  the  marrow  may  assume  a  gelatinous  appearance.  The 
decalcification  and  absorption  of  the  bone  from  within  may  proceed  so 
far  that  the  bony  substance  in  the  cancellous  tissue  almost  entirely  dis- 
appears, and  the  compact  bone  is  reduced  to  a  thiu,  soft,  decalcified  tis- 
sue. The  disease  is  not  always  continuously  progressive,  but  may  be 
subject  to  temporary  cessation. 

As  a  result  of  this  softened  condition  of  the  boues,  the  weight  of  the 
body  and  the  actions  of  the  muscles  may  induce  a  series  of  deformities 
which  are  sometimes  excessive ;  curvatures  of  the  spine,  complete  and 
incomplete  fractures  of  the  bone,  distortions  of  the  pelvis,  sternum,  etc. 
There  is  a  tendency  in  this  disease  to  a  general  involvement  of  the  bones, 
but  the  changes  are  sometimes  confined  to  single  boues  or  groups  of 
bones.     The  cranium  is  rarely  much  affected. 


In  certain  forms  of  leukreuiia  the  marrow  of  the  bones  is  very 
markedly  altered.  The  chauge  consists  mainly  in  au  accumulatiou  in 
the  marrow  tissue  of  spheroidal  cells,  often  in  a  condition  of  fatty  d^en- 
oration,  which  lie  iu  the  meshes  of  reticular  connective  tissue  and  in  and 
along  the  walls  of  the  blood-vessels.  There  may  also  be  absorption  of 
the  fat,  and  sometimes  eulai^emeiit  of  the  marrow  cavity  from  absorp- 
tion of  the  bone.  These  alterations  seem  to  be  primarily  due  to  an 
hyperplasia  of  the  marrow  cells.  The  jiew  cells  which  accumulate  in  the 
marrow  under  these  conditions  are  of  various  forms.  Most  characteristic 
are  colorless,  spheroidal  cells  which  considerably  resemble  tho  large 


Digitized  by  Google 


THE  BONES  AND  JOINTS.  745 

lymphocytes  of  normal  blood  (see  page  376).  But  they  are  nsnally  larger, 
though  varying  much  in  size,  have  one  targe,  often  vesicular  nucleus 
staining  less  strongly  than  the  lymphocyte  nuclei,  while  the  protoplasm 
usually  contains  neutrophile  granules.  These  cells  are  called  myeloct/U« 
(pa^  380).  In  addition  to  these  the  marrow  may  contain,  mingled  with 
its  usual  elements,'  nucleated  red  blood  cells,  spheroidal  cells  containing 
red  blood  cells,  and  not  infrequently  considerable  numbers  of  small 
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i.e.,  those  growing  from  the  medulla,  are  rare.  They  asnally  occur  in 
the  lower  jaw,  bnt  have  been  found  in  the  ends  of  the  long  bones,  the 
phalanges  of  the  fingers,  and  the  vertebne.  The  fibromata  may  calcify 
or  ossify,  contain  cysts,  and  not  infrequently  occur  in  combination  with 
sarcoma. 

■yxomata  are  of  occasional  occurrence  in  bone. 

Osteomata. — Kew  formations  of  bone  as  a  result  of  inflammatory  proc- 
esses are,  as  we  have  already  seen,  of  frequent  occarreuce  in  bone,  and 
although  not,  strictly  speaking,  tumors,  some  of  their  forms  are  very 
closely  allied  to  them,  and  they  may  therefore  be  conveniently  mentioned 
here.  New  growths  of  bone  which  arise  from  the  surfaces  are  called 
exogtmes  (see  Fig.  482)  or  enxu^oaegy  according  to  their  origin  from  the 
external  surface  or  from  the  interior  of  the  bone.  Tbey  may  contain  all 
the  constituents  of  normal  bone :  bone,  medulla,  vessels,  periosteum,  and 
cartilage.  The  new  bone  may  be  compact  and  like  ivory,  or  spongy,  or 
contain  lai^  cavitias  filled  with  marrow. 

The  shape  of  exostoses  varies  greatly;  they  may  be  in  the  form  of 
sharp,  narrow  spicula  and  processes,  and,  occurring  in  connection  with 
periostitis,  are  called  oeteophi/les.  They  may  be  polypoid  in  shape,  or 
form  rounded  tumors  with  a  broad  Irase.  Tbey  may  form  a  general 
enlargement  of  the  bone  with  much  roughening  of  the  surface;  this  con- 
dition is  often  called  hyperosioais. 

The  bone  beneath  these  new  growths  may  be  normal,  or  sclerosed,  or 
rarefied,  or  the  medullary  cavity  of  the  bone  may  communicate  with  that 
of  the  exostosis.  Exostoses  are  usually  de^-eloped  from  the  periosteum, 
sometimes  in  the  inseriiou  of  tendons  and  ligaments.  They  are  very 
frequently  multiple,  and  may  occur  at  all  ages,  even  during  uterine  life. 

Euostosea  are  de\eloped  in  the  interior  of  bones  from  the  medulla. 
They  may  increase  in  size,  with  absorption  of  the  surrounding  bone,  until 
they  project  from  the  surface  like  exostoses.  Their  most  frequent  situa- 
tion is  in  the  bones  of  the  cranium  and  face. 

ChoDdromata. —These  tumors  may  be  single  or  multiple,  and  most  fre- 
quently grow  from  the  interior  of  the  bone,  but  sometimes  from  the 
periosteum.  They  are  prone  to  form  various  eombiuations  with  other 
forms  of  tumors,  as  fibonia,  myxoma,  sareoma,  etc.  They  are  frequently 
congenital,  and  are  most  common  in  young  people.  They  occur  most 
frequently  in  the  bones  of  the  hand  and  foot. 

There  is  a  form  of  choudroma,  called  osteoid  chondroma,  which  develops 
beneath  the  periosteum,  most  frequently  in  the  femur  and  tibia  near  the 
knee  joint,  forming  a  club-shaped  enlargement  of  the  bone.  The  char- 
acteristic of  the  tissue  composing  these  tumors  is  that  it  resembles  some- 
what the  immature  bone  tissue  which  is  seen  beneath  the  periosteum 
in  developing  boue.  It  difi'ers  from  cartilage  in  the  irregular  shape  of 
its  cells,  in  the  fibrillation  and  density  of  the  basement  substance,  and  in 
its  general  vascularity.  On  the  other  hand,  it  has  not  the  inorganic  con- 
tents or  appearance  of  trne  bone.  It  resembles  considerably  the  callous 
tissue  forming  about  fractures  of  the  bones.     It  may,  however,  and  most 
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frequently  does,  become  converted,  in  some  parts  of  the  tumor,  into  tme 
bone.  On  tlie  other  hand,  combinations  irith  sarcomatous  tissae  are  of 
frequent  occurrence  (see  below). 

Sarcoma  is  especially  common  in  the  bones.  It  grows  from  the  inner 
layers  of  the  periosteum  or  from  the  medulla,  so  that  we  may  distinguish 
a  periosteal  and  a  mydogenic  sarcoma.  Sometimes  the  tumor  involves  the 
bone  itself  so  early  that  it  is  impossible  to  say  whether  the  tumor  began 
in  the  periosteum  or  iu  the  medulla.  There  is  also  a  variety  which  grows 
close  to  the  outside  of  the  periosteum  and  becomes  connected  with  it — 
parogteal  sarcoma. 

The  periosteal  sarcomata  usually  belong  to  the  varieties  flbro-,  myxo-, 
chondro-,  and  osteo-sarcoma,  more  rarely  to  the  medullary  variety. 
They  commence  in  the  inner  layers  of  the  periosteum,  pnshing  this  mem- 
braue  outward.     After  a  time  the  periosteum  is  involved  and  the  tumor 
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invades  the  surrounding  soft  parts.  The  bone  beneath  may  remaiu  nor- 
mal, or  may  be  eroded  and  gradually  disappear  until  the  tumor  is  con- 
tinuous with  the  medulla.  Portions  of  tlie  tumor  may  be  calcified,  or  a 
growth  of  new  bone  may  accompany  its  growth.  The  new  bone  usually 
takes  the  form  of  plates,  or  spicula,  radiating  outward  (Fig.  193).  The 
minute  structure  of  these  tumors  is  very  variable.  The  simplest — the 
fibro- sarcomata — are  composed  of  fusiform,  round,  stellate,  and  some- 
times giant  cells  (myeloplaxes),  in  varying  proportions,  packed  closely 
in  a  fibrous  stroma.  In  the  medullary  form  the  stroma  is  diminished 
to  a  minimum  and  the  ronnd  cells  are  most  numerous.  In  the  chondro- 
and  myxo-sarcoma  the  basement  substance  may  be  hyaline  or  mucous, 
and  the  cells  follow  the  type  of  cartilage  and  mucous  tissue  more  or  less 
closely.  There  is  a  mixed  form  of  tumor,  called  osteoid  sarcoma,  which 
is  very  apt  to  spread  and  to  form  metastases.  The  gro^'th  consists  in 
part  of  tissue  correspondiug  to  fibrosarcoma  and  rouud-celled  sarcoma. 
In  addition  to  this  there  occurs,  in  greater  or  less  quantity,  immature 
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bone  tissue,  called  osteoid  tissue,  which  may  in  part  become  calcified,  the 
calcification  usaally  occurring  in  the  central  portions,  leaving  a  softer 
peripheral  zone.  This  form  of  tumor  is  most  apt  to  occur  at  the  ends  of 
the  long  bones,  and  may  form  tumors  of  large  size.  It. is  often  called, 
on  account  of  its  tendency  to  extend  and  t«  form  metastases,  nuUiffnanl 
osteoma  or  osteoid  cancer.  An^io-sarcotnaUi 
are  of  freqnent  occurrence  iu  bone. 

Sarcomata  may  originate  ia  the  medulla 
— myelogenic ' — and  may  grow  rapidly. 
The  bone  surrounding  them  is  destroyed 
and  they  project  as  rounded  tumors.  Most 
frequently  new  bone  is  formed  beueath  the 
periosteum,  so  that  the  tumor  is  enclosed 
iu  a  thin,  bony  shell  (Fig.  494) ;  sometimes 
there  are  also  plates  of  bone  iu  the  tumor; 
sometimes  the  periosteum  is  unaltered; 
sometimes  it  is  perforated  and  the  tumor 
iuvades  the  surroundiug  soft  parts.  The 
tumors  are  frequently  veiy  soft,  vascular, 
and  hffimorrbagic  in  parts,  or  may  euclose 
cysts  filled  with  tumor  detritus  and  blood. 
They  are  usually  of  the  spindle  or  round- 
celled  variety,  and  uot  infrequently  contain 
giant  cells. 

Sarcomata  may  originate  in  the  outer 
layers  of  the  periosteum— jwrorfeo/.  They 
may  be  as  firmly  eouuecfcd  with  the  bone 
as  is  the  periosteal  form.  The  periosteum 
may  remain  intact  between  the  tumor  and 
the  bone,  or  it  may  disappear  and  leave 
them  in  apposition.  Endotiielioma  of  bone 
is  not  uncommon. 

Angioma. — A  very  large  number  of  the 
tumors  which  have  been  described  under 
this  name  are  really  very  vascular  sarco- 
mata.     Cavernous   angiomata  may   form        fii.  iw.— MrsumKNicSiHcoiii  or 

,,  „  .,  11.  J-.-  THE  STEBNCU. 

between  the  periosteum  and  bone  and  inti- 
mately connected  with  the  latter.  There  are  several  cases  described  of 
cavities  filled  with  blood  in  the  interior  of  bones,  which  it  is  difiicult  to 
interpret.  They  have  mostly  been  found  in  the  bead  of  the  tibia.  They 
are  said  to  have  consisted  of  single  aaes  composed  of  thickened  peri- 
osteum, lined  with  plates  of  bone,  and  filled  with  fluid  and  clotted 
blood.  No  large  vessels  communicated  with  the  sacs,  but  their  walls 
were  covered  with  a  lich  vascular  plexus,  branches  of  which  opeued  into 
the  cavity  of  the  sac. 
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Cuoinoina. — Primary  carcinoma  is  of  donbtfDl  occurrence  iu  tlie 
bones.  Most  of  the  structures  thus  uamed  have  doubtless  been  sar- 
comata or  endotlieliomata.  Secondary  carciDoma,  on  the  other  baud, 
as  a  result  of  metastases  or  local  extension,  is  not  infrequent.  Metas- 
tatic earcinomata  may  occur  in  the  bones  of  various  parts  of  the  body 
at  the  same  time,  and  are  most  apt  to  be  secondary  to  carcinoma  of  the 
mamma. 

Cyita. — These  most  frequently  occur  in  the  maxillary  bones  (page  349) 
in  connection  with  the  teeth.  They  may  be  unilocular  or  multilocular, 
and  contain  clear  serum  or  a  mucous  or  brown  fluid,  and  sometimes  eho- 
lesterin.  They  may  be  lined  with  epithelium.  They  begin  in  the  interior 
of  the  bone,  and,  as  they  increase  in  size,  expand  it  until  they  may  be 
covered  with  only  a  thin  shell  of  bone.  They  may  reach  a  large  size, 
even  as  large  as  a  child's  head. 

Dermoid  CysU  are  occasionally  found  iu  connection  with  the  bones, 
particularly  of  the  skull.' 

The  Joints. 

For  a  description  of  the  dislocations,  misplacements,  and  injuries  of 
the  joints  we  refer  to  works  on  surgery. 


DEOENBBATION. 

Fatty  degeneration  of  the  cartilage  cells,  mucous  degeneration,  aud 
gbrillatioQ  of  the  stjoma  with  softening,  aud  often  roughening,  of  the 
joint  surfaces,  calcification  and  amyloid  degeneration,  may  occur  in 
inflammation,  or  as  a  senile  alteration,  or  under  other  conditions.  The 
cartilage  is  usually,  under  these  conditions,  whiter  and  more  opaque  than 
normal. 

INFLAMMATION.    (Arthritu.) 

Exudative  Arthritis. — The  earlier  stages  of  acute  inflammation  of  the 
syuovial  membranes  are  better  known  from  experimeuts  on  animals  than 
from  post-mortem  examinations.  The  fii-st  changes  are  swelling  and 
congestion  of  the  membrane,  with  increased  growth  and  desquamation  of 
the  lining  cells,  aud  infiltration  of  the  membrane  with  lymphoid  cells. 
These  conditions  are  soou  followed  by  an  exudation. 

In  Berooa  Arthritis  the  accumulation  of  serum  within  the  synovial  sac 
is  the  most  prominent  lesion.  The  disease  may  terminate  in  recovery,  or 
become  chronic,  or  pass  into  the  suppurative  form.  It  may  be  incited 
by  coutusious,  penetrating  wounds,  gonorrhoea,  rheumatism,  or  it  may 
occur  without  evident  cause. 

Sero-fibrinons  Arthritis  may  occur  under  the  same  conditions  as  those 
which  lead  to  simple  serous  inflammation.     The  fibrin  may  be  pi'cseut 
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largely  as  flocculi  in  the  aemm,  or  it  may  form  false  membranes  over  the 
enrfacea  of  the  joint. 

Bapporative  Arthritii  may  follow  or  be  associated  with  the  above  forms 
of  inflammation.  The  synovial  membrane  is  thickened  and  clondy,  and 
there  may  be  but  a  moderate  amount  of  pns  in  the  joint,  and  a  slight 
d^ree  of  infiltration  of  the  synovial  membrane  with  pns  cells.  Under 
these  conditioQS  resolution  may  occur. 

In  other  cases  the  accumulation  of  pus  in  the  cavity  may  be  gre^ 
the  synovial  membrane  aud  its  surrounding  tissne  densely  infiltrated 
with  pus  cells.  Under  these  conditions  grannlatioQ  tissue  is  apt  to 
form  aud  the  cartilages  of  the  joints  are  apt  to  become  involved. 
There  are  swelling  aud  proliferation  or  degeneration  of  the  cartilage 
cells;  the  basement  substance  becomes  disintegrated,  nloerates,  and 
exposes  the  boue.  In  which  osteitis,  caries,  rarefaction,  etc.,  may  occur. 
The  new-formed  granulation  tissue  may  penetrate  the  cartilage,  absorb- 
ing the  basement  substance,  and  by  metaplasia  the  cartilage  tissue  may  be 
converted  into  embryonal  or  granulation  tissue.  The  pus  may  break 
through  the  capsule  of  the  joint  and  form  lai^  abscesses  in  the  adjacent 
soft  parts.  Sometimes  the  inflanmiation  is  not  only  suppurative  but  gan- 
grenous, and  runs  a  rapidly  fatal  course.  The  synovial  membrane,  artic- 
ular cartilages,  and  ends  of  the  bone  all  undergo  a  rapid  suppuration 
and  gangrene.  Acute  arthritis  may  be  incited  by  trauma,  or  it  may 
be  associated  with  pytemia,  smallpox,  measles,  scarlet  fever,  pneumonia,' 
gonorrhtea,'  diphtherTa,  mumps,  typhus  (ever,  glanders,  the  puerperal 
condition,  or  other  infectious  diseases.  In  these  cases  the  process  is  apt 
to  be  suppurative,  aud  is  induced  by  various  forms  of  bacteria. 

Chronic  Arthritii  may  begin  as  such,  or  it  may  be  the  result  of  previous 
acute  inflammation.  There  is  an  increase  of  fluid  in  the  joint.  This 
fluid  is  thin  and  serous,  or  is  thickened  with  flocculi  of  fibrin  and  epi- 
thelial and  lymphoid  cells,  or  is  thick,  syrupy,  or  even  gelatinous.  The 
synovial  membrane  is  at  fltst  congested,  its  tufts  are  prominent.  Later  it 
becomes  thickened,  sclerosed,  aud  aufemic;  the  epithelium  is  destroyed, 
and  the  tufts  become  large  and  projecting.  From  the  distention  of  the 
capsule  there  may  be  subluxations  or  luxuations  of  the  joint,  or  the  cap- 
sule may  be  ruptured. 

Rheumatic  Artluitia. — An  acute  infiammatiou,  usually  exudative  in 
character  aud  involving  one  joint  after  another,  is  characteristic  of  acute 
articular  rheumatism.     The  exudate  is  usually  serous. 

A  chronic  form  of  so-called  rheumatic  artliritis  is  most  common  in 
elderly  persons,  usually  affecting  several  joints  and  advancing  slowly  aud 
steadily.  There  is  a  fibrous  tbickeuing  of  the  synovial  membrane  and 
the  adjacent  tissue.  Fluid  accumulations  are  not  common.  The  artic- 
ular cartilages  are  apt  to  degenerate  or  ossify,  or  become  softened  and 
fibrillated,  and  they  may  disappear.  The  contracting  synovial  mem- 
branes and  fibrous  tissue  render  the  joints  stiff  and  may  cause  consider- 
e  Cave.  Laacet,  1901,  vol,  t.,  p.  82. 
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able  deformity.  Not  inf reqneutly  fibrons  and  bony  ankyloses  are  formed 
betw^een  the  ends  of  the  bones. 

Arthritii  deformani. — This  name  has  been  applied  bo  a  variety  of 
chronic  inflammation  of  the  joints  which,  combined  with  degeneration  of 
X>arts  of  the  joint  and  the  new  formation  of  bone,  may  result  in  marked 
def  onnities  of  the  part^ 

It  nsoally  occurs  in  elderly  persons  and  is  apt  to  involve  several 
joints,  most  frequently  the  hip,  knee,  fingers,  and  feet.  It  may  be  idio- 
pathic, or  due  to  rheumatism  or  to  injuries,  or  follow  an  acute  arthritis. 
The  capsules  of  the  affected  joints  are  thickened  and  sclerosed.  The 
synovial  fluid  is  at  flrst  increased  in  quantity ;  later,  diminished  and 
thickened.  The  tufts  of  the  synovial  membrane  become  much  enlai^ed 
and  vascular ;  they  may  be  converted  into  cartilage.  Sometimes  the  cap* 
sule  becomes  ossified.  The  new  boae  grows  from  the  edge  of  the  carti- 
lage within  the  capsule  and  its  articular  surface  is  covered  with  cartilage. 
The  articolar  cartilages  are  much  changed.  The  basement  substance 
splits  iuto  tufts,  while  the  cartilage  cells  are  increased  in  number.  Or 
the  basement  substance  becomes  fibrous;  or  it  is  split  into  lamellie  and 
the  cartil^e  cells  are  multiplied;  or  there  are  fatty  degeneration  and 
atrophy. 

Ab  a  result  of  these  changes,  lat^r  or  smaller  portions  of  the  cartilage 
are  destroyed  and  the  bone  beneath  is  laid  bare.  The  exposed  bone  may 
become  compact  and  of  ao  ivory  smoothness.  The  ends  of  the  bones  are 
much  deformed.  They  are  flattened  and  made  broader  by  irregular  new 
growths  of  bone,  while  at  the  same  time  they  atrophy.  The  new  growth 
of  bone  starts  from  the  articular  cartilages.  The  cartil^e  cells  increase 
in  number  and  the  basement  substance  grows  in  quantity.  This  growth 
is  moat  excessive  at  the  e^e  of  the  cartilage,  so  that  a  projecting  rim  is 
formed  there.  This  projecting  rim  may  ossify  next  the  bone,  and  at  the 
same  time  new  cartilage  may  form  on  its  surface,  so  that  we  may  find 
large  masses  of  bone  covered  with  cartil^e.  All  these  changes  occur  in 
various  combinations  and  sequences,  so  that  joints  in  this  condition  pre- 
sent the  greatest  variety  of  appearances. 

Arthritii  Vritioa  (Gouty  Arthritis). — This  lesion  is  characterized  by  the 
deposit  of  salts  of  uric  acid  in  the  cartilages,  bones,  and  ligaments,  and 
fUso  in  the  cavities  of  joints.  The  deposits  may  be  iu  the  form  of  stellate 
masses  of  acicular  crsytals  in  and  about  the  cartilage  cells  or  in  the  base- 
ment substance ;  or  they  may  be  deposited  in  the  fibrillar  connective- 
■tissue  structures  of  the  joint  in  single  crystals,  or  in  the  subcutaneous 
tissue  about  the  joint  as  white  concretions.  The  deposits  may  occur  iu 
repeated  attacks  of  the  disease,  and  are  accompanied  by  acute  inflam- 
matory changes.  They  may  lead  to  various  forms  of  chronic  inflamma- 
tion of  the  joints. 

Taberonloog  Arthritii. — This  process  may  commence  in  the  joint  itself, 
or  may  extend  to  it  from  adjacent  bone.  It  is  characterized  by  the  for- 
mation of  tubercle  tissue  and  granulation  tissue,  sometimes  in  great  quan- 
tity, and  is  usually  associated  with  secondary  inflammatory  and  degener- 
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atrive  chauges  of  sorrouiidiDg  parts.  According  to  the  prominence  of 
one  or  other  of  these  secondary  alterationB,  several  forms  of  tuberculous 
arthritis  may  be  distinguished.  If  there  is  an  excessive  growth  of  gran- 
olatJon  tissue  without  much  suppuratiou,  this  constitutes  nfungous/omt. 
Sometimes  there  is  extensive  suppuration,  so  that  the  cavity  of  the  joint 
may  be  filled  with  pus,  which  may  be  discharged  through  openings  in 
the  skin ;  or  there  may  be  more  or  less  exteusive  formation  of  abscesses, 
or  iufiltration  of  the  soft  parts  about  the  joint  with  puB.  Id  other  cases 
there  is  dlsint^ration  of  the  new-formed  tuberculous  tissue  and  of  the 
tissues  of  the  joint — ulcerative  form.  The  cartilage  basement  substance 
may  become  split  into  fragments  and  the  cells  degenerate,  and  thus  deep 
and  destructive  ulcers  of  the  cartilage  may  be  formed.  Or  the  new  tissue 
may  work  its  way  through  the  cartilage  into  the  bone  beneath,  by  absorp- 
tion of  the  basement  substance  of  the  cartilage,  with  or  without  prolifer- 
ation of  its  cells.  Caries  and  uecrosis  of  the  underlying  bone  may  lead 
to  extensive  destruction.  Hand-in-hand  with  these  alterations  subperi- 
osteal new  formation  of  bone  may  occur,  or  sclerosis  of  the  adjacent 
bone  tissue.  There  may  also  be  a  great  increase  of  fibrous  tissue  about 
the  joint. 

This  disease  is  most  common  in  children  and  yonug  persons.  The 
so-called  scrofulous  diathesis  is  said  to  foster  it,  but  local  injuries  are 
frequently  the  predisposing  factors.  It  is  most  common  in  the  large 
joints.  It  may  occur  in  connection  with  tuberculous  inflammation  in  other 
parts  of  the  body,  but  it  is  frequently  quite  local,  and  may  remain  so 
for  a  very  long  time  or  permanently,  since  general  infection  from  tuber- 
culous arthritis  is  comparatively  infrequent. 

The  process  is  usually  slow,  and  may  end  in  death.  If  recovery  takes 
place  before  the  cartilages  and  bones  are  involved,  the  joint  is  preserved ; 
but  it  may  be  stiffened,  or  eveu  immovable,  from  the  contraction  of  the 
new  fibrous  tissue  around  it.  If  the  cartilages  and  bones  are  diseased 
the  joint  is  destroyed,  and  either  bony  or  fibrous  ankylosis  results. 
Sometimes,  from  the  change  in  the  articulating  surfaces  and  the  contrac- 
tion of  the  muscles  and  the  new  fibrous  tissue,  partial  or  complete  dis- 
locations are  produced. 

Occasionally  miliary  tubercles  occur  in  the  synovial  membranes  in 
cases  of  general  miliary  tuberculosis,  with  but  little  accompanying  simple 
inflammatory  change. 


Secondary  tumors  of  the  joints  as  a  result  of  local  extension  from  the 
adjacent  parts  are  not  uncommon,  and  the  tumors  may  be  of  various 
kinds.     Primary  tumors  of  the  joints,  on  the  contrary,  are  not  very 


Lipoma. — A  new  growth  of  fat  tissue  may  begin  in  the  other  portions 
of  the  synovial  membrane,  push  this  inward,  and  project  into  the  joint 
in  a  mass  of  tufts — lipoma  arborescens. 
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Fibroma  occurs  asau  hypertrophy  of  the  little  tufts  and  fringes  of  the 
synovial  ineuibrane.  la  this  way  large  jjolypoid  and  dendritic  bodies 
are  formed.  The  pedicles  of  these  growths  may  atrophy  and  eveu  dis- 
appear, so  that  the  growths  are  left  free  in  the  cavities  of  the  joints. 

Corpora  aliena  Articaloram  (Loobo  Cartilagsa  in  the  Jointa).— This  name 
is  gi\en  to  bodies,  of  various  structure  and  origin,  which  are  fouud  free 
or  attached  by  slender  pedicles  in  the  cavities  of  the  joints.  They  are 
most  frequently  found  iu  the  knee ;  next  in  order  of  frequency  in  the 
elbow,  hip,  ankle,  shoulder,  and  masillarj'  joints.  They  may  be  single 
or  in  hundreds.  Their  size  varies  from  that  of  a  pin's  head  to  that  of 
the  patella.  They  are  polypoid,  rounded,  egg-shaped,  or  almond- 
shaped  ;  their  surface  is  smooth  or  faceted,  or  roogh  and  mulberry-like. 
They  are  composed  of  fibrous  tissue,  cartilage,  and  bone  in  varioos  pro- 
portions. 
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CHAPTER  XIII. 

VOLUNTARY  MTJSCIiB. 

NECROSIS. 

Necbosis  of  muscle  may  be  the  local  result  of  mechanical  or  chemical 
iujurj';  it  occurs  iii  inflammatory  foci,  and  may  follow  serious  local  dis- 
tiu-baucesof  theci'^ulatioH,  as  from  pressure  by  tiuuorsor  cicatrices,  etc 
The  muscle  fibres  may  gradually  lose  their  striatious,  become  granular  and 
disintegrate,  or  the  muscle  substance  may  become  homogeneous  aud 
strongly  refractile  and  break  into  irregular  masses.  Necrotic  muscle 
fibres  are  finally  removed  by  the  direct  action  of  phagocytes  or  after 
various  transformations  leading  to  solution  (see  page  117). 

ATBOPHT   AND   HTFEBTROPHT. 

Simple  Atrophy. — This  may  occur  in  old  age,  in  prolonged  exhausting 
disea-ses.  or  as  a  result  of  pres.sure  from  a  foreign  body,  tumors,  etc. 
The  muscle  fibres  grow  narrower,  the  degree  of  narrowing  frequently 
\arying  considerably  in  different  parts.  They  usually  retain  the  stria- 
lions,  but  these  may  be  obscured  by  degenerative  changes.  The  sarco- 
lemiuit  may  become  thickened,  and  there  may  be  a  considerable  increase 
in  connective  tissue  between  the  muscle  fibre-s  aud  bundles.  Brown  pig- 
ment particles  may  accumulate  in  the  atrophied  fibres, 

Progreuive  Mnsoular  Atrophy. — This  lesion  consists  essentially  in  a 
combination  of  simple  or  deg(uieniti\-e  atrophy  of  the  muscle  fibres  with 
chronic  interstitial  inflaninmtiou,  and  is  sometimes  associated  with  pro- 
lifemtive  changes  in  the  muscle  nuclei.  In  the  earlier  stages  of  the  dis- 
ease the  muscles  may  be  pale  and  soft,  but  exhibit  otherwiHe  to  the  naked 
eye  but  little  alteration.  (Jradually,  however,  the  muscle  substance  be- 
comes replaced  by  coiniecti\e  tissue,  so  that  in  marked  and  advanced 
cases  the  muscles  are  converted  into  fibrous  bands  or  cords,  whose  cica- 
tricial contraction  may  induce  great  deformities. 

Microscopical  ctamination  shows  iu  the  early  stages  of  the  disease  a 
proliferation  of  cells  in  the  interstitial  tissue,  so  that  this  may  have  the 
appearance  of  granulation  or  embryonal  tissue ;  also  in  some  cases  marked 
proliferative  changes  iu  the  muscle  nuclei  (Pig.  405),  leading  to  the 
formation  of  new  cells  which  may  more  or  less  replace  the  contractile 
suKstance  within  the  sareolemma.  The  new  interstitial  tissue  increases 
in  (|Uiuitity  and  grows  denser,  and  may  crowd  the  muscle  fibres  apai't 
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(Fig.  49B).  The  walls  of  the  blood  vessels  may  also  become  thickened. 
Hand-iQ-liand  with  these  iuterstitial  alterations  the  atrophy  of  the  muscle 
fibres  proceeds.  These  may  simply  grow  narrower,  retaining  their  stria- 
tions;  or  they  may  split  up  into  longitudinal  fibrillae,  or  transversely 
iut«  discoid  masses,  and  in  this  condition  disappear.  In  other  cases  a 
certain  aiiiouut  of  fatty  or  hyaline  degeneration  may  be  present.  These 
degenerative  and  proliferative  changes  do  not,  as  a  rule,  occur  uniformly 
in  the  affected  muscles,  but  some  parts  are  affected  ewlier  aud  more 
markedly  than  others.     The  atrophied  muscle  may  be  replaced  by  fat. 

Progressive  muscular  atrophy  is  apt  to  commence  in  the  small  muscles 
of  the  extremities,  in  many  cases  in  the  muscles  of  the  ball  of  the  thumb. 
It  may  commence  in  the  muscles  of  the  shoulder,  the  arms,  or  the  back. 


Fio.  4fin.— PHOGHEsaivK  Hi'scrLAH  Atropht  (BoleuB  luuMle.  InngttudinsI  wctlon). 
a.  Atropblcd  muscle  Obre;  h.  degeneraled  musrip  llbre;  c.  luMrsUllal  Uuue:  <!.  clusters  o[  prollfereli'd 

It  may  have  a  continuous  extension,  or  it  may  jump  single  muscles  or 
groups  of  muscles.  Death  may  be  induced  by  the  affection  of  the 
muscles  of  respiiation  or  deglutition. 

The  causes  of  this  lesion  are  in  many  cases  unknown,  and  there  is 
considerable  lack  of  unanimity  of  opinion  as  to  whether  it  is  prinmrily  a 
disease  of  the  muscles  or  of  the  nervous  system.  In  a  considerable  pro- 
portion of  cases  the  muscle  lesion  is  associated  with  atrophy  of  the  gan- 
glion cells  in  the  anterior  cornua  of  the  spinal  cord  and  the  development 
of  connective  tissue  about  them.  In  other  cases  these  changes  in  the 
cord  may  apparently  be  absent. 

It  is  sometimes  accompanied  by  atrophy  of  the  nerves  which  are  dis- 
tributed to  the  mnscles.  and  atrophy  of  the  anterior  roots  has  been 
described. 

It  is  probable  that  there  are  several  varieties  of  progressive  muscular 
atrophy,  which  our  ])resent  knowledge  does  not  enable  us  clearly  to  dis- 
tinguish.    Muscular  atrophy  in  some  cases  follows  overstraining  of  groups 
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of  muscles,  or  injuries,  aud  may  occur  as  oue  of  the  seqnelfc  of  typlioid 
fever  aud  diphtlieria. 

Hypertrophy. ^True  liypertropby  of  uiuscle  as  a  pathological  eonditiou 
is  rare,  but  it  has  tieeu  descril)ed  iu  a  few  cases.  It  is  usually  eoiifiued 
to  cii-eiimscribed  groups  of  muscles.  Ou  microscopical  examiuatiou  the 
diameter  of  the  fibres  is  iucreased,  sometimes  cousiderably,  though  uot 
uuiformly.  The  transverse  striatiou  is  unaltered  and  the  muscle  nuclei 
are  in  some  cases  enlarged.     The  cause  of  the  change  is  unknown. 

Atrophia  UTucnlomm  lipom&toia  (Pundo-hypertrophy  of  the  Knulea). — 
In  some  cases,  haud-in-hand  with  the  production  of  new  connective  tissue 
in  the  muscles  and  the  atrophy  of  the  muscle  fibres,  or  after  these  changes 


Pia.  496.— Prorressitk  Mugcrum  Athofhy  (Soleua  musple.  trmiiivprae  secUon). 

n.  InrrcuedlnUrallUalUiwiU':  b.  nmrly  noimal  muwip  n^ns:  <.  df iren?ni(eil  muscle  flbm;  (t,  atiDpbled 
DiusrlH  Dbm :  e.  fLiuUtb  vt  pruliteniii^  musele  nuclei. 

have  made  constdei-able  progress,  there  occurs  a  development  of  fat 
tissue  lietween  the  fibres  (Fig.  497)  which  nay  prevent  any  apparent 
diminution  iu  the  size  of  the  muscles,  or  in  some  cases  may  even  give 
them  the  appearance  of  a  great  increase  in  size.  This  condition  is  of 
most  frequent  occurrence  in  children,  and  is  most  apt  to  appear  iu  the 
gastrocnemii  muscles.  In  the  upper  extremities  the  deltoid  and  triceps 
aT«  most  frequently  involved.  The  lesion  may  I>e  symmetrical,  affecting 
similar  muscles  on  both  sides  of  the  body,  or  it  may  be  unilateral.  Parts 
of  mnscle  bellies  may  be  affected. 

The  cause  of  this  form  of  atrophy  is  not  definitely  known.     Various 
lesions  of  the  spinal  cord  have  been  described  as  occurring  with  it ;  but. 
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ill  niaiij'  cases  at  least,  alteratioiiB  of  the  nervous  system  canoot  be 
detected.  TUe  writer  has  described  a  case '  in  which  this  lesion  was 
marked  in  the  gastrocnemii  in  coDiiection  with  multiple  false  neuromata. 

DEQENEBATION. 

Albnminoiu  B^flneration  of  striated  nniscle  occurs  as  a  mark  of  toxie- 
mia  in  acute  infectious  diseases,  and  may  lead  to  fatty  degeuemtion. 


Fatty  Degeneration,  with  greater  or  less  destruction  of  the  muscles, 
may  commence  with  a  simple  swelling  and  flue  granulation  of  the  tibres. 
As  the  process  goes  on,  smaller  and  larger  fat  droplets  appear  in  the  con- 
tractile substance,  which  loses  its  striatioua  and  becomes  friable,  and  may 
be  entirely  destroyed,  leaving  within  the  sarcolemma  a  mass  of  fatty 
detritus  which  may  finally  be  absorbed  and  disappear.  This  alteration 
may  occur  in  acute  parenchymatous  myositis  in  connection  with  various 
forms  of  atrophy,  in  prolouged  exhausting  diseases,  and  in  phosphorus 
poi  soiling. 

Hyaline  Segeneiation,— Under  a  variety  of  conditions  the  muscle  fibres 
undergo  a  series  of  changes,  leading  to  their  conversion  into  a  trans- 
lucent, highly  refractiie  material,  somewhat  resembling  amyloid  but  not 
giving  its  micro-chemical  reactions,  and  apparently  more  nearly  allied  to 
hyaline  material.  The  lesion  iu  the  muscle  which  we  are  cousidering  is 
often  called  waxy  degeveration,  from  the  peculiar  appearance  which  the 
muscles  present,  ^V^len  the  lesion  is  far  advanced  and  extensive  the 
muscles  are  brittle  and  have  a  grayish -yellow,  translucent  appearance. 
Microscopical  examination  of  various  stages  of  hyaline  degeneration  of 
muscle  shows  that  the  contractile  substance  of  the  fibres  becomes  at  first 
swollen  and  granular,  and  gradually  con\erted  into  hyaline  material  which 
may  present  the  outlines  of  the  swollen  fibres,  but  is  more  frequeutly 
'  Pnidilea,  American  Journal  of  JltiliCBl  Sciences,  .luly,  1880,  p.  134. 
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broken  into  lai^r  and  smaller  shapeless  clumps  (Fig,  498),  which  may 
disintegrate  and  finally  be  absorbed.  Hand-in-hand  with  these  changes 
there  usually  occurs  au  increase  iu  the  iuterfibrillar  connective  tissne, 
and  iu  certain  c:ise8  there  may  be  a  proliferation  of  the  muscle  nuclei 
and  a  new  formation  of  variously  shaped  cells  within  the  sarcolemma 
which  leads  to  the  regeneration  of  the  fibres.  As  a  result  of  the  brittle- 
uess  of  the  degenerated  muscles  they  are  apt  to  rupture,  and  in  this  way 
hiemorrhage  may  occur. 

This  form  of  degeneritiou  may  occur  in  pn^ressive  muscular  atrophy, 
in  vanous  infectious  diseases,  in  trichinosis,  with  local  inflammation, 
injuries,  freezing,  etc.  It  is,  however,  most  marked  and  frequent  in 
typhoid  fever.  In  this  disease  the  rectus  abdominis  and  the  aMuetors 
of  the  thigh  are  most  frequently  affected. 

Experimental  investigations  have  shown  that,  under  certain  condi- 
tions, very  similar  appearances  may  be  produced  in  the  muscles  by  post- 
mortem changes,  Viirious  changes — some  of  them  necrotic— are  at  pres- 
ent included  under  the  name  hyaline  degeneration  of  the  muscles. 

True  amyloid  d^eneration  is  rare. 

Hoen  has  described  a  peculiar  degeneration  witli  atrophy  of  the  stri- 
ated muscle  of  the  uvula,  in  which  a  series  of  bleb-like  structures  form 
along  the  fibres,  which  they  may  finally  replace.' 

Caloiflcation  of  muscle  is  of  rare  occurrence. 

Serous  or  Hydropic  Infiltration  of  muscle  fibres  occurs  under  various 
conditions  in  association  with  other  lesions.     Larger  and  smaller  spaces 


Fig.  *0«.— Hyaline  dkciskbaticin  (So-callkr  Waxy  DHiKKKriAiioN)  of  abdominal  Kcsclb  in 

filled  with  clear  fluid  are  present  between  the  fibres  and  often  over  small 
areas  largely  replacing  them.  Such  fluid-filled  spaces  are  often  called 
vacuoles. 

INJtTBIES,  HAMORIIHAOE,   AND  IHFASCTION. 

Wounds  and  Anptnre, — When  the  muscle  fibres  are  severed  by  wounds 
or  rupture  there  is  more  or  Ic^s  degeneration  of  the  divided  fibres,  and 
the  wound  may  heal  by  the  product  ion  of  gi-anulation  tissue,  which  grad- 
ually becomes  converted  into  cicatricial  tissue,  thus  binding  the  severed 
parts  together.  In  some  cases  thei-e  is  a  moderate  new  formation  of 
'Hoea,  Jour.  Eip,  Mwl.,  vol.  ill.,  p.  549,  1895, 
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muBcle  fibres  (see  page  100).  When  the  wound  does  uot  gape,  so  that 
the  severed  ends  are  not  much  separated,  there  may  be,  it  would  seem, 
a  direct  re-establishmeut  of  muscular  eoutiuuity  by  uew  de^'elopmeut 
of  muscle,  without  the  formation  of  much  new  connective  tissue. 

Hemorrhage. — This  may  occur  as  a  result  of  mechauical  injury ;  from 
rupture  of  the  fibres  by  convulsive  eoutraction,  as  in  tetanus ;  or  it  may 
occur  when  the  muscle  fibres  are  degenerated,  as  in  typhoid  fei'er ;  or  in 
eouuectiou  with  ceitain  general  diseases,  as  scurvy,  purpura,  hiemor- 
rhagic  diathesis,  septiciemia,  etc.     The  blood  is  usually  readily  absorbed. 

Embolic  In&rctlon  of  HuBclei  in  conuection  with  heart  diseaae  has  been 
described  in  a  few  cases,  but  it  is  rare. 


IITFLAUHATION.     (Hjroaltu.) 

Suppurative  Hyositis. — In  the  early  stages  of  this  lesion  the  mtiBcle  is 
hypenemic  and  cedematous,  aud  the  interstitial  tissue  more  or  less  infil- 
trated with  small  spheroidal  cells.  If  the  inflammation  becomes  intense 
there  may  be  an  excessive  aojumnlatiou  of  pus  cells,  either  diffusely  in 
the  interstitial  tissue  or  in  larger  and  smaller  masses.  Hand-in-hand 
with  this  cell  accuninlation  occur  degenerative  changes  in  the  muscle 
fibres.  By  pressure  their  nutrition  is  interfered  with  and  they  undergo 
granular,  fatty,  or  hyaline  degeneration  and  necrosis.  They  may  com- 
pletely disintegrate ;  or  gangrene  may  occur,  so  that  laiger  and  smaller 
masses  of  the  infiltrated  muscle  tissue  become  soft,  foul -smelling,  and 
converted  into  a  mass  of  detritus  in  which  but  little  muscle  structure  can 
be  detected  and  which  is  iutemiingled  with  bacteria.  In  other  cases 
there  may  lie  lai^er  and  smaller  abscesses  formed  in  the  muscle,  the 
muscle  tissue  itself  degenerating  and  disintegiBting  and  mixing  with  the 
contents  of  the  abscess,  or  being  pressed  aside  and  undeigoing  atrophy 
and  degeneration.  In  some  cases,  when  the  formation  of  pus  is  moderate 
in  amount,  there  may  be  restoration  by  formation  of  granulation  tissue 
■  between  the  muscle  fibres.  This  becomes  gi-adnally  dense  and  firm,  aud 
leads  to  nioi*  or  less  atrophy  of  the  muscle  fibres  by  pressure. 

Acute  suppurative  myositis  may  accompany  wounds;  it  is  very  com- 
mon in  acute  phlegmonous  infiammations  of  the  skin  aud  subcutaneous 
tissue,  and  often  accompanies  acute  infectious  diseases,  such  as  pyiemia, 
eosipelas,  etc.  In  most  cases  the  "pyogenic"  cocci  are  present  in  the 
inflammatory  foci.  Suppunition  not  infrequently  occurs  in  the  muscles 
adjacent  to  the  inflamed  mucous  membranes  in  dii>htheria. 

Chronio  Interstitial  MyositiB.— In  this  lesion  there  is  a  new  formation 
of  connective  tissue  between  the  iniiscle  fibres  or  bundles  of  fibres.  This 
new  issue  is  sometimes  very  cellular,  resembling  granulation  issue,  aud 
this  probably  represents  an  early  stage  of  the  disease.  In  other  cases 
(Fig.  idi))  dense  cicatricial  tissue  crowds  the  muscle  fibres  ax>art,  induc- 
ing atrophy  in  them,  and  sometimes  leading  to  their  complete  destruc- 
tion.    This  lesion,  the  analogue  of  chronic  interstitial  inflammation  of 
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tlie  internal  organs,  may  occur  in  muscles  ■which  are  adjacent  to  other 
parts  which  are  the  seat  of  chronic  iuflanmiatoty  processes.  It  may 
occur  in  muscles  which  are  not  used.  The  new  formation  of  fibrous  tis- 
sue seems  in  some  cases  to  be  secondary  to  atrophy  of  the  muscle  fibres. 
Ill  this  case  it  would  more  appropriately  be  called  replacement  fibrous 
hyperplasia. 

Hyoiitia  OHiflcans. — Under  conditions  and  for  reasons  which  we  do 
not  understand,  there  occasionally  occurs,  usually  in  young  persons,  a 
new  formation  of  bone  in  the  interstitial  tissue  of  muscles,  and  in  ten- 
dons, ligaments,  fasciie,  and  aponeu- 
roses.     This    sometimes    apparently 
starts  as  outgrowths  from  the  perios- 
teum, sometimes  not.     The  bone  for- 
mations are  apt  to  commence  about 
the  neck  and  hacik,  and  may  become 
very  widespread  ovev  the  body.     So 
far  as   the  muscles   are    concerned, 
there  is  usually  an  lncrea.se  of  con- 
nective ti.ssue  between  the  fibres  and 
bundles,  in  which  new  bone  is  formed, 
usually  in  elongated  and  sometimes 

in  spicnla-like  maRseH.  The  muscle  fiq.  4B9.-rjiRnNic:  istkiutitiat.  MTosiTig. 
fibres  nndergo  secondarily  a  greater 

or  less  degree  of  atrophy  or  degeneration.  There  may  be  fatty  infiltra- 
tion between  the  fibres,  and  ^'arious  deformities  are  produced  by  the 
shortening  and  progressive  immobility  of  the  affected  parts. 

"While  the  atwve  disesuse  is  a  progressive  and  frequently  a  general  one, 
there  may  be  uew  formation  of  bone  in  muscle  as  a  result  of  prolonged 
or  repeated  mechanical  irritation.  Thus  in  the  adductors  of  the  thigh 
in  persons  who  are  constantly  in  the  saddle,  or  in  the  deltoid  muscle  of 
soldiers  who  strike  this  part  with  their  weapons  in  drill,  there  may  be  a 
formation  of  bone.' 

TabercnlonB  and  Syphilitic  Inflammation  in  the  muscle  is  of  occasional 
occurrence ;  the  active  processes  are  iu  the  eouuecti\'e  tissue  and  blood- 
vessels, the  muscle  fibres  being  secondarily  involved  iu  various  phases 
of  atrophy  and  degeneratiou. 


TTTICOBS. 

The  tumors  of  the  muscles  usually  develop  in  the  connective  tissue. 
Fibroma,  chondroma,  lipoma,  myxoma,  sarcoma  may  occur  as  primary 
t\imors.  Carcinoma  and  sarcoma  may  occur  secondarily  in  the  muscles 
as  a  result  of  local  extension  from  adjacent  parts.  The  muscle  fibres 
are,  as  a  rule,  only  secondarily  affected  by  pressure,  etc.,  in  tumors  of 
is  ossificans  Ik  Witt.  Am.  Jour.  Med.  SeieDces,  vol 


Dijiiiztdb,  Google 


TOI.UNTAEY  MUBCLE. 


the  mnscles,  but  there  exist  observations  which  point  to  the  possibility 
of  a  proliferation  of  the  muscle  nuclei  and  the  new  formation  from  them 
of  cells  which  may  take  part  in  the  growth  of  the  tumor. 


FABASITEB. 


Trichina  spiralii  is  the  most  common  parasite  iu  the  muscles. 
CyiticerCDS  cellnloss  aud  Echinococcns  occasionally  occur. 
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CHAPTER  XIV. 

THE  NERVOUS  STSTEM. 
The  Membranes  and  the  Ventricles. 

THE  DURA   MATER   CEBEBBALIS. 


The  dura  mater  is  a  dense  connective -tissue  membmue  wliicli  serves  the  double 
purpose  of  a  periosteum  for  Ibe  inner  surface  of  the  cranial  bones,  and  of  an  investing 
membrane  for  tbe  brain.  It  is  itHelf  but  poorlf  supplied  with  blood -vessole,  but  it  con- 
tains the  large  veuous  sinuses  which  carry  the  blood  from  tbe  braiD.  LesiouR  of  tiie 
dura  mater,  therefore,  are  apt  lo  be  associated  with  lesions  of  tlic  cranial  bones,  of  tlie 
pia  mater,  or  of  ttie  venous  sinuses. 

Id  young  children  the  dura  maier  adheres  closely  to  the  inner  surface  of  the  cranial 
bones,  in  adults  it  is  mure  readily  detached,  and  in  old  persons  it  is  again  more  adher- 
ent. Chronic  inflammation  of  tbe  external  laycrsof  the  dura  mater  also  renders  it  more 
adherent  (o  the  bones. 

W  atHf Q-R.'R.'H  A  g-R 

Extravasated  blood  may  He  between  the  dura  mater  and  the  cranial 
bones,  in  the  substance  of  the  membrane,  or  between  the  dura  mater  and 
tlie  pia  mater. 

Heemorrbages  between  tbe  dnra  mater  and  the  cranial  Iwnes  are  usu- 
ally' due  to  bluws  and  injuries  of  tlie  bead,  are  oft«n  of  cousidemble  size, 
separating  the  membrane  from  the  bones,  and  may  compress  the  brain. 
They  are  often  associated  with  laeeration  of  tbe  brain,  and  with  htemor- 
rhages  between  the  dura  mater  and  pia  mater. 

Hsemorrhages  between  the  dura  mater  and  the  pia  mater  may  take 
place  from  the  vessels  of  either  membrane.  Those  from  the  \essels  of 
the  dura  may  result  from  chronic  paehyineniugitis. 

Hiemorrhages  into  the  8ul>stance  of  tlie  dura  mater  are  not  frequent 
and  are  usually  small. 

Pressure  on  the  heart  of  the  infant  in  delivery  may  cause  extra^■a.sa• 
tions  of  blood  between  the  bones  and  the  dura  mater,  as  well  as  between 
the  boues  and  the  iwricranium. 

THBOICB<»IS. 

Thrombosis  of  the  venous  sinuses  is  not  uncommon.  It  is  often  a-ssoei- 
ated  with  inflammation  of  the  dnra  mater  and  with  injuries  and  Indaiu- 
matiouB  of  the  brain  and  pia  mater,  of  tbe  cranial  bones,  of  the  middle 
ear,  and  of  the  scalp.     Like  thrombosis  in  other  parts  of  the  body.  It 
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may  occur  in  the  infectious  and  eshaustiug  diseases.  It  may  occur  in 
apparently  healtby  persous  without  diseovei-able  cause.  The  thrombi 
may  be  red  or  white  and  firm.  They  may  induce  no  secondary  changes, 
or  they  may  extend  into  the  veins  and  induce  hiemorrhagic  softeniug  of 
the  involved  areas  of  the  brain. 


INFLAHBIATION.    (Pachymeaungitia.) 

This  may  involve  the  external  layers  of  the  membrane,  paekymenin- 
gitia  externa,  or  the  internal  layers,  pachi/meniiiffitiii  interna.  It  may  be 
either  acute  or  chronic.  The  tissues  of  the  substance  of  the  dura  mater 
participate  to  a  greater  or  less  degree  in  these  changes,  but  the  chief 
lesions  are  upon  the  snrfaces. 

Acute  paohyraeningitis  externa  is  usually  secondary  to  injuries  or  dis- 
eases of  tbe  cranial  bones;   thus  it  may  be  incited  by  fractures  of  the 


INTESNA   HjiHOI(RHAOICA-~C]<ltOMC. 

At  UK  left  npar  llie  FCssela  ire  coDawllTe-llssue  vella  WDtalalng  blood  pigmeot. 

skoll,  either  depressed  or  not,  osteitis,  caries,  suppurative  iuflammation 
of  the  internal  and  middle  ear  and  of  the  mastoid  cells.  The  dura  mater 
is  commonly  congested  and  swollen,  and  may  contaiu  ^mall  ecchymoses. 
The  inflammation  is  usually  suppurative,  and  pus  may  accumulate  be- 
tween the  membrane  and  the  t>one,  or  in  the  substance  of  the  membrane. 
The  areas  of  iudammation  are  not  usually  extensive.  It  sometimes 
leads  to  thrombosis  of  the  venous  sinuses,  and  sometimes  gangrene  of  the 
dura  mater  occurs.  The  inflammation  may  extend  to  the  inner  surface 
of  the  dura  mater,  to  the  pia  mat«r  and  brain,  or  it  may  remain  localized 
and  undergo  resolution. 

Acute  pachymenii^tiB  Latema  may  be  secoudary  to  intiammatiou  of  the  * 
external  surface,  or  it  may  occur  as  a  complication  in  pyeemia,  puerperal 
fe^er,  chronic  diffuse  nephritis,  in  the  exanthemata  and  erysipelas,  or 
independently.     There  is  a  general  or  circumscribed  production  of  fibrin 
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and  pus,  so  that  tlie  iuterual  surface  of  the  membrane  is  lined  with  a 
layer  of  soft,  yellow  exudate. 

Simple  chronio  pachymenii^tis  consists  in  the  fonnation  of  new  cou- 
neeti\e  tissue  in  the  dura  mater,  by  which  it  becomes  thicker  and  iu 
many  cases  abnormally  adherent  to  the  bones  of  the  skull.  This  thick- 
ening may  be  general  or  circumscribed,  and  may  involve  the  entire 
thickness  of  the  membrane.  Not  infrequently,  when  the  external  layers 
are  especially  iuvolved,  firm  adhesions  to  the  skull  occur,  with  ossifica- 
tion of  the  outer  layers,  so  that  shreds  of  the  membrane  containing  little 
masses  of  bone  (osteophytes)  remain  sticking  to  the  skull  when  the  mem- 
brane is  stripped  off. 

Faohymenin^tii  Interna  HEBmorrhagica. — This  is  an  important  form 
of  chronic  inflammation  of  the  internal  layer  of  the  dura  mater,  charac- 
terized by  the  formation  of  layers  of  new  deli- 
cate connective  tissue  with  numerous  very  thin- 
walle<l  blood-vessels  from  which  the  blood  is 
prone  to  escape.  The  membrane  may  at  first 
appear  as  a  delicate  fibrinous  pellicle,  with  small 
red  spots  scattered  through  it,  or  it  may  look 
like  a  simple  reddish  or  brown  staining  of  the 
inner  .surface  of  the  dura  mater.  Microscopical 
examination  shows  this  membrane  to  consist,  of 
numerous  blood-vessels,  mostly  capillaries  with 
very  thin  walls,  which  may  be  distended  or  pouched,  and  which  have 
grown  out  from  the  vessels  of  the  dura  mater  (Pig.  500).  Between 
the  vessels  is  a  homogeneous  or  slightly  differentiated  basement  sub- 
stance, containing  a  variable  number  of  spheroidal,  fusiform,  or  brauch- 
ing  cells.  Red  blood  cells  in  variable  quantity,  blood  pigment  in 
various  form.':,  frequently  enclosed  in  the  new  cells,  and  small  calcareous 
concretions  (brain  sand)  (Fig.  501),  also  lie  in  the  intervascular  spaces. 
In  more  advanced  st^es  the  uew  membrane  maj'  become  greatly  thick- 
ened, its  outermost  layers  being  changed  into  dense  fibrous  tissue  with 
obliteration  of  the  vessels;  while  the  more  recently  formed  layei-s  are 
similar  in  stnicture  to  those  at  first  develoiwd.  Considerable  blood  usu- 
ally escapes  by  diapedesis  from  the  vessels  of  the  new  membrane  in  all 
stages  of  its  fonnation.  The  vessels  are  also  very  liable  to  rupture, 
giving  rise  to  extensive  hsemorrhages  either  into  the  substance  of  the 
membrane  or  between  it  and  the  pia  mater.  Sometimes  masses  of  new 
tissue  and  blood,  from  half  an  Inch  to  an  inch  or  more  in  tiiickness,  are 
in  this  way  formed,  greatly  compressing  the  brain.  These  new  mem- 
branes are  most  frequently  formed  o\er  the  convexity  of  the  brain,  but 
may  extend  over  nearly  the  entire  surface  of  the  dura  mater.  Some- 
times, when  old,  the  entire  membmne,  densely  pigmented  and  firm,  lies 
loosely  beneath  the  dura  mater  without  compressing  the  brain  or  giving 
any  clinical  indication  of  its  presence.  The  membrane  may  induce 
chronic  changes  in  the  pia  mater,  with  or  without  accompanying  changes 
in  the  cortical  portion  of  the  brain. 
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Earely,  seram  aceiunulates  between  the  layers  of  the  Lew  membrane, 
and  in  tliis  way  cysts  of  lai^e  size  may  be  formed.  In  rare  cases  diffuse 
suppuration  of  the  entire  new  membrane  oceui-s. 

The  slighter  degi-ees  of  this  form  of  inflammation  may  occasion  no 
symptoms  during  life.  They  are  not  infrequently  found  in  persons  suf- 
fering fi-om  various  chronic  brain  lesions  and  from  chronic  alcoholism, 
but  they  may  occur  unassociated  with  complicating  lesions.  The  more 
advanced  forms  of  the  lesion  are  frequently  found  in  idiots,  epileptics, 
etc. 

Tnbercnlooa  pachymeningitis  may  occur  secondarily  to  that  form  of  in- 
flammation in  the  pia  mater  or  the  bones,  or  as  a  part  of  general  uiliarj' 
tuberculosis.  The  tubercles  may  t>e  situated  on  either  surface  of  the 
membrane  or  in  its  substance,  and  may  be  single  or  aggregated,  forming 
lai'ge  ma'"'"'' 
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of  the  membrane.  Some  of  the  round-  aud  polyhedral -celled  forms  are 
soft  and  very  vascular,  and  are  apt  to  involve  the  neighboring  pia  mater 
and  brain  tissue,  or  the  bones  of  the  skull,  which  they  may  perforate. 
They  sometimes  project  through  the  opening  iu  the  skull  in  fungons, 
bleeding  masses. 

Psammomata  are  small  globular  tumors,  often  multiple  aud  pedicu- 
lated,  growing  from  the  inner  surface  of  the  dura  mater.     They  are  usu- 


Fia.  £02.— PsAHMOui  or  the  Dura  Hateb. 

ally  composed  of  tissue  fibrous,  sarcomatous  or  endotheliomatons  in  char- 
acter, and  contain  variously  shaped  calcareous  concretions  similar  in 
appearance  to  the  so-called  brain  sand'  (Fig.  502). 

THE  FIA    MATER    CEREBRALI8. 
Oeneral  Characters  of  the  Fia  Hater. 

The  ext«mal  surface  of  tlie  braio  is  iQvested  by  a  conoectire-tisaue  membrane 
which  covers  the  convolutions,  liips  down  into  the  sulci,  and  cxtendg  into  tlie  ventricles. 
Tliis  membrane  is  abundantly  supplied  with  blood -vessels,  and  from  it  aumcrous  vea- 
gets  rxteod  into  the  brain,  so  that  any  disturbance  in  tlic  circulation  of  the  blood  in  the 
pia  mater  involves  a  disturbance  In  the  circulation  of  the  blood  in  the  brain  also. 

Theconuectlve  tissue  which  makes  up  the  pia  mater  is  arranged  in  a  series  of  mem- 
branes and  fibres  reinforced  by  clastic  tissue,  so  arranged  as  to  form  a  spongy  membrane 
containing  numerous  cavities  more  or  less  filled  witli  fluid.  These  cavities  are  continu- 
ous with  the  perivascular  spaces  which  surround  the  vessels  that  pass  from  tlie  pia  mater 
into  tlie  brain.  Tlie  outer  layers  of  the  pia  mater  are  the  most  compact,  and  are  covered 
on  their  outer  surface  hy  a  continuous  layer  of  endothelial  cells.  Tliis  esternal  layer 
of  the  pill  mater  is  often  described  ns  a  separate  membrane  called  the  "  arachnoid,"  but 
It  Is  really  only  part  of  the  pia.  The  deeper  layers  of  the  pia  c<mlaln  the  blood- vessels. 
The  membranes  au<l  fibres  which  compose  the  pia  mater  are  partly  coated  with  cclla 
which  liRvc  irregnlar  and  delicate  cell  bodies  and  large,  distinct  nuclei. 

Along  the  boitlers  of  the  longitudinal  fissure,  and,  more  rarely,  on  tlic  under  sur- 
face of  the  brain,  are  a  nimilier  of  small,  white,  firm,  irregular  bodies,  the  Pacehionian 
tunliet.  They  vary  in  their  size,  their  number,  and  in  the  extent  of  the  surface  of  the 
hemispheres  which  they  cover.  Tlwy  may  perforate  tlie  dura  muter,  or.  more  rarely, 
tiic  wall  of  the  longitudinal  sinus,  and  may  produce  erosions  of  the  skull  bones.  Tliej 
are  composed  of  fibrous  tis.>"ue  and  may  undergo  fatty  or  calcareous  degeneration. 
We  are  ignorant  as  to  their  origin,  and  as  to  the  causes  of  their  variations  in  aze  and    . 
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aumber.  The  frequeocy  of  tlielr  occurrence,  and  tlie  abaence  of  any  kaown  patbolngi- 
cat  sigiiificaace,  warraot  our  regarding  tliem  as  esseDlially  nnrmal  structures. 

Tlie  pia  mater  is  frequently  thickened,  opaque,  and  white,  either  in  diffuse  patches 
or.  more  commonly,  along  the  course  of  the  vessels.  In  other  cases  single  or  multiple 
finiall  white  spots,  of  the  size  of  a  pin's  head  or  smaller,  may  be  seen  in  the  membrane, 
not  appreciably  elevated  above  tlie  surface,  but  due  to  localized  thickening.  These 
slight  opacities  of  the  pia  mater  are  commonly  believed  to  be  dependent  upon  repealwl 
congestions  of  the  membrane  or  upon  chronic  meningitis,  but  there  is  do  evideuce  tliat 
this  is  always  the  case.  Tliey  are  most  frequently  found  in  old  persons,  but  may  exist 
at  any  age,  and  do  not  necessarily  indicate  ttie  pre-existence  of  disease. 

The  amount  of  blood  contained  in  Ibe  vessels  of  die  pia  mater  after  death  varies 
greatly,  and  is  by  no  means  a  reliable  indication  of  the  amount  present  during  life.  In 
general  anaimia  the  vessels  of  1he  pia  maler  may  contain  little  blood,  but,  on  the  other 
hand,  they  sometimes  seem  to  contain  a  relatively  larger  amount  tlian  other  parts  of  the 
bntly.  In  cedema  of  the  brain  and  pia  muter  ttie  vessels  of  the  latter  may  contain  but  a 
small  amouDt  uf  blood. 
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certain.  Hfemorrhages  without  knowD  cause  not  infrequently  occur  in 
the  substance  of  the  pia  inater  in  young  children,  but  in  adults  they  are 
apt  to  be  the  result  of  injury.  Multiple  ecchymoses,  however,  in  the 
substance  of  the  pia  mater  sometimes  oc«ur  in  infectious  diseases  and 
also  in  acute  inflammation  of  the  pia  mater.  Haemorrhages  in  the  brain 
substance  may  lead  to  the  accumulation  of  blood  beueath  or  in  the 
nie.shes  of  the  pia  mater.  Intenoeningeal  hfemoiThage  in  iufants  as  a 
result  of  injury  during  birth  is  not  uncommon.  Small,  and  sometimes 
considerable,  estnuasatious  of  blood  may  occur  from  diapedesis,  and 
sometimes,  as  a  result  of  chronic  congestion,  degenerated  blood  pigmeut 
collects  along  the  walls  of  the  vessels.  The  extravasated  blood  in  menin- 
geal hffimorrhage,  if  small  in  quantity,  may  be  lai^ely  absorbed,  leaving 
a  greater  or  smaller  accumulation  of  pigment  at  the  seat  of  the  haemor- 
rhage.    Such  pigmentations  may  last  for  a  long  time. 

nfPLAMUATIOH.    (Heniikgitis— Leptomeiimgitis.) 

We  distinguish  acute,  chronic,  tuberculous,  and  syphilitic  meningitis. 

Acute  Henin^tia  may  occur  as  the  characteristic  lesiou  of  epidemic 
cerebro- spinal  meningitis;  it  is  a  not  verj'  infrequent  complication  of 
pneumonia,  typhus  and  typhoid  fever,  the  exanthemata,  and  of  chi-onic 
diffuse  nephritis;  it  may  be  secondary  to  injuries  and  inflammation  of 
the  cranial  bones,  of  the  dura  mater,  and  of  the  middle  ear,  and  it  some- 
times occurs  as  an  independent  infectious  process. 

In  acute  meningitis  the  inflammatory  process  is  apt  to  extend  down- 
ward and  involve  the  pia  mater  of  the  cord.  It  may  also  involve  the 
ependyma  of  the  ventricles,  and  cause  the  distention  of  these  cavi- 
ties with  serum.  This  latter  condition  is  especially  frequent  in  young 
children. 

It  is  convenient  to  consider  two  varieties  of  acute  meningitis,  one  in 
which  there  is  cell  proliferation  with  little  or  no  exudate,  the  other  in 
which  exudate  is  present.  In  many  cases  at  least  the  first  may  be  the 
early  stage  of  the  latter  form, 

1.  Acute  Cellul.\k  Meningitis. — The  pia  mater  is  congested,  its 
surface  is  dry  and  lustreless,  and  it  is  somewhat  opaque.  The  changes 
in  the  gross  appearance  of  the  membrane  are  not  marked  and  are  easily 
overlooked,  but  the  minute  changes  are  more  decided.  There  is  a  pro- 
liferation of  the  endothelial  and  connective-tissue  cells  of  the  pia,  and 
often  a  moderate  collection  of  fluid  and  leucocytes  in  the  meshes  of  the 
pia.  This  cell  proliferation  may  involve  the  pia  mater  over  most  of  the 
surface  of  the  brain.  This  form  of  meningitis  is  of  frequent  occurrence 
and  is  attended  with  the  ordinary  clinical  symptoms  of  acute  meningitis. 

2.  Acute  Exudative  5Ie.\'ingiti8  is  characterized  by  the  accumu- 
lation, chiefly  in  the  meshes  of  the  pia  mater  and  along  the  walls  of  the 
blood-vessels,  of  variable  quantities  of  serum,  fibrin,  and  pus.  Some- 
times one,  sometimes  another  of  these  preponderates,  giving  rise  to  ser- 
ous, fibrinous,  or  purulent  forms  of  the  infiammatlou.     The  absolute 
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quaDtitieB,  too,  of  the  exudations  varj'  greatly.  Iii  some  cases  death 
may  occur  with  so  slight  a  formatiou  of  exudate  that  to  the  naked  eye 
the  pia  mater  may  look  quite  normal  or  perhaps  ouly  moderately  hyper- 


semic  or  tedematous;  the  microscope,  however,  in  these  cases  will  reveal 
pus  cells  ill  small  numbers,  new-formed  connective-tissue  cells  (Fig.  503 
and  Fig.  504),  and  sometimes  flakes  of  fibrin  in  the  meshes  of  the  pia  aud 
alouj;  the  wails  of  the  vessels.  In  other  eases  turbid  serum  in  the  meshes 
of  the  membrane  is  all  that  can  be  seen,  and  the  microscope  shows  the 
turbidity  to  be  due  to  pus  cells  or  a  small  amount  of  fibrin.  Again, 
either  with  or  without  marked  (edema  of  the  pia  mater,  yellowish 
stripes  are  seen  along  the  sides  of  the  veins,  sometimes  appearing  like 
faint  tuibid  streaks,  and  at  others  dense,  opaque,  thick,  aud  wide,  aud 
almost  concealing  the  vessels.  These  are  due  to  the  accimiulation  of 
pus  cells  aud  fibrin  in  lai^e  quantities  along  the  vessels,  and  are  best 
seen  and  most  abundant  around  the  larger  veins  which  pass  over  the 
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sulci.  In  still  other  cases  the  infiltration  with  pus  and  fibrin  is  so  dense, 
thick,  and  general  that  the  brain  tissues,  convolutions,  and  most  of 
the  vessels  of  the  pia  mater  themselves  are  concealed  by  it.  This  pus  is 
usually  of  a  greenish -yellow  color,  and  is  sometimes  so  thick  as  to  form 
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a  sort  of  cast  of  the  brain  sorface  at  the  seat  of  the  lesion  (Fig.  505). 
Sometimes  extravasated  red  blood  cells  are  mingled  with  the  other  exa- 
datious,  as  the  result  of  diapedesis.  Microscopical  examination  shows 
nnmerons  white  blood  cells  sticking  in  the  walls  of  the  veins  and  capil- 
laries, or  the  vessels  may  be  blocked  with  them.  It  is  evident  that  a 
lai^  part  of  the  pas  cells  accumulate  as  the  result  of  emigration.  The 
connective -tissue  cells  of  the  pia  mater  may  be  detached  from  their 
places  or  degenerated.  In  some  cases  there  are  considerable  acctunala- 
tions  of  pus  between  the  pia  mater  and  the  brain  substance  and  along 
the  vessels  which  enter  the  latter.  More  rarely  pns  is  found  upon  the 
free  surface  of  the  membrane.  The  brain  substance  may  be  compressed 
by  the  accnmulated  exudate,  so  that  the  couvolations  are  flattened, 
lie  cortical  portion  of  the  brain  may  be  simply  infiltrated  with  serum 
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— tedeniatous — or  it  may  undergo  degenerative  changes,  or  it  may  be 
the  seat  of  punctate  htemorrhages.  Not  infrequently  the  inflammation 
extends  to  the  ventricles,  which  may  contain  purulent  serum,  and  to  the 
pia  mater  of  the  cord.  This  form  of  inflammation  is  most  frequent  on 
the  convexity  of  the  brain,  but  may  extend  or  even  t>e  confined  to  the 
base.  It  may  be  localized,  but  frequently  extends  widely  over  the  sur- 
faces of  the  hemispheres. 

\Vh3n  recovery  from  acute  exudative  meningitis  occurs  there  may  be 
fatty  degeneration  of  the  cells  which  have  accumulated  in  the  pia  mater, 
particularly  along  the  vessels  (Fig.  506),  and  this  may  produce  white 
patches  in  the  membrane  and  threads  along  the  blood-vessels,  which 
resemble  the  appearance  of  an  accumulation  of  exudate  in  the  acute 
stage.  Fatty  degeneration  of  the  blood-vessels  and  cells  of  the  pia 
mater  may  also  occur  without  acute  inflammatory  changes. 

Sometimes,  in  children  and  young  adults,  inflammatory  changes  io 
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the  ventricles  persist  for  days  and  weeks  after  tlie  subsidence  of  the  in- 
flammatioD  of  the  pia  mater. 

For  a  discussion  of  the  bacterial  excitauts  of  exudative  meuiugitia 
see  page  218." 

Chronic  Heningitii. — Either  the  pia  mater  at  the  base  of  the  brain 
aloue  may  be  inflamed  (basilar  meningitis),  or  the  pia  mater  over  the 
convexity  alone,  or  the  entire  pia  mater,  or  circumscribed  patches  of  the 
membrane.  The  pia  mater  is  thickened  and  oi>aque,  the  thickening 
being  sometimes  very  considerable.  There  is  a  formation  of  new  connec- 
tive tissue  and  this  may  be  associated  with  accumulation  of  pus,  fibrin, 
and  serum ;  the  relative  quantity  of  these  inflammatory  products  varies 
in  difl'erent  cases.  Firm  and  sometimes  extensive  adhesions  may  be 
formed  between  the  dura  mater  and  the  pia  mater.  Hot  infrequently  the 
cortical  portions  of  the  brain  participate  in  the  process,  and  tiiere  is  an 
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infiltration  of  small  spheroidal  cells  ai-ound  the  bloodvessels,  thickening 
of  the  walls  of  the  vessels,  and  degenerative  changes  and  atrophy  of  the 
nerve  tissue.  New  connective  tissue  may  also  form  in  the  brain  sub- 
stance, which  may  become  closely  adherent  to  the  pia  mater.  The  ven- 
tricles of  the  brain  also  may  contain  an  increased  amount  of  serum  and 
may  be  dilated ;  the  ependyma  may  be  thickened  and  roughened.  This 
form  of  inflammation  may  be  the  result  of  injury  or  disease  of  the  cra- 
nial bones,  or  secondary  to  chninic  pachymeningitis  or  to  inflammation  of 
the  brain  substance.  It  may  occur  in  the  vicinity  of  tumors  of  the  brain 
or  meninges.  It  may  be  a  complication  of  chronic  difl'use  nephritis  or 
the  result  of  chronic  alcoholic  poisoning.  It  may  occur  in  marked  form 
in  general  paresis  of  the  insane. 

'  The  close  topograpliic  relationships  wbich  the  noaal  cavities  and  the  middle  car 
bear  to  the  meninges  are  significant  in  tliis  connection  on  account  of  the  possibility  of 
the  tmnsmisaion  to  tlie  brain  membranes  of  bacteria  not  uncommonly  present  and  usu- 
ally liarmless  in  the  former  situations. 
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Tuberonlou  HeningitiB. — This  is  especially  characterized  by  the  forma- 
tion in  the  pia  mater  of  miliary  tubercles,  associated  with  more  or  less 
well-marked  exudative  iuflammatloQ.  It  way  occur  in  adults  aod  ia 
children,  but  is  more  common  iu  the  latter.  The  dura  mater  may  be 
nuchauged,  or  its  inner  surface  may  be  sprinkled  with  miliary  tubercles. 
The  pia  mater  may  or  may  not  be  congested ;  it  may  look  drj-  on  the  sur- 
face or  it  may  be  oedematous.  Usually  the  brain  seems  to  fill  the  cere- 
bral cavity  to  an  unusual  degree,  and  the  convolntious  are  flattened.  If 
the  pia  mater  be  (edematous  the  serum  may  be  clear,  or  turbid  with  pus 
aud  fibriu.  The  membrane  may  present  any  of  the  general  appearaucea 
of  exudative  meningitis.  But  always  in  addition  to  these,  and  sometimes 
without  them,  are  found  miliary  tubercles.  These  may  be  few  and  widely 
scattered,  or  present  iu  great  numbers.  They  are  most  numerous  along 
the  blood-vessels,  but  may  occur  anywhere.  They  are  usually  abundant 
at  the  base  of  the  brain.  On  the  convexity  they  are  most  common  along 
the  surfaces  of  the  sulci.  Some  of  the  tubercles  are  so  small  as  to  be 
scarcely  visible  or  entirely  invisible  to  the  naked  eye;  others  are  as  large 
as  a  pin's  head  or  lai^er.      Ttiey  may  be  formed  in  the  membranous 


k  1I07.-HII.UBT  TmniCLi  OF  thk  Pia  Matir  ot  a  Child. 

sUon  Bl  tbe  i-iMilm:  on  tbe  rlRbl  -4  Itilsare  two  Riant  cells:  tbiTe  Is  a  periptaenl 


prolongations  of  the  pia  mater  which  dip  into  the  sulci,  around  the  ves- 
sels which  enter  the  brain  substance,  in  the  choroid  plexus  and  epeudyma 
of  the  veutricles,  and  may  exist  in  the  spinal  cord. 

The  miliary  tubercles  ha^e  the  usual  structural  characters  of  focal 
tuberculosis  iu  connective  tissue  (Fig.  507). 

In  children  the  ventricles  are  usually  more  or  leas  distended  by  an 
accumulation  of  transparent  or  turbid  serum,  and  the  walls  of  the  ven- 
tricles may  be  studded  with  miliary  tubercles  (see  Fig.  508).  In  adults 
the  ventricles  are  less  frequently  involved.  The  brain  tissue  around 
the  ventricles  is  often  softened.  The  central  canal  of  the  spinal  cord 
may  also  be  dilated.  It  is  the  dilatation  of  the  ventricles  which  causes 
the  flattening  of  the  convolutions,  and  the  flattening  is  usually  in  dii-ect 
pi-oportiou  to  the  amount  of  accumnlated  fluid. 

Owing  to  the  frequency  of  the  dilatation  of  the  ventricles  with  serum 
in  children,  the  disease  is  often  called  acute  hydroecphahis. 

In  both  children  and  adults  the  tuberculous  inflammation  may  produce 
large  masses  of  tnt>erculous  tissue,  which  undergo  cheesy  degeneration, 
and  may  involve  the  hraiu  tissue. 
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lu  almost  all  cases  of  tuberculous  meningitis  there  is  tuberculous 
inflammation  in  other  parts  of  the  body. 

Miliary  tubercles  in  the  choroid  of  the  eye  are  present  in  a  considerable 
proportion  of  cases. 

The  cortex  of  the  brain  may  be  hypertemic,  and  pTinctate  htemor- 
rhi^es  may  be  present  in  the  cortex  and  in  the  pia  mater. 

Syphilitic  Meningitifl.— In  this  form  of  inflammation,  which  is  usually 
circumscribed,  there  is  a  development  of  gummy  tumors  of  variable  size, 
frequently  associated  with  simple  inflammation  of  the  membrane,  either 


Fro.  ma— A  muAKT  Ti-bkrclk  or  thk  EPirjirirMA  or  the  T.atfr»t.  VrNTRccLc. 
This  shorn  an  mrly  stage  nl  luhercl**  (omiBlInn  on  llie  ependyma  uilhniil  marked  mseallon. 

with  the  formation  of  serum,  fibrin,  and  pus.  or  with  the  development 
of  new  connective  tissue  and  consequent  thickening  of  the  membrane. 
The  gnmmata  may  form  in  the  pia  mater  covering  the  convexity,  or  at 
the  base  of  the  brain.  They  may  grow  outward,  involving  the  dnra 
mater;  or  inward,  encroaching  upon  or  involving  the  braiu  tissue. 
Although  usually  circumscribed,  syphilitic  inflammation  may  occur  as 
a  diflfuse  thickening  of  the  membrane.  The  syphilitic  nodules,  includ- 
ing the  gummata  and  new-formed  connective  tissue,  are  often  very 
small,  but  may  be  as  large  as  a  hen's  egg. 


Hsematoma. — In  chronic  pachymeningitis  of  long  standing  the  new 
connective  tissue  may  form  large,  flat  cysts  between  the  dura  mater  and 
the  pia  mater,  which  may  compress  the  surface  of  the  brain.  The  blood 
orijiiually  contained  in  these  cysts  may  be  absorbed  and  replaced  by 
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semm,  tJie  attachments  to  the  dura  mater  may  disappear,  and  the  whole 
appearauce  becomes  tlmt  of  an  iudepeudeut  cyst  between  the  dura  mater 
and  the  pia  mater.  Fibroma,  lipoma,  myxoma,  chondroma,  and  osteoma  are 
of  rare  ocearreiice. 

Endotheliomata. — These  tiinioi-s  are  of  not  infrequent  occurrence,  and 
may  grow  from  the  pia  of  the  cerebrum  oi-  cerebeilnni  or  from  the  chor- 
oid plexus.  They  may  be  single  or  multiple.  They  may  be  small  or  so 
laT^  as  seriously  to  compress  the  brain. 

Some  of  them  are  composed  of  a  conuective-tissne  stroma  which  en- 
closes regular  spaces  filled  with  large,  flat,  nucleated  cells.  These  may 
resemble  carcinoma.     Some  of  them  are  composed  of  a  connective-tissue 


HI  CKREBe^LDll  URIQIHATINQ  IH  THI  PlA  HaTER. 

phovFlng  general  appearaooB  at  Ihe  tumor  (see  Fig.  810). 

Stroma  which  forms  ca\ities  lined  with  cylindrical  epithelium.  In  such 
tumors  the  stroma  may  gi-ow  so  a.s  to  fonn  papillie  covered  with  cylin- 
drical epithelinm ;  or  in  addition  there  may  bo  mucous  degeneration  of 
the  stroma.  In  some  of  them  there  is  a  connective-ti-ssue  stroma  which 
contains  large  numbers  of  blood- vessels.  Around  these  blood-vessels  are 
arranged  regular  masses  of  polyliedral  cells  (Figs.  509  and  510). 

lu  some  of  them  the  stroma  is  scanty.  The  cells  are  inimerons,  large, 
fiat,  and  arranged  in  little  globular  mas.ses  or  nests.  If  in  these  little 
nests  there  is  a  deposition  of  the  salts  of  lime,  fonning  concretions  like 
the  so-called  "brain  sand,"  the  tumor  is  called  a  "psammoma."  Some 
of  the  tumors  seem  to  be  formed  of  ^ery  thin,  luicleated  membranes  ar- 
ranged concentrically  like  the  layers  of  an  onion. 
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Some  of  the  tumors  are  composed  of  balls  or  nests  of  large,  flat  cells, 
■with  which  are  fouud  crystals  of  cholesteriu — "  cholesteatoma. " ' 

Sarcoma. — Tumors  belouging  to  the  ordinary  types  of  rouud-  and  fusi- 
form-celled sarcoma,  and  of  myxosarcoma,  are  occasionally  found  in  the 
pia  mater. 

CyitB. — Small  cysts  are  often  found  in  the  choroid  plexus.  Earely 
such  cysts  I'eaeh  a  lai^er  size,  even  as  large  as  a  pigeon's  egg. 


FlO.  610.— ESnOTHEUOMA  OV  THK  FIA  MATBB  Or  THK  CEMBRLLrM. 

A.  f^n'lfon  ill  pin  mater  dlppliid  Into  a  lulcua; 


Cj'sts  of  the  pia  mater  containing  senim,  with  walls  aud  septa  of  con- 
nective tissue  aud  eompressiug  the  brain,  hare  been  described. 

Variously  shaped  pigment  cells  uot  infrequently  occur  in  the  pia  mater, 
either  scattered  or  sometimes  in  cousiderable  masses;  they  seem  to  have 
little  pathological  significance.  Not  infrequently  thin  plates  of  new- 
formed  bone  are  fouud  in  the  pia  mater,  a^ociated  with  a  thickening  of 
the  membrane. 

PABASITES. 

CyiticercoB  has  been  observed  in  the  pia  mater. 

vith  bibliography,  see  Boat. 
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THE  DVRA   MATES  SPINALIS. 

Tbe  dura  mater  spioaliH,  unlike  tbat  of  (lie  bcuin,  doea  not  serve  as  periosteum  to 
tbe  bones  fonnmg  thecavit3',  bo  tliat  tlie  lesions  of  the  twomembreneaditFersomewbat. 


HLSKOBSEAOE. 

Heemorrhage  may  occur,  as  the  result  of  injury,  between  the  dura 
mater  ami  periosteum,  or  it  may  occur  iu  tetauus,  as  a  result  of  circula- 
tory chauges  induced  by  muscular  spasm,  or  iu  the  asphyxia  of  new- 
born children.  Small  biemorrh^es  ou  the  surfaces  of  the  membrane 
may  occur  as  the  result  of  inflammation. 

Serous  fluid  may  accumulate  outside  of  th«  dura  mater  as  a  result  of 
post-mortem  chauges,  or  in  connection  with  circulatory  or  inflammatory 
chauges  in  the  membranes. 

HTFLAHHATION.    (PachymeningitiB.) 

Acute  external  pach^rmeningitis  is  usually  secondary  to  disease  or  in- 
jury of  the  spinal  column,  and  may  result  in  collections  of  pus  between 
the  dura  nuiter  aud  periosteum,  usually  most  abundant  posteriorly. 
HEemorrtaacfio  pachymeninfritia  occurs  iu  the  dura  mater  spiualis,  with  the 
formation  of  products  similar  to  those  observed  in  the  brain,  iu  the 
chronic  insane  and  in  drunkards.  Simple  chronic  pachymeningitiB  interna 
with  the  formation  of  new  connective  tissue  containing  brain  saud,  is  not 
infreyueut.  The  new  tissue  may  form  minute  projections  from  the  sur- 
face, or,  when  more  abundant,  may  take  the  form  of  pBammoinata.  Tnber- 
onlona  inflammation  of  the  dura  mater  spinalis  may  occur  in  connection 
with  tuberculous  meningitis,  or  be  secondary  to  tuberculous  inflammation 
of  tbe  vertebrte. 

TVHOBS. 

Fibromata,  lipomata,  cfaondromata,  myxomata,  endotiieliomata,  and  adeoo- 
laroomata  occur  iu  the  dura  mater  spinalis  as  primarj'  tumors.  Card- 
nomata  and  sarcomata  may  occur  as  secondary  tumors.  Small  plates  of 
new-foruied  bone  are  rarely  found  in  the  dura  mater  spinalis. 

PARASITES. 

Echinococcnt  developing  outside  of  the  spinal  canal  may  perforate  the 
dui-a  mater ;  or  the  cysts  may  lie  lietween  the  dura  mater  and  the  pia 
mater. 

THE  PIA   MATER  SPiyALIS. 

It  is  difficult  In  most  cases  in  the  pia  mater,  as  well  as  in  the  dura  mater  spinalis 
and  in  the  spinal  cord,  to  judge  with  certainty,  from  ilie  nppearnnces  after  death  of 
tbe  blood  contents  of  the  vessels,  of  tlieac  parts  during  life.    The  same  is  true  ol  abnoi- 
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mal  quantities  of  serum  found  after  deatli,  Tbe  veins  of  the  pia  mater,  especially  in 
the  posterior  region,  may  be  gri'atly  distended  with  blood  after  death,  without  pre- 
existing disease;  and  the  int«rmeniugeal  spaee  may  contain  much  fluid  ucdcr  the  eame 
condition. 

H.SHOBJIHAOE. 

Hfemorrhages  may  occuf  from  injury  in  connection  with  severe  con- 
vnlsious,  or  geueral  diseases  such  as  the  biemorrhagic  diathesis,  scurvy, 
smallpox,  etc.  The  hsemorrhages  under  these  conditions,  except  from 
injury,  are  not  usually  extensive.  But  in  some  cases'  of  injury  or 
cerebral  apoplexy,  from  the  bursting  of  aneurisms  of  the  basilar  or 
vertebral  arteries,  or  in  cases  in  which  we  cannot  find  a  cause,  a  very 
large  quantity  of  blood  may  collect  betweeu  the  dura  and  pia  mater, 
and  iu  the  meshes  of  or  bei>eath  the  latter. 


nrFLAUHATION.     (Kenmgitis.) 

Acute  exudative  ipinal  meningitlB  occurs  under  essentially  the  same 
conditions  and  with  essentially  the  same  post-mortem  appearances  a» 
acute  cerebral  meningitis,  though  it  is  less  frequent.  Tbe  exudate  is 
apt  to  be  most  abundant  in  the  posterior  portions.  It  may  be  asso- 
ciated with  a  similar  inflammation  of  the  pia  mater  cerebralis,  and  the 
inner  surface  of  the  dura  mater  may  be  invohed.  The  disease  may  be 
circumscribed,  but  usually  affects  the  entire  length  of  the  membrane. 

Chronio  spinal  meningitis  is  not  infrequent,  manifesting  itself  in  the 
formation  of  larger  or  smaller  patches  of  new  connective  tissue  or  in 
Uiickenings  of  the  pia  mater.  The  pia  and  dura  mater  may  thus  t>e  firmly 
united  in  phw^es  by  adhesions,  or  the  pia  mater  may  iM-eome  closely  ad- 
herent to  the  substance  of  the  cord. 

Not  veiy  infrequently  large  numbers  of  pigment  cells  are  found  in 
the  pia  mater  spinalis,  sometimes  giving  it  a  distinct  gray  or  bla^^kisb 
color. 

Tuberculous  inflammation  is  usually  associated  with  a  similar  condition 
of  the  pia  mater  cerebralis,  in  which  case  the  lesion  is  most  marked  in 
the  upper  portions  of  the  cord ;  but  it  may  extend  over  the  entire  mem- 
l)rane.  The  conditions  under  which  it  occurs  and  the  character  of  the 
lesions  are  similar  in  both, 

TTTMOBS. 

Fibromata,  myxomata,  sarcomata,  and  endotheliomata  have  l>uen  found. 
Small  plates  of  cartilaj^  and  bone  (Fig,  511)  are  sometimes  found  in 
the  pia  mater. 

PASASITKS. 

CysticeTCOB  sometimes  occurs  iu  tbe  meshes  of  the  pia  uiater. 
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TSS   VENTRICLES   OF  THE  BBAIN.     THE  EPENDYMA  AND 

CHOROID  PLEXVS. 

GENERAL  COKSIDEKATIONS. 

As  the  Ijniph-spaces  of  the  pia  mater  aud  the  ventricles  of  the  brain 
are  in  commuuicatiou,  it  might  be  supposed  that  they  would  share  alike 
iu  the  accumulation  of  filiids.  This,  howe\er,  is  uot  the  case.  The 
membraues  of  the  brain  may  be  highly  cedeniatous  while  the  ventricles 
coutain  about  the  uornial  quantity  of  fluid ;  or,  on  the  other  hand,  the 
ventricles  may  be  widely  dilated  aud  the  pia  mater  uunsually  dry.  Many 
of  these  varying  couditions  may  be  nndei-stood  by  remembering  that  the 
skull  and  spinal  eaual  foi-m  a  closed  cavity,  and  that  accumulations  of 
fluid  in  one  part  ninst  be  at .  the  expense  of  some  material  occupying 
other  parts,  either  blood,  serum,  or  brain  tissue.  It  is  not  always  easy 
to  see,  however,  exactly  how  the  compeusation  occurs. 

There  may  be  an  uinisual  amount  of  fluid  in  the  ventricles  of  the 
braiu  as  a  result  of  post-mortem  change ;  in  connection  with  senile  or 


other  atrophy  of  the  brain,  or  in  the  general  vascular  changes  which  lead 
to  u'denia  of  the  brain ;  in  connection  with  inflammation  of  the  meninges 
or  of  the  eiieudyma ;  or  under  conditions  which  we  do  not  understand, 
as  iu  some  ciises  of  congenital  and  acquired  hydrocephalus.  Accumula- 
tions of  fluid  in  the  v-entricles  ai-e  often  called  internal  hydrocephalus  to 
distinguish  them  from  accumulations  in  the  meninges — erternal  hydro- 
cephalus. 

IXFLAHUATION.  (Ependymitis.) 
Aout«  EpendymitiB. — In  this  condition,  which  may  occur  by  itself,  but 
is  usually  associated  with  inflammation  of  other  parts  of  the  brain,  the 
ei)endyma  is  congested,  the  vessels  are  more  prominent  than  usual  and 
are  often  tortuous.  The  epeiidyma  aud  the  adjacent  brain  tissue  may  be 
thickened  and  inflltrated  with  pus  cells,  and  the  surface  of  the  ependyma 
covei-ed  with  fibrin  and  pus  iu  variable  quantity  (Fig.  612).  The  cavi- 
ties of  the  ventricles  may  contain  purulent  serum.  Small  hiemorrhagea 
may  also  be  present  in  the  tissue  of  the  ependyma.  This,  as  well  as 
other  forms  of  inflammation,  is  more  common  iu  the  lateral  ventricles 
than  in  the  others,  but  not  infrequently  involves  the  fourth  ventricle. 
The  choi-oid  plexus  may  participate  in  the  inflammatory  changes  of  the 
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ependyma.     Tuberculous  iuflamniation  of  the  ependyma  is,  as  above 
mentioned,  a  not  infrequeut  accompanimeut  of  tuberculous  meuingitis. 

Cbronic  Ependymitii. — ^This  lesion,  which  is  much  more  common  than 
simple  acute  inflammation  of  the  ependyma,  occurs  under  a  variety  of 
coiiditious,  and  its  nature  and  causation  are  in  general  very  obscure. 
The  ependyma  is  thicker,  whiter,  and  more  opaque  than  normal,  so  that 
the  vessels  may  be  nearly  or  quite  invisible.     The  thickenings  may  oc 


FlO.  51S.— ACITB   EPKNttTMITCS. 

Sbaning  replBcemeDt  o[  the  epnbellum  at  the  v( 


cur  in  patcliea  or  diffusely,  and  the  surface  of  the  ependyma  may  be 
smooth,  or  roughened  and  granular.  On  microscopical  examination  tlie 
surface  of  the  ependyma  may  be  covered  with  the  usual  epitlielinni,  but 
the  new  connective  tissue  which  forms  beneath  it  often  raises  it  up  in 
places,  causing  the  roughness  of  the  surface.  The  new  tissue  is  usually 
rather  loose  in  texture  and  may  contain  many  small  spheroidal  cells ;  but 
it  may  be  dense  in  texture  and  contain  few  cells.  The  brain  tissue  be- 
neath the  thickened  ependyma  may  be  softened  or  infiltrated  with  cells. 
The  sides  of  the  ventricles  may  be  grown  together  in  places  by  the  adhe- 
sion of  the  thickened  and  roughened  e{)endyma.  The  ventricles  usually 
contain  more  serum  than  normal,  and  sometimes  this  accumulation  is 
so  great  as  to  cause  an  enormous  dilatation  of  them.  While  these  are 
in  general  the  prominent  lesions  in  chronic  inflammation  of  the  epen- 
dyma, the  cases  vary  greatly  in  the  degree  to  which  these  changes  are 
developed. 

The  accumulation  of  fluid  and  the  dilatation  of  the  ventricles  being 
the  most  marked  feature  in  all  this  class  of  lesions,  they  are  often  called 
chronic  kydrocephaius,  but  in  many  cases  we  have  no  evidence  that  the 
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change  in  the  ependyma  is  an  important  or  even  an  actnal  primary 
factor, 

HydrocepbaloB. — We  may,  for  convenience  of  study,  consider  three 
classes  of  cases  of  hydrocephalus:  first,  ctrnffenittil  hydrocephalus  in  yonng 
children;  second,  secondary  hydrocephalus  in  children  and  adults;  tliird, 
primary  hydrocephalus  in  adtdts. 

1.  CONGEKiTAL  Hydkocephalus. — The  lesion  may  he  in  an  ad- 
vanced stage  at  the  time  of  birth,  or  it  may  be  scarcely  evident  or  but 
mo'derately  developed.  It  may  progress  rapidly  aud  cause  the  early 
death  of  the  child,  or  it  may  develop  gradnally  or  come  to  a  standstill. 
In  the  more  marked  forms  of  the  disease  the  ventricles  are  widely  dilated 
(Fig.  513)  and  filled  with  serum,  which  is  usually  transparent.  Sot  only 
the  latenil  ventricles,  bnt  also  the  third  and  fifth,  may  be  involved ;  the 
fourth  is  less  apt  to  participate  in  the  lesion,  although  it  is  sometimes 
dilatetl,  as  well  as  the  central  canal  of  the  cord. 

The  distention,  especially  of  the  lateral  ventricles,  may  be  so  great 
that  the  brain  tissne  over  the  vertex  is  crowded  up  into  a  thin  layer  be- 
neath the  dura  mater,  or  it  may  be  entirely  destroyed.  When  the  dila- 
tation of  the  ventricles  is  considerable,  the  convolutions  are  flattened 
and  may  be  almost  entirely  obliterated.  The  skull  bones  may  l>e  thin 
and  bulging  ovei'  the  forehead  and  vertex;  the  fontanels  and  sutures 
widely  open.     The  ependyma  in  these  cases  i.s  usually  thick  and  rough. 


FIO.  .Ji:t.— CONRKNITAI.  HTBROCEPnALrs  IS  CHILD.    Aboul  half  iialural  gJlB. 
a,  1,  Dilated  lateral  ventrli'lts;  h.  ramuB,  unequally  dllaled  :  r.  Uiinl  rentricif:  cl,  ruWdte 

but  it  may  be  softened,  and  the  blood- \essels  may  be  dilated.  The  basal 
portions  of  the  brain  may  be  flattened,  but  are  usually  much  less  affected 
than  the  upper  portions.     The  brain  tissue  is  usually  soft  and  ansemic. 

2.  Se^-ondahy  Hydrocephalic. — This  may  occur  in  children  and 
adults,  and  may  l>e  a  result  of  epidemic  cerebrospinal  meningiti.s,  oi  of 
acute  meningitis,  or  of  chronic  meningitis.  It  sometimes  occurs  in 
chronic  alcoholic  poisoning  and  in  general  paralysis  of  the  insane.  The 
amount  of  dilatation  of  the  ventricles  varies  greatly  in  these  cases,  but 
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it  is  never  so  great  bs  in  congenital  bydiocepbaluH,  and  is  not  accompa- 
nied by  the  ciiauges  in  the  slia^w  of  the  skull  which  form  so  prominent  a 
feature  in  the  latter  disease,  since  the  bones  are  firmer  and  the  sutures 
united.  In  this  form  of  chronic  hydrocephalus  the  changes  in  the  epeu- 
dyma  above  described  are  usually  more  or  less  well  marked,  and  they 
may  be  associated  with  the  production  of  fibrin  and  pus. 

3.  PeiMABY  Hydrocephalus  in  Adults. — The  conditions  leading 
to  this  form  of  lesion  are  not  understood.  It  is  apt  to  occur  in  persons 
over  thirty  years  of  age.  Sometimes  one,  sometimes  both  lateral  vea- 
tricles  are  dilated.  The  dilatation  is  usually  moderate,  sometimes  very 
slight,  and  never  as  great- as  in  congenital  hydrocephalus.  The  ven- 
tricles usually  contain  transparent  serum,  and  the  ependyma  is  thickened 
and  roughened.  In  some  cases  it  is  the  only  lesion  found  to  account  for 
the  death  of  the  patieut. 


New  formations  of  coimective  tissue  in  the  ependi/ma,  although  usually 
diffuse,  may  be  circumscribed  and  form  small,  projecling  connective-tis- 
sue uodules,  which  may  be  reckoned  among  the  fibromata.  Small  fibro- 
mata are  sometimes  detached  from  the  walls  of  the  ventricles  and  lie  free 
in  the  cavity.  Bmall  lipomsta,  angiomata,  and  also  sarcomata  and  glio- 
mata  occur  rarely.  Chondromats  and  angiomata  may  occur  iu  the  choroid 
plpxiia,  the  latter  sometimes  being  as  large  as  a  hen's  egg.  The  choroid 
plexus  is  not  infrequently  the  se^t  of  transparent  cyiti,  usually  of  small 
size;  they  may  contain  a  clear  fluid,  or  colloid  material,  or  droplets  of 
fat,  or  calcareous  particles.  A  small  dermoid  eyst  containing  hairs  has 
been  described.  The  cysts  ha\e  uo  special  pathological  significance. 
Primary  oaroinomata  sometimes  involve  the  ventricles. 
The  calcareous  bodies  called  brain  sand'  (see  Fig.  501),  occur  fre- 
quently in  the  choroid  plexus,  and  corpora  amylaoea  may  occur  here  and 
beneath  the  ei>endyma. 

FABASITES. 

CysticercuB  and  eehinocoocns  cysts  are  sometimes  attached  to  the  walls 
of  the  ventricles  or  may  be  free  in  their  cavities. 

The  Brain  and  Spinal  Cord. 

Ualformations  of  the  Brain. 

Cyclopia. — This  malfurnuitiun  consists  m  bm  arrest  of  development  affeetiDg  tlii 
cerebrum,  whicli,  instead  of  »<^parntiug  iiilo  two  iiemisplieTcs.  reniaiiis  single,  wjtli  oai 
vcniiicle,  and  tlie  rudimenlsof  the  eyes  usually  become  joineil  and  form  one  eye,  TLH 
single  eye  is  in  tbe  middle  of  tUe  face,  near  tlie  place  of  tlie  rool  of  tbe  nose,  in  fi  single 

'  Tbe  little,  hard  masses  calk-d  bmin  tand  consist  of  aBgregations  of  small  porticli-s 
of  carbonate  and  pliospliate  of  time  with  a  iimall  amount  <jf  pliospbate  of  ammonia  and 
niaguesium.     WilJi  (lieae  llicre  is  more  or  less  orgpuic  mailer 
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orbit.  Over  this  is  od  irregular  body  rppresenting  the  nose.  The  rest  of  the  face  is 
well  formed.  The  eyeball  niay  be  wautiug  entirely,  or  there  are  two  eyes  JoiDed  to- 
gether, or,  more  seldom,  two  eeparale  eyes.  Tiie  orhit  is  surrounded  by  rudiments  of 
foureyelids.  The  frontal  bone  is  single,  theoasal  boucs  are  undeveloped;  the  ethmoid, 
vomer,  and  turbiouted  bones  are  absent.  The  optic  nerve  is  double,  single,  or  absenL 
There  may  be  hydroceplialus.     Such  children  are  incapable  of  prolonged  existence. 

Akekcepiialia. — Tliis  malformation  may  be  of  various  degrees.  Tlie  brain  may 
tie  entirely  absent,  the  base  of  the  cranium  l)eing  covered  witii  a  thick  membrane,  into 
which  the  nerves  pass.  The  membraucs  may  form  a  sort  of  cyst  containing  blood  and 
aerum,  or  portions  of  brain.  Of  the  cranial  bones,  only  those  which  form  the  base  of 
the  skull  are  present  (ncrania).  The  scalp  fa  usually  partly  or  cutifely  absent  over  the 
opening  in  llic  skull:  iheeyes  are  prominent,  and  Ihe  forehead  slopes  sharply  back- 
ward.   This  maltonnation  may  occur  in  otiierwise  well -developed  children. 

Hydrockphalus. — This  lesion  has  been  already  considered  above.  It  is  proba- 
ble that  in  some  cases  hgdrottphaliit  iiitei-aiit  is  due  to  a  primary  partial  antntephalia, 
and  that  the  accumulation  of  fluid  is  of  secondary  occurrence.  In  rare  cases,  only 
part  of  one  lateral  ventricle  is  hydrocephalic,  giving  to  the  head  a  protuberance  on  one 
side.  The  viability  of  the  fatus  depends  upon  the  degree  of  the  hj'drocephalua. 
ll^nxfphaiiis  e-tlerniia  is  an  occiimuialion  of  serum  beneath  the  pia  mater,  or.  according 
to  some  autliors,  between  the  pia  and  dura  mater.  It  causes  dilatation  of  the  cranium 
and  compression  of  the  brain.  It  is  of  very  rare  occurrence,  and  may  also  be  secondary 
to  partial  aneucephalia. 

Cephalocele,  or  Brain  IIehnia. — When  abnormal  openings  exist  in  the  skull 
from  malformation,  the  contents  of  the  cerebral  cavity  are  apt  to  protrude  in  the  form 
of  larger  or  smaller  sacs.  This  may  occur  in  cases  of  well-marked  anencephalia  or  in 
cases  in  which  the  brain  is  well  developed.  The  protruding  sac  formed  of  the  meninges 
may  or  may  not  be  covered  with  skin.  If  the  contents  of  the  sac  are  simply  fluid,  the 
lesion  is  caticd  hgtiroiiifningotfte  ;  if  composed  of  brain  substance,  enffpkalocele ;  if  the 
sac  contain  both  fluid  and  brain  substance,  it  is  catted  hi/drfHefjiliaUifele.  The  sacs  may 
be  very  small  or  as  large  as  a  child's  head.  They  may  protnide  from  the  top  of  the 
skull  in  acrania.  They  moat  frequently  protrude  through  openings  in  the  occipital 
bone,  often  hanging  down  in  large  sacs  upon  the  neck;  also  at  the  root  of  the  nose, 
along  tlie  line  of  tlic  sutures,  at  the  base  of  the  skull,  and  elsewhere. 

Microcephalia. — This  is  an  abnormally  small  size  of  the  brain,  with  a  correspond- 
ingly Braall  cranium.  The  diminution  in  size  aitecls  principally  the  cerebral  hemi- 
spheres, though  the  other  parts  of  the  brain  arc  also  small.  Thus  the  cerebellum  may 
be  of  extremely  smalt  size.  The  cord  may  be  smaller  than  normal,  in  which  case  the 
diminution  in  size  is  apt  t^  show  a  direct  dependence  upon  the  cerebral  lesions,  the 
direct  and  the  crossed  pyramidal  tracts  being  moat  affected.  There  may  also  be  present 
Imperfect  development  of  llie  posterior  columns  and  of  the  direct  cerebellar  tracts.  The 
convolutions  are  few  and  simple,  the  cavities  often  dilated  with  serum;  on  tlie  mem- 
branes there  may  be  traces  of  inliammation.  The  cranium  is  small,  the  face  large,  the 
rest  of  the  oody  small.  The  malformation  is  in  some  cases  caused  by  inflammation  or 
dropsy  of  the  brain  during  foptal  life.  It  is  endemic  In  .some  countries,  but  single  cases 
may  occur  anywhere.  The  fo-tus  is  viable.  Abs»'nce  or  incomplete  development  of 
portions  of  tlio  brain  may  occur,  not  only  in  Idiots,  but  in  persons  whose  minds  are 
perfect,' 

HalformationB  of  the  Spinal  Cord. 

The  malformations  of  the  spinal  cord  may  be  conveniently  classed  as  follows  (Van 
Gieson') : 

I.  CostiENiTAi,  Dkformitiks  Associated  WITH  MossTiiosiTiES,  AND  Incompatiblb 
WITH  Extra-Utehi.nk  Life. 

'  For  a  getieral  cousiii  era  lion  of  malformations  of  the  central  nervous  system  con- 
sult T/tomn.  "Text-Book  of  Pathological  Anatomy. "  vol.  i.,  p.  306  et  scq. 

'  Va»  Giei-'ii.  "Artefacts  of  the  Nervous  Svslem."  New  York  Medical  Journal,  vol 
Wi.,  pp.  837,  383,  431.  18»3. 
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These  may  be  divWed  Into : 

I.  Amydia,  or  absence  of  tile  apinal  conl,  Tbis  is  almost  invariabty  associated 
vdtb  absence  of  tlie  brain. 

3,  Atetomyeiia,  or  partial  development  of  the  Bpinal  cord.  Tbis  !a  often  seen  in  tiie 
anenceplialous  oraceplialic  monsters,  where,  coirespomling  to  the  incompletely  developed 
brain,  there  may  be  various  degrees  of  detective  development  in  tbe  lengtli  of  tbe  cord. 

8.  DiatUmntomyeUa,  a  condition  in  which  a  portion  or  the  whole  of  the  cord  is 
split  into  two  lateral  halves.  Each  half  of  the  cord,  being  enveloped  in  its  own  mem- 
branefl  and  giving  rise  to  its  own  nerve  roots,  may  fuse  together  to  fonn  a  single  cord 

4.  Diplomyelia,  or  a  formation  of  two  spinal  cords — a  duplication  of  the  spinal  cord. 
This  liftppens  in  the  various  kinds  of  double  monstera. 

II.  Minor  Congenital  Malformations  hot  Inconsistent  with  the  Mainte- 
MANCE  OP  Like. 

1.  HydrorrMehin  iateriut  is  a  defective  closure  or  arrangement  of  the  divisions  of  the 
primary  fcetal  central  canal  often  rcGultlng  in  the  dilatation  of  t  lie  central  canal  by  fluid 
(Hydromyetia)  (Fig.  514).  Tbis  dilatation  nmy  he  moderate,  or  bo  extreme  tliat  but 
little  o(  the  sulistanco  of  the  cord  is  left  as  a  thin  shell  around  the  central  cavity.  When 
they  have  not  been  destroyed  by  atrophy,  epithelial  cells  may  be  found  lining  the  cavity. 


FlO.  6H.— HTDBOMTKIU. 
ID  from  vblcb  thli  drswlDR  wsi  mtAt.  ibe  epltbellal  («lla  BumiuncUn?  Ibe  dllaied  ceplral  ce 


This  condition  may  be  accidentally  found  after  death.  Irs  presence  may  also  be 
indicated  by  Its  as.sociatioo  with  spina  bitida.' 

2.  Ileteivlojiia,  or  misplacement  of  tlie  substances  of  tiie  cord. 
(a)  There  may  be  misplaced  portions  of  the  gray  matter. 

(A)  Portions  of  the  while  matter  may  be  arranged  in  an  unusual  manner. 
8.  Annmnlie*  of  tbe  Spianl  ^errr  Root*. 
4.  Atymmelriet  of  the  Spinal  Cord. 

III.  Malpokuations  op  the  Spinal  Cokd  Acqi'iiieu  Dcnrso  Extra-Uterine 
Life  or  Secondary  to  Defective  Development  in  Other  Parts  of  the  Body. 
1.  Distortions  following  other  conl  lesions. 

3.  Asymnietry  of  the  cord  due  to  arrested  development  after  birth  or  to  secondary 
atrophy  of  portions  of  the  cord  In  Bssoclalion  with  defective  development  or  abaence  of 
some  other  part  of  tlie  body. 

'  I'nder  this  subdivision  the  condition  known  as  hydrnrrhnchit  erteriia  may  be  con. 
venienlly  alluded  to,  which  consists  in  an  abnormal  congenita!  accumulation  of  fluid 
between  the  meninges  of  the  cord,  causing  more  or  less  diminution  in  the  volume  of  tha 

latter. 
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8.  Aaymmctry  of  the  eonl  witli  congenital  defects  of  ilie  extremities  or  muscles, 
sucb  as  intra- uterine  or  other  amputations,  clubfoot,  etc. 

4.  Variations  in  the  volume  of  the  curd  as  a  whole. 

False  Heterotopia. — Congenital  displacement  of  tlie  gray  or  while  matter  of  the 
spinal  cord — luterotopia — has  been  frequently  described.  Van  Gieson'  has  shown,  iiow- 
ever,  tliat  in  a  large  proportion  of  cases  llie  so-called  heterotopia  is  an  artefact  (Fi(f. 
51S}  Rnd  has  been  caused  by  bruises  or  careless  liandllng  of  the  cord  during  its  removal 
from  the  bo<ly  or  in  the  process  of  exaniination  or  liardening. 

Spisa  Bifida. ^In  Uie  majority  of  cases  hydrorrhachis  is  accompanied  by  a  more  or 
less  coniplete  lack  of  closure  of  tlie  spinal  canal  posteriorly,  so  thai  the  collections  of 
fluid  within  may  poueli  outward  through  the 
opening  in  the  fom)  of  a  sac.  The  sac  may 
be  covered  by  skin,  or  this  may  be  absent, 
either  from  the  beginning  or  as  a  result  of 
thinning  and  rupture.  The  walls  of  the  sac 
may  consist  of  the  dura  mater  and  tlie  pia 
mater,  or,  in  cases  of  Ijydrorrhachis  externa, 
of  the  dura  mater  alone ;  when  both  are  pres- 
ent they  are  usually  more  or  less  fused  to- 
gether. Inside  of  the  membranes  of  the  sac 
there  may  be  a  shell  of  distended  nerve  tis- 
sue of  the  cord;  or  the  spinal  cord  maybe 
split  posteriorly  and  the  sides  crowded  side- 
ways; or  there  may  be  a  rudimentary  frag- 
ment of  the  cord  suspended  in  the  sac  or  at- 
tached to  the  walls;  or  the  cord  may  lie  but 
little  changed  and  remain  inside  the  spinal  snoalnft  «-n\^\  dlsplscemeni  ot  me  «tnic- 
_."  ...         .     ,  ,  tui¥«b>  an  Mperlmenuil  bruise  (false  lietero- 

canal.     Thcopenmgs  In  the  spinal  canal  may      lopia")  BlurUie  removal ot  ibemrd  tma  uk 
be  due  to  the  complete  or  partial  absence  of      body,    (van  riinoD.) 
the  vertebral  arches,  or  more  rarely  the  sac 

may  protrude  through  openings  between  the  completely  formed  arches.  Spina  bifida 
most  frequently  occurs  in  the  lumbar  and  sacral  regions,  but  it  may  occur  in  the  dor- 
sal or  cervical  regions,  or  the  canal  may  be  open  over  Its  entire  length.  Very  rarely 
it  is  open  on  the  anterior  surface.  Tlie  protruding  sac  may  be  very  small  or  as  large 
as  a  child's  head.  The  fluid  iu  the  sac  Is  usually  clear,  but  may  be  turbid  from  flocculi 
of  degenerated  nerve  tissue. 

INJtmiES  OF  THE  BBAC?. 

The  brain  may  be  directly  wounded  by  a  foreign  body,  or  indirectly 
by  fraffraents  of  bone  driven  into  it,  or  it  may  be  lacerated  by  severe 
contusion  without  fracture  or  solution  of  continuity  of  the  skull.  It 
is  very  difficult  to  estimate  the  degree  of  injury  which  must  cause 
death,  since  some  persona  die  from  slight,  and  others  recover  from  very 
severe,  wounds  of  the  brain.  In  incised  wounds  of  the  braiu  more  or 
less  hfemorrhage  occurs  at  tlie  seat  of  lesion,  and  the  brain  tissue  in  the 
vicinity  soon  undergoes  degenerative  ehanges.  These  may  be  compara- 
tively slight  or  extensive.  Inflammatory  reaction  may  occur  in  the  vi- 
cinity, and  the  adjacent  brain  tissue,  as  well  as  the  hjemorrhagic  and  de- 
generated area,  may  become  infiltrated  with  pus  cells.  After  a  time  the 
injured  and  degenerated  area  may  become  surrounded  by  new-formed 
connective  tissue,  and  the  decomiwsed  extraiaaated  blood  and  detritus 
■  Van  Giemn..  New  York  Sledical  Journal,  vol.  Ivi.,  pp.  337.  3«5.  431,  1893. 
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of  brain  fjssne,  moi-e  or  less  fatty,  may  be  absorbed.  In  this  way  tbe 
part  heals,  leaving  a  more  or  less  pigmeuted  cicatrix.  The  healing  is  in 
most  cases  very  slow  and  may  occupy  months  or  even  years.  The  ])ia 
mat«r  may  particiiKite  to  a  marked  degree  in  the  inflammatorj-  healing 
process.     Abscesses  may  form  near  the  seat  of  injury. 

Alter  wounds  which  involve  the  remo\al  of  portions  of  the  cranial 
lK>nes,  it  is  not  nnconinion  after  a  few^  days  to  see  a  bleeding  fungous 
mass  project  through  the  opening.  This  mass,  sometimes  wrongly  called 
hernia  cei'cbri,  consists  of  degenerated  bniin  tisfue,  blood,  and  granula- 
tion tissue,  with  more  or  less  pus.  The  brain  tissue  below  it  is  degener- 
ated, soft,  broken  down,  and  purulent,  and  there  is  often  abscess  in  the 
adjacent  brain  tissue.  Such  wounds  may  finally  heal  by  the  absorption 
of  the  broken-down  brain  tissue  and  blooil,  and  its  substitution  by  gran- 
ulation tissue. 
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HTPERTBOPET  AHD  ATBOPET  07  THB  BRA2V. 

Troe  Hypertrophy  of  the  brain  is  rare,  and  probably  always  congeiii- 
tal.  An  increase  in  the  size  of  the  brain  from  the  proliferation  of  the 
neuroglia  Eoiuetimes  occurs  in  children  either  before  or  after  birth,  less 
fretjueiitly  in  youth,  and  verj-  seldom  in  adults.  The  vhite  substance  of 
the  hemispheres  is  increased  in  amount.  If  it  take  place  before  the  ossi- 
fication of  the  cranium,  the  bones  are  separated  at  the  sntnres  and  foa- 


Fia.  516.— ATROPHV  at  A  CXRcrugCHXBED  POHTtON  OF  BRIXN  CONVOLCTIONS  IN  «  CHILD. 

'Fruma  Iraion  of  tbe  cnrresixindliiE  blood-vesaels. 

tanels;   if  after  this,  the  inner  table  of  the  skull  may  be  eroded  and 
thinned.     When  the  cranium  is  opened  the  dura  mater  appears  tense  and  . 
anieniic,  the  convolutions  of  the  brain  ai-e  flattened,  the  brain  substance 
is  firm  aud  autemic,  the  ventricles  are  small,  the  ganglia  and  cerebellum 
are  either  of  normal  size  or  compressed. 

The  disease  is  usually  very  chronic,  and  destroys  life  with  symptoms 
of  compression  of  tlie  brain.  There  may,  however,  be  acute  exacerba- 
tions. 

Atrophy. — This  may  occur  a.s  a  senile  change,  or,  in  adults,  in  chronic 
alcohol,  opium,  or  lead  poisoning,  in  chronic  insanity,  and  in  chronic 
meningitis  or  from  local  inlerfercnce  with  the  cii-culatidn.  In  ehildi'en 
who  are  much  rediu-ed  by  chronic  diseases  atrophy  of  the  brain  may  ac- 
company atrophy  of  the  rest  of  the  body. 
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The  atrophy  affects  principally  the  cerebral  hemispheres,  and  may  be 
Dniforui  or  more  marked  in  some  parte  than  iu  others,  iuvolviug  the 
whole  of  a  hemisphere  or  of  a  Iol)e  or  ouly  single  coDVolutious  or  groups 
of  these  (Fig.  516).  The  convolutions  are  small,  the  sulci  broad,  the 
ventricles  usually  dilated,  the  brain  tissue  is  firm,  the  gray  matter  discol- 
ored, the  white  substance  grayish  in  color;  the  blood-vessels  may  be 
dilated.  The  basal  ganglia  may  be  small.  Serum  accumulates  in  the 
pia  mater  and  iu  the  ventricles;  the  pia  mater,  and  often  the  skull,  be- 
come thickened;  the  brain  tissue  may  be  cedematous  or  contain  small 
hfemorrhages.  The  nerve  elements  of  the  brain  tissue  are  those  most 
involved  in  the  atrophy,  the  diminished  areas  being  usually  harder  and 
firmer  than  normal. 


FIGHENTATION  OF  THE  BRAZH. 
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of  the  posterior  roots.  Branches  of  these  Arteries  anastomose  In  Ihe  pia.  and  trum  this 
pia)  network  branches  pass  directly  into  the  substance  of  the  cord.  The  largest,  a 
branch  of  the  anterior  spinal,  passes  into  the  pia  of  the  anterior  fissure,  and  penetrating 
the  cord,  Is  distributed  to  the  gra]*  matter  of  the  anterior  burn,  and  to  the  median  grtty 
matter  as  far  back  as  Clarke's  column.  Smaller  arteries  from  the  posterior  spinal  supply 
the  posterior  regions  of  the  cord.  These  arteries,  like  those  in  tbe  braiu,  are  terminal 
in  the  sense  that,  while  anastomosing  freely  in  the  pia,  after  penetrating  the  substance 
of  tbe  cord  there  aie  no  further  anastomoses. 


Hypee^imia  and  Anjimia. 

The  appearauce  of  the  brain  tissue  after  death  does  not  always  fnr- 
nisli  reliable  iudicatioiia  of  its  blood  contents  during  life,  though  it   is 
pei'haps  more  to  be  depended  on  than  the  ap- 
pearance of  the  meninges.  |(^// 

Some  of  the  more  commou  conditions  dete.'-  Jy-J[ 

mining  hypercemia  which  are  mentioned  abo^'e  as 
influencing  the  meninges  apply  also  to  the  sub- 
stance of  the  brain. 

Aotive  hypenemia  may  occur  in  various  in- 
flammatory conditions  of  the  braiu.     Hyperiemia  ^_ 
of  the  braiu  i»  quite  commou  in  deaths  from  in-          /^'^~^  Oirv\* 
solation  and  after  conditions  accompanied  by         "^         Ji      ^ 
acute  delirium.     Fauive  hyperemia  may  o<^'cur 
in  conditions  similar  to  those  which  determine 
congestions  in  other  organs  of  the  body,  such  as 
chronic  diseases  of  the  heart  or  lungs.     It  may 
be  induced  by  anything  which  prevents  venous 
returu,  such  as  iutracrauial  tumors  which  com- 
press the  sinuses,  or  by  thrombosis. 

lu  sections  of  hypenemic  brains  the  small 
blood  points  from  the  cut  ends  of  small  vessels 
are  more  numerous  and  conspicuous  than  under 
normal  conditions,  and  the  brain  tissue,  partic- 
ularly the  gray  matter,  may  have  a  diffuse  red 
color.  If  exeewsive,  the  convolutions  nmy  be 
somewhat  flattened,  the  braiu  tissue  and  pia 
mater  may  be  edematous,  and  the  ventricles  contain  fluid.  The  conges- 
tion of  the  vessels  may  be  general  or  localized. 

The  most  eountant  lesion  of  what  is  known  as  caisson  disease,  a  con- 
dition resulting  from  exposure  to  sudden  changes  in  atmospheric  press- 
ure, is  a  congestion  of  the  brain,  cord,  and  meninges.  Areas  of  soften- 
ing in  the  brain  and  cord  are  not  infrequent  and  there  may  be  effusion 
into  the  meninges. 

Annmia  of  the  brain  may  be  either  local  or  general.  It  may  deiMtnd 
upon  a  general  aniemia  or  upon  general  disturbances  of  the  circulation, 
Buch  as  mitral  stenasis  or  regurgitation ;  or  upon  local  interference  with 
Uie  arterial  blood  supply,  such  as  complete  or  partial  obstruction  of  the 
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arteries  from  thrombi,  emboli,  inflammatory  changes,  spasmodic  contrac- 
tions, etc.,  or  from  tumors,  exudations,  and  blood  extravasations  presB- 
iug  upon  the  veseels  from  without.  In  cedema  of  the  meninges,  and  in 
the  presence  of  internal  hydrocepbelus,  the  brain  tissue  is  apt  to  be 
antemic.  The  brain  tissue  in  anaemia  looks  vhiter  than  usual,  tlie  con- 
trast between  the  gray  and  the  white  matter  is  less  marked,  and  the 
small  blood  points  usually  seen  on  section  from  divided  vessels  may  be 
very  inconspicuous  or  almost  entirely  absent. 


CEdema. 

CEdema  of  the  brain  tissue  may  accompany  either  general  or  local- 
ized hypertemia,  or  it  may  accompany  aufemia,  and  it  seems  in  most  ciuies, 
though  not  always,  to  be  dependent  upon  conditions  which  induce  these 
alterations  in  the  blood  contents  of  the  brain.  It  is,  perhaps,  most  com- 
mon in  conditions  which  determine  a  passive  hypertemia.  In  some  cases 
of  marked  impoverishment  of  the  blood  a  so-called  hydrwmic  adema  of 
the  brain  is  found. 

lu  oedema  the  brain  tissue  appears  unusually  wet  and  shiny.  The 
same  underlying  condition  is  apt  to  determine  an  exudation  into  the 
membranes  and  ventricles.  There  is  usually  considerable  distention  of 
the  perivascular  lymph -spaces. 

Marked  tedenia  of  the  brain  may  exist  without  brain  symptoms.  On 
the  other  hand,  persons  may  die  comatose  with  no  other  gross  lesion  than 
oedema,  either  with  or  without  oedema  of  the  pia  mater.  This  is  seen 
with  especial  frequency  in  acute  and  chronic  alcohol  poisoning,  but  may 
occur  under  other  conditions.  A  careful  microscopical  examination  of 
the  brain  under  these  conditions  will  frequently  reveal  structural  lesions 
of  more  serious  impoi-t.  than  the  (edema. 

Under  the  designation  of  "  serous  ai»oplexy, "  cedema  of  the  brain  was 
formerly  consideretl  of  importance,  in  the  absence  of  other  lesions,  as  a 
cause  of  death.  But  increased  knowledge  hiis  led  to  the  general  belief 
that  simple  cerebral  oeilenm  as  an  independent  condition  has  not  the  sig- 
nificance formerly  ascribed  to  it,  and  it  should  be  accepted,  if  e\'er,  with 
great  reserve  as  a  cause  of  death. 


H-KMORRHA(iE. 

HEemorrha^B  in  the  inbitance  of  the  brain  may  be  very  small  and  punc- 
tate, and  are  then  usually  called  capHtary  hamorrhages ;  or  they  may  re- 
sult ill  the  collection  in  the  brain  tissue  of  masses  of  blood  of  consider- 
able size,  which  are  called  apiyplectic  foci  or  clots.  These  forms  of 
hiemorrhages  may  be  associated,  or  a  number  of  capillary  hiemorrhages 
may  join  to  form  an  extensive  clot. 

('(ipiUary  hiEmorrhagpH  may  appear,  on  section  of  the  brain,  like  the 
severed  ends  of  hypersemic  blood-vessels,  or  the  tissue  about  them  may 
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be  more  or  less  tinged  with  blood.  Microscopically,  the  perivascular 
spa<!es  are  distended  with  blood,  which  may  have  escaped  iuto  them; 
this  isassociated  with  more  or  less  broken-down  braiu  tissue.  The  hiem- 
oirhages  may  be  siugle,  but  are  frequently  multiple,  so  that  the  brain 
tissue  is  besprinkled  with  blood  points.  Degeneration  of  the  extrava- 
sated  blood  may  give  rise  iu  later  stages  to  reddish  or  brown  or  yellowish 
circumscritted  discoloration  of  tiie  braiu  tissue,  due  to  granules  aud  crys- 
tals of  blood  pigmeut  intermingled  with  broken-down  braiu  tissue,  nilh 
more  or  less  fatty  degeneration  of  its  elemeuts.  Capillary  biemorrhiiges 
may  be  due  to  fatty  degeneration  of  the  vessels  leading  to  rupture;  or 
the  extra^'asation  may  be  due  to  diapedesis,  or  it  may  depend  upon  con- 
ditions which  we  do  not  understand.  They  frequently  occur  in  the 
vicinity  of  apoplectic  clots  and  tumors,  they  may  be  due  to  thrombosis 
of  the  veins  or  of  the  sinuses  of  the  dura  mater ;  they  not  infrequently 
occur  in  acute  encephalitis,  iu  congestive  hyperemia,  in  acute  mania, 
and  iu  delirium  tremens;  and  they  may  be  associated  with  general  dis- 
eases, such  as  scur\y,  purpura  hiemorrhagica,  typhus  fever,  pysemia, 
ulcerative  endocarditis,  etc. ;  they  may  be  associated  with  embolic  soft- 
ening. 

Apoplectic  foci  may  result  from  the  coalescence  of  numerous  capillary 
hiemorrhages ;  from  iiyurj',  or  from  rupture  of  diseased  aiteries,  either 
with  or  without  changes  iu  the  blood  pressure.  Hiemorrhages  from  in- 
JU17  to  the  skull  may  occur  as  well  without  as  with  fracture,  and  may  \x 
situated  over  the  vertex  as  well  as  at  the  base  of  the  brain,  aud  varj'  in 
extent  and  seat,  depending  upon  the  character  and  point  of  the  injurj- 
and  the  size  of  the  vessels  iuvolved.  The  so-called  spontaneous  hiemor- 
rhages, other  than  those  of  capillary  origin,  which  give  rise  to  masses  of 
blood  and  broken-down  brain  tissue,  may  vary  in  size  from  that  of  a  pea 
to  those  occupying  a  large  part  of  a  hemisphere.  They  are  due,  in  a 
very  considerable  proportion  of  cases,  to  the  rupture  of  small  arterial 
aneurisms,  but  may  arise  from  weakening  of  the  walls  of  the  arteries, 
from  arteritis,  atheroma,  or  fatty  degeneration.  These  latter  forms  of 
lesions  doubtless  give  rise  in  most  cases  to  the  formation  of  the  aneurisms 
whose  rupture  is  in  so  many  cases  the  immediate  cause  of  the  hienior- 
rhage. 

Aneurisms  of  the  cerebral  arteries  may  be  as  large  as  a  pea  or 
hazelnut,  but  those  most  frequently  met  with  and  causiug  apoplexy  are 
usually  small — called  miliary  aneurisms— and  may  be  mici'oscopic  in 
size,  varying  from  this  up  to  that  of  a  large  pin's  head  or  laiger.  They 
may  be  sacculate  or  fusiform,  and  frequently  exist  in  considei-able  num- 
bers. They  may  occur  in  any  of  the  small  arteries  of  the  brain,  but  are 
said  to  be  most  frequent  on  the  branches  of  the  middle  cerebral  artery. 
It  is  asserted  that  the  bursting  of  miliary  aneurisms  is  the  nearly  if  not 
quite  exclusive  cause  of  the  formation  of  si>ontaneous  apoplectic  clots, 
but  this  we  do  not  t>elieve  to  be  true. 

As  to  the  immediate  cause  of  rupture,  either  of  aneurisms  or  other- 
wise diseased  blood-vessels  in  the  brain,  we  are  in  many  cases  entirely 
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ignorant.  In  some  cases  it  seems  to  be  due  to  an  increased  arterial  ten- 
sion ill  sucti  diseases  of  the  lieart  as  induce  tliis  change,  as  in  the  car- 
diac hypertrophy  which  may  accompany  some  forms  of  chronic  difiFuse 
nephritis ;  or  it  may  result  from  unusual  exeHion  or  mental  excitement. 
The  most  frequent  seat  of  hiemorrliage  is  in  the  corpora  striata  and 
optic  tbalami  (Fig.  518),  and  the  brain  tissue  in  their  vicinity,  and  here 
they  occur  most  ofteu  in  the  parts  supplied  by  the  branches  of  the  mid- 
dle cerebral  artery.  The  possibility  of  htemorrhage  in  the  floor  of  the 
fourth  ventricle  should  be  borne  in  mind  in  investigating  cases  of  sud- 
den death  from  obscure  causes. 
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Most  common  are  degenerations  of  the  pyramidal  tracts  from  luemor- 
rhages  into  tlie  sensory-motoi-  region  of  the  cortex,  or  from  hfemorrhages 
into  the  internal  capsule  (Icnticulo-striate  artery).  Hiemorrhages  in- 
volving the  optic  centres  or  the  optic  fibres  le;wi  to  degeneration  in  the 
optic  tracts.     Hiemorrhages  into  other  portions  of  the  brain,  by  destroy- 


ing coiiiiuissuml  cells  or  interrupting  their  fibres,  lead  to  degeneration  of 
iuti-acranial  fibre  tracts. 

Hemorrhage  in  the  Spinal  Cord  is  much  less  freqnent  than  in  the  brain, 
but  may  occnr  either  as  capillary  apoplexy  or  as  larger  apoplectic  clots. 
Capillary  hemorrhages,  similar  in  appearance  to  those  of  the  brain,  may 
occur  as  the  result  of  injury,  or  near  areas  of  softening  or  tumors,  or  may 
accompany  severe  convulsions,  as  in  tetanns.  Apoplectic  clots,  which 
are  comparatively  rare  in  the  spiual  cord,  are  usually  small,  commouly 
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not  more  thau  1  cm.  in  diameter,  and  are  Bimilar  in  their  appearance, 
aud  in  the  changes  subsequent  to  their  formation,  to  those  in  the  brain. 
They  are  usually  the  result  of  injury;  but  may  occur  spontaneously. 
These  so-called  "spontaneous  hiemorrbages "  are  undoubtedly  in  most 
cases  the  result  of  inflammation.  They  may  occur  in  any  acute  disease 
of  the  cord,  and  are  an  especially  frequent  complication  of  acute  myelitis. 
Haemorrhage  into  the  cord,  occurring  in  the  course  of  an  acute  iufectious 
disease,  is  probably,  as  a  rule,  due  to  an  unrecognized  myelitis  or  acute 
degeneration.     Htemorrliages  in  the  course  of  a  chronic  myelitis  are  not 
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the  term  htBmalomyelopore  has  been  applied  by  Van  GiesOD,'  To  a  simi- 
lar condition  iu  which  proliferatiou  of  the  neuroglia  is  the  most  marked 
feature,  the  name  of  "  false  or  secoudary  syringomyelia  "  has  been  given. 


Thbohbosis  and  Embolism. 

Thrombi  may  form  iu  the  arteries  as  a  result  of  any  degenerative  or 
inflammatory  process  iu  their  vails  leading  to  a  roughening  or  death  of 
the  iutima,  or  from  pressure  from  without^  or  they  may  occur  in  ^-e6sels 


FlO.  GIO.  — HfHATOHTELOPOU. 
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in  whose  walls  we  can  detect  no  primary  lesion.  The  most  common 
causes  are  atheroma  ajid  simple  endarteritis.  Thrombi  may  also  form 
around  an  embolus  which  does  not  entirely  occlude  the  vessel. 

Emboli  of  the  cei'ebral  arteries  most  commonly  arise  from  acute  or 
chronic  endocaiditis  or  cardiac  thrombi ;  they  may  arise  from  aneurisms 
or  atheroma  of  the  aorta,  from  the  carotid  or  vertebral  arteries,  or  from 
the  pulmonary  veins.  The  materials  constituting  emboli  vary  greatly, 
depending  on  their  mode  of  origin  (see  page  76).  The  effects  on  the 
brain  tissue  of  emboli  and  thi'ombi  of  the  arteries  are  essentially  the  same 
in  their  main  features.  In  some  eases,  however,  in  which  large  emboli, 
usually  from  endocarditis,  suddenly  block  up  a  large  vessel,  the  iudi^id- 
ual  may  die  almost  instantly  without  other  apparent  lesion  than  the  stop- 
pjige  of  the  vessel. 

'  Vnn  Giaton.  " Hiematomyclopore— a  New  Spinal-Cord  Disease."  New  York  Poly 
eiinic.  1897,  vol.  s..  p.  »7. 
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In  general,  the  first  effect  of  the  occlusiOD  of  an  artery  is  to  deprive 
the  regiou  to  which  it  is  distributed  of  blood,  lu  arteiies  whose  branches 
anastomoHe,  the  affected  area  is  soon  supplied  with  blood  by  the  estab- 
lisbuieiit  of  a  collateral  circulation.  lu  teimiual  arteries,  on  the  other 
hand,  the  bloc^king  of  the  vessel  is  followed,  as  a  rule,  by  degeuerati^e 
changes  and  softening  in  the  brain  tissue.  The  appearances  which  tbese 
degenerated  areas  present  vary  gi-eatly,  depending  upon  the  stage  of  the 
degeneration  and  the  amount  of  blood  which  may  be  extravasated.     Dense 
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letR  of  myelin,  nerve  cells,  shreds  of  uearc^lia  tissae  and  blood-vessels, 
and  red  aud  white  blood  cells.  The  evideuce  of  degeneration  is  seen 
iu  the  presence  of  fat  grannies  and  droplets,  larger  and  smaller  cells 
densely  crowded  with  droplets  of  fat  (so-called  Gluge'»  corpuades  or  com- 
pound granular  corpuscles).  Various  kinds  of  cells  and  cell  fragments, 
more  or  loss  granular  and  fatty,  and  also  corpora  amylacea,  blood  pig- 
ment, fat  crystals,  aud  cholesterin  crystals,  may  be  found  (Fig.  521). 
The  walls  of  the  blood-vessels  may  also  be  in  a  condition  of  fatty  degen- 
eration ( Fig.  522).  The  color  of  the  softened  mass  will  of  course  depend 
upon  the  relative  amounts  of  these  elements. 

The  tissue  may  remain  for  a  long  time  in  the  soft  coudition,  or  it 
may  be  absorbed  aud  replaced  by  a  counective-tissne  cicatrix  which 
may  be  more  or  le«is  pigmeuted ;  or  a  wall  of  counective  tissue  may 
form  about  it,  converting  it  into  a  well-defined  cyst,  with  or  without 
pigmented  walls;  or  the  mass  may  dr^'  and  form  a  dense,  structureless 
nodule.  Acute  inflammatorj'  changes  may  occur  about  the  dead  tissue. 
In  cases  of  infections  emboli  numerous  abscesses  may  be  formed  in  addi- 
tion to  their  mechanical  action. 

Thrombi  are  most  frequeut  in  the  internal  carotids,  less  so  iu  the 
middle  cerebral,  basilar,  and  vertebrals.  They  may  occur,  but  still  less 
fretpiently,  in  other  ceiebral  arteries.  Emboli  are  most  common  in  the 
middle  cerebral  artery,  next  in  the  iutenial  carotid,  and  then  in  the  basi- 
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lar.  The  relative  fretpiency  with  which  embolism  occurs  in  the  middle 
cerebral  artery  is  attributable  to  the  directness  with  which  the  blood 
passes  into  this  artery  from  the  heart.  The  great  significance  attaching 
to  embolism  of  the  middle  cerebral  arterj'  is  evident  when  we  remember 
that  its  branches  within  the  brain  are  terminal  arteries,  and  are  dis- 
tributed to  such  important  structures  as  the  lenticular  and  caudate  nuclei, 
the  internal  capsule,  and  the  optic  thalamus. 

Thrombosis  and  embolism  also  occur  in  the  vessels  of  tbe  spinal  cord. 


Digitized  by  Google 


THE   NERVOUS   SYSTEM. 


tliough  less  f reqaently  thau  iu  tliose  of  the  braiu.  Asiu  the  brain,  wheu 
they  involve  ternilnal  arteries,  they  determine  areas  of  softening  and 
couseqneut  secondary  degenei'atlous. 


Lesioss  of  the  Vessel  Walls  in  the  Beain  akd  Coed, 

The  mural  chaiiges  iu  tlie  vessels  are  not  peculiar  to  the  uervoua  sys- 
tem :  the  most  frequent  is  that  known  as  atheroma  or  arteriosclerosis. 
It  is  especially  common  in  the  system  of  arterial  trunks  which  make  up 
the  circle  of  Willis.  Fatty  degeneration  is  often  found  in  the  ^'essel 
walls  coincident  with  the  increase  iu  the  connective-tissue  elementa 
Calciticiition  may  oc^rur  and  may  be  so  extensive  that  the  whole  ur  a 
greater  part  of  the  cirele  of  Willis  is  converted  into  a  series  of  hai^d 
tubes  usually  somewhat  lai^ger  than  normal.  More  commonly  the  cal- 
careous areas  are  irregular  in  their  distribution,  giving  to  the  vessels  a 
nodular  appearance.  Fatty  degeneration  may  also  occur,  though  more 
rai-ely,  as  an  iudei>endent  lesion.  It  affects  particularly  the  muscular 
coat.     Hyaline  degeneration  may  also  occur  either  as  an  iiidei)endeut 
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by  Nisfil.i  Subjected  to  tbis  tecboique  oerve  cells  preseni  two  vei;  diftercDt  types  ot 
reaction.  C'ertniu  cells,  sucli.  for  example,  as  Uie  cells  of  the  granule  layers  of  the  cere- 
bellum and  of  ibeolfaclory  lobn,  stain  only  as  to  their  nuclei,  tbe  cell  bodies  themselvea 
remaining  entirely  unstained.  To  sucb  cells  Tiissl  has  given  Ibe  name  of  cnryocbrome*. 
It  is  obvious  tbat  the  method  of  NissI  gives  no  insight  into  the  structure  of  these  cells. 
The  majority  of  nerve  cells,  however,  react  both 
as  to  their  nuclei  and  as  to  their  cell  bodies  to 
the  NissI  Btaio.  These  cells  Nlssl  designates  as 
tomatoehronie*.  Such  a  cell  presents  tbe  follow- 
ing appearance  (Plate  Xllt..  1).  There  is  a  nu- 
cleus identical  in  structure  with  nuclei  found  in 
otlier  cells.  It  is  bounded  by  a  nuclear  mem- 
brane and  traversed  by  a  network  which  takes  a 
comparatively  light  blue  stain.  Within  the  nu- 
cleus is  a  Ducleiilus  staining  an  intense  blue. 
In  Ibe  cell  l>o<ly  two  distinct  elements  appear; 
a  elear  ground  substance,  unstained;  and  scat- 
tered through  it  deep  blue  staiahig  masses, 
known  as  throrii'iiihilie  fmdie».  These  cliromo- 
pliiltc  bodies  are  granular,  and  dilTer  in  size, 
slmt)e.  and  arrangemenl.  These  differences 
have  served  as  a  basis  <.f  classification.  Pre- 
senting variations  in  different  types  of  cells, 
their  appearance  in  a  given  type  remains  con- 
slant.  Most  in  vesli gators,  while  differing  in 
details,  agree  in  ascribing  to  the  unstainable 
substance  a  delinite  structure.  This  structure 
is  usually  <lescr!bed  as  composed  of  a  fibrillar  or 
relicular  network  lying  in  a  more  or  less  homo- 
geneous groun<l  substance.  With  the  use  of  tbe 
ordinary  technique  of  Ni.>vsl.  all  of  the  cell  btxly, 
excepting  the  cliromophilic  bodies,  remains  un- 
stained and  apparently  structureless.  Our  ideas 
as  Ip  the  physiology  of  these  different  elements 
of  the  nerve  cell  rest  largely  upon  a  theoretical 
basis.  It  has  been  shown  tbat  the  nerve  cell 
represents  the  genetic  centre  of  the  neurone. 
Fnim  the  liebavior  <)f  the  processes,  when  cut 
off  from  the  nerve  cell,  it  Is  evident  tliat  tbe  cell 
body  represents  the  nutritive  or  trophic  centre 
of  the  neurone.  It  seems  probable  that  from  the 
standpoint  of  neurone  activity,  the  cell  Iwdy  n 
presents  the  functioual  centre  of  the  neuroni 
while  the  processes  act  as  organs  of  reception  i 
of  distribution.  Ceriain  facts,  sueli  as  the  entire 
absence  of  the  chromatic  sidistance  in  many 
nerve  cells,  in  tbe  axones  of  all  nerve  cells,  and 
its  diminution  during  functional  activity  and  ii 
fatigue,  together  with  its  behavior  tinder  certain 
patliological  conditions,  lend  weight  to  the  view  that  the  slainable  substance  of  Nissl 
represents  a  fiwMl  element  of  tbe  cell.  The  achromatic  element,  on  the  otbei'  hand,  is 
continuous  with  tbe  llbrillie  of  tbe  axone,  and  Is  considerwi  by  most  investigators  as  repre- 
senting tbe  essential  nervous  mechanism  of  the  cell.  Tlie  relation  of  the  Nissl  picture 
to  the  conditions  existing  in  tlie  protoplasm  of  tbe  living  cell  still  remains  an  unsolved 
problem.  The  importance  of  the  Kissl  method  from  tbe  standpoint  of  pathology  lies 
in  the  tact  that  when  subjected  to  a  given  technique,  a  given  type  of  nerve  cell  presenia 
'  See  Nissl's  metbud  of  siuiulng,  p.  88S. 


Fro.  SS3.— Necbonb 
Ganolion  Cell  and 
hchan  ceskbiul  cortex, 


[  main  or  aploal  dendrll*^  powiIdr 

coming  oil  from  the  main  dendnie  and  rmm 
if  ttap  cell.  A  single  uone  laxls- 
ciFllnder  process)  paasEs  downward  from  Ihe 
base  ol  tbe  cell,  giving  oIT  (wo  eollai«BLs. 
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ftlnaj's  the  same  appesntDce,  and  tliat  tliis  appearance  fumisbes  a  Dom  for  compariBon 
with  cells   sbowiog    pathological   chftDges    and 
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BXPLiNATION    OF    PLATE    XIIL' 

1.  NoRUAL  Ganoudn  Cell.     I,arge  motor  cell  from  anterior  hom  of  buraao  spinal 

cord,  showing  tbe  nucleus  in  Its  normal  central  posiliou  witb  its  nucleolus.  In  ilie 
body  of  the  cell  are  seen  the  chromophilic  bodies  of  various  shapes  au<l  sizes. 
Three  maui  prctoplaamic  trunks  or  dendrites  pass  off  from  the  upper  portion  of  the 
cell.  In  these  the  chromophilic  bodies  are  rod-shaped.  The  largest  process 
branches  at  a  short  distance  from  tbe  cell.  To  the  left  is  seen  the  axoiic  or  asis- 
cylfnder  process  free  from  chromatic  substance,  as  is  also  that  portion  of  tbe  cell 
from  which  it  takes  origin  (axone  hill). 

2.  Oanglion  Cell  from  the  Antebior  Hork  of  the  HtrxAM  Spinal  Cord  of  a 

Case  of  Alcoholic  Nedhitis.  Showing  eccentricity  of  tbe  nucleus  and  a  1arg<- 
central  area  of  the  cell  body  free  from  chromatic  substance  (central  chromatolysis). 
with  an  amugement  of  the  remaining  chromophilic  bodies  around  the  peripliery. 
(The  similarity  between  the  appearance  of  this  cell  and  the  one  shown  in  Fig.  6 
should  be  noted.) 

8.  Qakolion  Cell  from  trb  Anterior  Horn  of  the  Spikal  Cord  of  a  R.tBsiT 
Ikocclated  with  Rabic  Virus  and  Killed  Shortly  After  the  Onset  of 
Symptoms.  Shows  an  early  stage  of  cbromatolysis ;  the  chromophilic  bodies  t)cing 
pale,  ragged,  and  vacuolated. 

4.  Ganglion  Cell  from  the  Anterior  Horn  of  the  Spinal  Cord  of  a  Rabhit 
WHICH  Died  on  the  Kisth  Dav  After  Inoculation  with  Rabic  Vihvs. 
Shows  e.xtrcme  cliromatolysis.  only  a  few  flue  granules  of  chromatic  substance  re- 
maining at  the  periphery.  The  cell  is  swollen,  the  nucleus  has  disappeare<l.  and 
the  cell  body  and  processes  are  stained  more  deeply  with  tbe  erytbrosin  than  is  the 
case  in  normal  cells, 

6.  Normal  Oanolion  Cell  prom  a  Hi'man  Spinal  Ganolion  of  the  Posterior 

Root,  Showing  central  position  of  the  nucleus  and  the  concentric  arrangeineul  of 
the  chromophilic  bodies. 
fl.  Ganglion  (Ikll  from  the  Posterior  Root  Ganglion  of  a  Rabiht  Three 
Weeks  After  Section  op  the  Sciatic  Nerve.  The  cell  shows  extreme  eccen- 
tricity of  tlie  nucleus  with  central  chromatolysis  and  a  peripheral  arrangenient  of 
the  remaluing  chromophilic  bodies — axonal  degeneration.  (There  also  remains  in 
the  central  portion  of  Ibeccll  some  chromatic  su I istancc  In  the  sliapeof  line  granules 
forming  an  irregular  reticulum.  The  similarity  between  this  picture  and  the  one 
shown  in  Fig.  2  is  apparent.) 

7.  Portion  of  a  Posterior  Root  Ganglion  from  a  Case  op  Tabes  Dorsalis. 

Showing  degeneration  in  the  ganglion  cells  witli  increase  in  the  interstitial  connec- 

8.  Two  Pyramidal  Cells  from  the  Normal  Hi-man  Cerebral  Cortex.    While 

the  pyramidal  cells  in  the  human  cortex  vary  considerably  in  the  amount  of  chro- 
matic substance  which  Ihey  contnin,  these  are  of  an  average  type. 

9.  Two  Pyramidal  Cklls  op  the  IIiman  Ceiiebiial  Cortex  from  a  Case  of 

Eclampsia.    These  cells  show  marked  chromatolysis. 

'  Id  me  stalnLnR  o(  the  upeelmpns  from  wblcb  tliese  drawinRs  were  madp.  Hold's  i 
N1S9l'!i  melhod  was  uspd.  Tbleronaliii8«sspnllaUy  In  a  prelimlanry  staining  of  Ibe  sections 
cent  aqueous  BOlutlou  olecTlbrosln  l9ee[>.770). 
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fibrils  are  somi'limea  continuous  tlirougliout  a  series  of  neuroDes.  NiasI  Id  a  critical 
review  upon  the  present  status  of  'lie  neurone  theory  iinnounces  his  t>elief  that  Ilie 
entire  neurone  concept  lias  been  proved  fallacious  ami  must  be  abandoned. 

Admitting  tbat  the  discovery  of  nnastomoses  between  neuinnea  and  of  the  continu- 
ity of  the  neurofibrils  must  be  accepted  as  invalidating  some  of  our  ideas  as  to  the  sep- 
arutuness  of  the  neurone  units,  it  can  still  hardly  be  considered  as  overthrowing  the 
entire  neurone  tlieory.  Enibryologically,  morphologically,  and  physiologically  the 
neurone  sliows  a  marked  degree  of  individuality,  and  the  fact  tliat  neurones  sometimes, 
usually,  or  even  always  anastomose,  no  more  warrants  the  giving  up  of  the  neurone  as 
essentially  a  unit,  than  did  the  discovery  of  the  fact  that  the  protoplasm  of  epithelial 
cells  was  continuous  through  intercellular  "bridges"  necessitate  tile  giving  up  of  the 
epithelial  cell  as  the  structural  unit  of  epithelium. 
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Neurone  Degeneration. 
D^eDerative  changes  may  affect  the  entire  Dcurone  or  any  of  its 
parts.     Such  changes  may  result  from  direct  injury  to  some  part  of  the 
neurone,  to  diminution  or  modification  of  its  nutritive  supply,  to  various 
toxic  conditions,  etc. 

L  Chai^;es  is  the  Fenronefrom  InjurytoOne  of  it*  Parts.— (a)  Changes 
IN  the  Axone  Eebulting  from  Separation  from  its  Cell  Body. 
— That  changes,  presumably  of  a  degenera- 
tive character,  occur  in  the  peripheral  end 
of  »  nerve  when  its  connection  with  the  cen- 
tral nervous  system  is  broken  has  long  been 
known.  This  d^eneration  takes  place  as  well 
iu  the  central  as  in  the  peripheral  uervous 
system,  and  is  complete,  involving  everj'  por- 
tion of  the  axone  distal  to  the  point  of  sectiou. 
The  changes  are  not  progressive  from  the 
point  of  lesion,  but  occur  at  nearly  the  same 
time  in  all  parts  of  the  distal  stump.  These 
changes  consist  in  a  breaking  up  of  the 
medullary  sheath  into  segments  (Fig.   527), 

which  in  turn  disintegrate,  forming  variously  shaped  masses  of  myelin, 
among  which  may  be  seen  the  axis  cylinder,  the  whole  being  enclosed  by 
the  neurilemma.  The  method  of  Marchi  (see  page  837),  which  differen- 
tiates between  fat  and  myelin,  shows  that  coincident  with  the  breaking 
up  of  the  myelin  there  is  an  appearance  of  fat  droplets  (Fig.  528).  Theae 
fat  droplets  increase  in  number  jwin  passu  with  the  deci-ease  in  myelin, 
but  also  ultimately  disappear.  During  the  progress  of  these  changes  in 
the  medullary  sheath,  the  axis  cylinder  at  first 
segments  and  then  undergoes  dissolution.  The 
neurilemma,  on  the  other  hand,  appears  to 
take  no  part  in  the  degenerative  process.  On 
the  contrary,  it  and  its  nuclei  remain  intact  to 
take  part  later  in  regenerati^'e  changes,  should 
these  occur.  If  there  is  no  I'eunion  of  the  sev- 
ered ends  of  the  axone,  the  peripheral  portion 
completely  disappears,  its  place  being  taken 
by  connective  tissue. 

(ft)  Changes   in   Dendrites    Resl'lting 

da^riCTaUop   of  me   med"uilarT      FROM  THEIR  SEPARATION   FROM   THEIR   CELI, 
■"*"'"■  BoDiBK.  —If  we  consider,  as  does  Van  Gehnch- 

ten,'  that  the  peripheral  arm  of  the  spinal  ganglion  cell  is  a  protoplasmic 
process,  making  a  physiological  rather  than  a  morphological  dififerentia- 
tion,  we  find  that  the  same  law  holds  good  for  dendrites  as  for  axones 
'  Van  GehuciKcn,  "Anotomie  du  Syst&me  NerveuJt  de  I'Homme,"  p.  218. 


^^ELS^'f^-- ■•^-  -'^^ 


FIO.    Sa".— NKrUOSK    DEmtNEIU- 
TION   AFTER  IXJIHV. 

Loniiiludliial  aedlon  of  disl'il 
ponlDD  of  the  rame  nfrre,  Hbt- 
fbl  Btalu.    The  hlspk  dola  nvre- 
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■wheu  separated  from  their  cell  bodies.  Thus  in  the  divided  peripheral 
nerve  those  fibres  which  are  the  processes  of  the  spinal  ganglion  cells 
undergo  the  same  degenerative  changes  as  do  the  fibres  which  are  proc- 
esses of  cells  of  the  anterior  horn.  Most  dendritic  processes  are,  how- 
ever, so  short  and  terminate  in  the  gray  matter  so  near  the  cells  from 
which  they  originate  that  experimental  separation  of  the  process  from 
its  cell  body  is  impracticable.  In  view  of  the  fate  of  the  axone,  however, 
and  the  relation  of  the  dendrites  to  the  cell  body,  there  cau  be  little 
doubt  that  as  complete  degeneration  follows  the  severance  of  a  proto- 
plasmic process  from  its  cell  of  origin  as  follows  in  the  case  of  the  axone, 
(c)  Changes  in  the  Proximal  Stump  and  in  the  Cell  Body 
Resulting  from  Lesion  to  the  Axone. — The  fundamental  principle 
of  the  law  of  Waller  was  the  complete  degeneration  of  the  distal  portion 
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(d)  Changes  in  the  Cell  Body  Kesulting  fsom  Lesions  to  its 
Dendrites. — In  the  Bt".idy  of  the  effect  upon  the  cell  l>ody  of  n  lesiou 
depriving  it  of  one  or  all  of  its  dendritic  processes,  we  meet  with  the 
same  experimental  obstacles  ali'endy  meutioued  Id  conuectiou  with  chauges 
ill  the  dendrites.  It  is,  again,  only  in  the  peripheral  arm  of  the  spinal 
ganglion  cell  that  we  have  a  cellulipetal  process  of  any  considerable 
length.  Section  of  this  proce^  results  in  changes  in  the  spinal  gan- 
glion cell  quite  similar  in  character  to  the  so-called  "axoual"  degenera- 
tion (Plate  XIIL,  (i).  If  we  consider  that  a  cell's  dendrites  probably 
furnish  its  most  important  avenue  for  the  reception  of  impulses,  it  follows 
that  a  neurone  may  be  thrown  as  completely  out  of  circuit,  as  it  were, 
by  injury  to  its  dendrites  as  by  injury  to  its  axone.  The  experiments 
of  Warrington '  are  interesting  in  this  connection.  He  attempted  to 
bring  about  the  same  functional  effect  as  would  result  from  section  of  a 
cell's  dendrites,  by  inliibitmg  afferent  impulses.  Cutting  the  posterior 
roots,  he  noted  changes  in  the  cells  of  the  anterior  horn.  The  infei-enco 
was  that  these  changes  were  induced  by  an  inhibition  of  the  customary 
normal  stimulation  by  means  of  the  afferent  impulses  reaching  the  cells 
through  their  dendritic  processes. 

n.  Changes  in  the  Kenrone  trom  Interference  with  ita  Nutrition. — Changes 
apparently  of  a  degenerative  character  have  been  described  in  neurones 
as  a  result  of  interference  with  nutrition.  Thus  Brieger  and  Ehrlich' 
found  that  by  temporarily  applying  a  ligature  to  the  abdominal  aorta, 
they  induced  an  acute  necrosis  of  Ibe  cells  of  the  lumbar  cord. 
Later  experiments  of  a  similar  nature  followed  by  the  Marchi  staining 
showed  that  the  degenerative  process  affected  not  only  the  cell  bodies, 
but  the  entire  neurone.  Similar  degenerative  changes  have  been  induced 
by  experimentally  produced  mnltiple  emboli,  cells  in  the  vicinity  of  the 
occluded  vessels  being  in  marked  contrast  to  cells  from  regions  whose 
vessels  remained  patent.  Ewlug '  describes  marked  degenerative  changes 
in  nerve  cells  as  a  result  of  amemia  consecutive  to  pressure  from  cei-e- 
bral  hsemorrhage  and  to  tbroinbasis  of  the  basilar  arterj'.  Less  marked 
changes  ha\e  been  observed  in  cases  of  general  malnutrition  and  in  se- 
vere ante  mi  as. 

m  Effect!  of  Toxins  upon  Venrones. — Changes  of  a  degenerative  char- 
acter occur  in  neurones  ivs  a  result  of  the  action  of  toxins.  These  toxins 
may  be  introduced  into  the  body  from  without,  for  example,  such  poi- 
sons as  alcohol,  arsenic,  lead,  strychnine,  et-c. ;  they  may  be  elaborated 
within  the  body  as  the  result  of  faulty  metabolism,  for  example,  in  urte- 
mia,  eclampsia,  etc.,  or  as  a  result  of  the  action  of  bacteria,  as  in  tetanus, 
rabies  (Plate  XIII.,  3,  4,*  and  8),  diphtheria,  etc.,  or  of  the  Plasmodium 
nialarite.     The  effects  of  these  poisons  upon  the  neurone  vary  with  dif- 

'  Wiirnngt'ti,  W.  B.,  "On  llie  Structural  Alterations  in  Nerve  Cells."  Jour,  of 
Physiol..  London,  vol.  xxiii.,  1898. 

^Brieger  -and  Ehrlich,  "Ueber  die  Aussclisltung  des  Lendenmarkgrau."  Zeitscbr. 
f.  kiln.  Med..  Berlin.  Bd.  vH..  Siippl..  188S-84. 

*Etnng.  J.,  "Studies  ou  Ganglion  Cflls."  Arcli.  of  Keur.  and  Psychopath.,  vol. 
L,189a 
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ferent  poisons  and  io  different  types  of  ueuroues.  The  eff'ects  of  the 
same  poisou  upou  a  given  type  of  neiiroDe  also  vary  aecordiug  to  its 
rapidity  of  actiuu,  whether  rapidly  fatal  or  exteuding  over  a  considerable 
period  of  time.  Again,  given  the  same  poison  and  the  same  time  of 
action,  not  all  neuroues  even  of  the  same  type  show  an  equal  suscepti- 
bility. There  seem  to  be  marked  individual  differences  among  ueuroues 
of  the  same  type  as  regards  their  resisting  powers. 

These  changes  in  the  neurone  from  the  action  of  toxins  may  affect  one 
or  all  of  its  structural  elements,  and  vary  from  the  slightest  appreciable 
loss  of  staining  qualities  of  the  chromopbilic  bodies  to  complete  destruc- 
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actiug.  Thus  a  toxin  affecting  directly  the  cell  body  may  canse  the 
earliest  and  uost  pronoUDced  changes  far  out  in  it»  dendritic  or  asoual 
processes,  i.e.,  in  those  parts  of  the  nearoue  farthest  removed  from  the 
trophic  ceutre. 

To  the  action  of  a  si>ecific  poisou  certain  neurones  seem  less  resistaut 
than  others.  Thus,  to  the  action  of  lead  those  neurones  governing  the 
extensor  muscles  of  the  wrist  seem  especially  susceptible.  The  cells  of 
the  motor  nucleus  of  the  trigeminus  seem  to  be  less  resistant  than  other 
motor  cells  to  the  poison  of  tetanus.  Again,  the  frequency  with  which 
tabes  dorsalis  is  associated  with  a  syphilitic  history  seems  to  indicate  a 
special  susceptibility  to  the  syphilitic  x>oison  ou  the  part  of  the  peripheral 
sensory  neurone. 

Comparing  the  tbaiiges  Id  Ihe  nerve  cell  in  to.xipnilas  (Plate  XIII.,  8  and  i)  with 
tliose  .'nduced  li.v  lesions  tu  its  axone — axoDal  degcncratioD  (Plate  Xlll.,  tt)— wc  notc- 
tljal  while  in  the  latter  the  clironiatolyaiB  la  central  in  character,  beginning  In  the  region 
of  the  axone  hill  and  nuc'  mis,  in  the  former  the  changes  begin  at  the  periphery.  Tl.c 
portion  of  the  cell  in  most  direct  relation  to  the  surrounding  lymph.  In  axonal  de- 
generation tiie  nucleus  is  usually  eccentric.  In  toxiemiB  it  usually  rcTnains  central,  lit 
l<«st  until  the  process  of  degenemlioD  is  far  advance*).  While  this  distinction  holds 
good  in  geneml  and  mhile  the  phenomena  of  central  chroma toly sis  and  eccenlricity  of 
the  nucleus  regularly  follow  injury  to  the  axone,  we  are  not  yet  warranted  in  stating 
that  such  changeH  never  occur  except  after  some  Injury,  or  that  the  presence  of  such 
changes  in  the  cell  can  be  explained  only  on  the  basis  of  injury  to  its  axis*cylindtT 
process. 

IT.  Effects  of  Fatigue  upon  Nenronea, — Studies  upon  the  effect  of  ftt- 
tigue  upou  the  neurone  have  been  miide  in  animals  after  prolonged  mus- 
cidar  activity  and  after  electrical  stimulation.  While  the  results  are  not 
in  complete  accord,  there  seems  to  be  little  doubt  that  definite  morpho- 
logical changes  occur  in  the  neurone  as  a  result  of  fatigue.  These  changes 
con.sist  in  a  decrease  in  the  size  of  the  cell  body,  a  decrease  in  the  size  of 
the  nucleus,  often  with  distortion,  and  a  marked  decrease  in  the  amount 
of  chromatic  substance  with  more  or  less  diffuse  staining  of  both  cell 
body  and  imcleus. 

It  seems  not  at  all  improbable  that  the  clinical  pictures  presented  by  certain  psy- 
choses and  ni'urosL-s  are  the  expression  of  the  effects  upon  tlie  neurones  of  prolonged 
fiitiguc.  Certain  local  expressions  of  neurone  exii&usiion,  as,  for  example,  writer's 
cramp,  may  possibly  also  be  |)laced  in  the  same  category. 

As  to  the  significance  of  those  changes  in  the  nerve  cell,  which  are  marked  by  dim- 
inution in  the  cbromalie  substance  alone,  and  to  which  the  tt^rm  "cliromatolysls"  has 
been  given,  there  is  a  considerable  difference  of  opinion.  Marinesco'  considers  them  of 
the  nature  of  degeneration.  Van  Geliuehten'  is  inclined  to  look  upon  the  phenomenoD 
as  conservative  in  character,  a  means  by  which  the  neurone  assumes  a  condition  most 
advantageous  for  self-defence.  It  has  been  shown  that  even  an  extreme  degree  of 
chromatolysis  is  not  incompatible  with  function.  Alarinesco  insists  tliat  so  long  as  the 
changes  are  confined  to  Ihe  chromatic  substance  recoveiy  Is  possible,  no  matter  how 
extensive  the  alterations,  while  changes  in  the  achromatic  elements  are  always  per- 
manent in  character.  It  seems  quite  probable  that  a  comparatively  easy  method  of 
investigation  has  led  to  an  overestimation  of  the  significance  of  changes  in  the  chro- 
msiic  substance  of  the  neurone,  and  to  a  neglect  of  probably  more  important  but  leas 
easily  studied  changes  In  the  achromatic  elemetit. 

"Anatomic  du  Sysiime  Nerveux,"  p,  889. 
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Eegeneeation. 


Regeneration  of  nerve  tissue  in  the  sense  of  an  actual  reprodaction 
of  neurones  probably  never  occurs  in  the  adult  human  nervous  system.' 
As  has  been  uot«d,  extreme  chromatolyeis  may  be  succeeded  by  complete 
recovery.  In  the  case  of  axoual  chromatolysis,  the  degenerative  process 
usually  reaches  its  maximum  in  about  three  weeks.  Regeneration  of 
chromophilic  bodies  then  begins,  Tliis  j-ecoustructive  process  is  slow, 
the  cells  often  requiring  mouths  to  return  to  a  normal  condition.  At 
some  stage  of  the  process  there  is  usually  au  over-production  of  chro- 
matic  suhRtancp.  find  tlit^  nells  nnriAar  cliirker  than  nnrtnal. 
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Ization  iiuads  the  grouping  of  cell  bodies  of  DeiiroDeafor  specidc  fUDCtion.  After  tbe 
kQowc  loualizalions  an.'  elimioateil.  there  still  lemaiDs  unaccounted  for  the  greater  part 
of  the  cerebral  cortex,  and  our  present  bi'lief  is  that  these  neurones  are  neurones  of 
association  by  which  the  various  centres  are  brought  into  physiological  relationship. 
Some  understand int;  of  this  oeumne  grouping,  and  es|>ecially  of  the  arrangement  of 
tlu-ir  neuraxonea  as  fibre  tnictH  of  the  cord  is  es.sential  to  an  appreciation  of  those 
degenerations  which  affect  deflnite  systems  of  neurones. 

PEKiPHERAt.  Motor  Neurones.— These  neurones  have  their  cell  bodies  in  the  gray 
matter  of  the  anterior  bom  and  in  the  motor  nuclei  of  the  crBuial  nerves.  Their  aeur- 
axones  pass  out  as  the  motor  fibres  of  the  cranial  and  of  the  spinal  nerrea.  The  eoUre 
neuron(;  lies  upon  the  same  side  of  the  l>ody :  that  is.  (be  peripheral  motor  Deurone  is 

The  Upper  ok  Cortico-Spin.ii.  Motor  Xefrones  have  their  cell  bodies  situated 
mainly  in  tlie  cerebral  cortex  near  the  li:ssure  of  Rolando.  Their  ncuraxones  converg 
iog.  pass  through  the  internal  capsule,  pons,  and  medulla,  sending  off  fibres  to  the 
motor  nuclei  of  the  ctsnial  nerves.  In  the  medulla  the  tract  comes  to  the  surface  as  the 
anterior  jtyrami^.  At  the  Junction  of  medulla  and  cord  occurs  the  pyramidal  decuaaa- 
tioD  in  vhicb  most  of  tlie  llhres  of  the  tract  cross  to  tlie  opposite  lateral  region  of  the 
rord.  to  be  known  as  the  crmteil pyramidal  Inirl,  while  a  minority  remain  on  the  same 
side,  to  piLss  down  the  con)  us  the  tlireet  jigniiHidnl  Iniel.  As  the  tracts  descend,  fibres 
continuously  leave  tbeni  to  terminate,  tliose  of  the  crossed  tract  in  the  gray  matter  of 
tlie  same  side,  those  of  the  direct  tract,  after  passing  through  the  anterior  commissure, 
in  the  gray  matter  of  the  opposite  side.  The  corticii- spinal  motor  tract  is  a  crossed 
tract.'  These  tracts  present  variations  In  size  and  length.  They  are  often  asymmetrical. 
The  crossed  tract  extends  to  the  lower  sacral  cord.  Tlie  direct  tract  usually  ends  about 
the  nnd -dorsal  region,  though  it  lias  been  followed  aslowasthesecond  lumbar  segment. 

The  SEireoRT  (Affkhent)  Tract,  like  the  motor,  consists  of  two  segments,  an 
upper  and  a.  lower. 

The  hirer  or  peripkeml  seii»i/ry  neiiiwie  tract  has  Its  cell  bodies  in  the  ganjjlia  of  the 
spinal  and  of  the  crauial  nerves.  Their  peripheral  arms,  which  Van  Gehuchteu  con- 
aiders  protoplasmic  processes,  are  asia  cylinders  of  cranial  or  of  spinal  uerves.  Their 
central  processes  or  axones  puss  into  the  cord  as  llie  fibres  of  the  posterior  roots  and 
enter  the  jiosterlor  columns.  Here  they  <livide  into  ascending  and  descending  arms. 
The  descending  arm  is  short,  and  wlili  its  collateral  branches  soon  tenninates  in  the 
gray  matter  of  the  same  si<le  of  the  cord.  The  ascending  ami  may  also  be  short,  and 
with  its  colbitcrals  terminate  as  does  the  descending.  It  may  pass  a  considerable  dis- 
tance up  the  cortl  and  then  end  In  the  gray  matter.  It  may,  as  oue  of  the  long  fiiirea 
of  the  posterior  columns,  continne  upward  to  the  medulla,  whei^e  it  terminates  in  one  of 
(be  posterior  column  nuclei.  These  long  fibres  pass  inward  as  they  pass  upward,  so 
that  the  lower  the  origin  of  (lie  fibre  the  more  mesial  is  its  position  in  the  upper  part  of 
the  eonl.  Tlic  entire  neurone  lies  upon  the  same  side  of  the  cord.  The  lower  sensory, 
like  llic  lower  motor  neurone,  is  direct.     . 

UpiK-r  Seiitory  SetirimiK. — Tlie  arrangement  of  these  neurones  is  extremely  complex, 
anil  only  those  whose  axones  enter  into  tlie  fonnstion  of  distinct  tracts  of  the  cord  will 
be  here  mentionc<l.  Of  the  above- desrribcil  central  arms  of  the  peripheral  sensory  neu- 
rones, sonie  of  the  shorter  enter  the  gray  matter  of  the  coi'd  and  with  their  collaterals 
terminate  around  motor  cells  (reHexes).  Others  terminate  around  cells  whose  axones 
cross  to  the  opjiositc  side  of  the  cord  and  pass  upwani  as  tlie  ontero-lateral  ascending 
tract,  or  tract  of  Gowers.  Oilier  fibres  terminate  around  cells  of  the  column  of  Clarke, 
tlie  axones  of  which  pass  upwar<l  as  the  direct  cerebellar  tract. 

In  addition  to  tliese  main  Jihrc  tracts,  tlicre  are  iu  all  regions  of  the  cord  fibres 
which  ai'c  commissural  iu  character.  These  fibri'S  arc  the  axones  of  cells  situated  in  the 
grey  matter  of  the  eoni,  and  after  passing  a  short  distance  up  or  down  and  sending  col- 
laterals into  the  gray  matter,  themselves  re-enter  the  gray  matter  and  terminate  there. 

'  Certain  recent  oliscrvntioiis  tend  to  show  tlint  there  may  be  a  small  number  of 
"direct "  fibres  in  the  so-culleil  crossed  jiyramiilal  tract. 
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Tliese  short  fibres  make  up  the  so-called  ground  bundles  or  fundamentBl  columns  of  ibe 
cord.  Tliey  attain  tbcir  greatest  deve)opmeat  in  those  regions  of  tbe  cord  where  tbe 
reUex  centrea  are  most  extenaive,  i.e.,  in  tbe  lumbar  and  cervical  enlargements. 

Secondary  Degenerations. 

Secondary  degeneratioDS  are  dependent  upon  the  fact  already  noted 
that  the  cell  body,  being  the  trophic  centre  of  tlie  neurone,  the  axoue 
when  separated  from  its  cell  body  dies. 

Descexding  Degeneration. — Any  cortical  lesion,  such  as  embolic 
softening  and  apoplectic  clots,  which  destroys  the  nerve  cells,  or  any 
lesion  of  the  brain  or  cord  which  interrupts  the  axone  tracts  of  the 
corti  CO -spinal  system  of  neurones,  determines  a  complete  degeneration  of 
the  affected  axoues  (Fig.  529).  The  course  of  these  axones  has  been 
described.     Thus  a  lesion  of  the  brain  affecting  motor  neurones  is  fol- 


FlG.  689.— SKCONDABT  DESCKNDINO  DKOINIlRATrON. 


lowed  by  a  degeneration  in  the  motor  tract  of  the  same  side  down  to  the 
pyi-aiuidal  decussation,  and  below  that  point,  in  the  dii'ect  motor  tract 
on  the  same  side  and  in  the  crossed  ti-act  on  the  opposite  side,  the  num- 
ber of  degenerated  fibres  being  proportionate  to  tlie  number  of  cells  de- 
stroyed or  axones  interrupted.  In  a  number  of  cases  of  descending  de- 
generation due  to  cerebral  lesions,  degenerated  fibres  were  found  iu  the 
crossed  pyramidal  tract  on  the  same  side  as  the  lesion.  This  degenera- 
tion was  not  present  in  all  cases,  and  in  no  ca.**  was  it  as  marked  as  the 
degeneration  in  the  opposite  lateral  traet.  The  most  probable  explana- 
tion is  that  a  small  number  of  fibres  instead  of  decussating  pass  down 
into  the  cord  in  the  lateral  tract  of  the  same  side. 

In  descending  degenenvtion  due  to  a  lesion  below  the  pyramidal  de- 
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(jussatiOQ  a  somewhat  dJfiTereut  picture  is  praseDted.  Id  a  complete  trans- 
verse lesion  there  is  degeneration  of  both  crossed  and  of  both  direct  pyr- 
amidal traets.  If  the  lesion  is  nnilateral  the  degenerations  are  tipou  the 
same  side  as  the  lesion.  The  areas  of  degeneration  are  also  larger  aud 
leas  sharply  defined  than  in  cerebral  lesions.  Then  in  addition  to  the 
degeneration  of  the  pyramidal  tracts  there  is  a  degeneration  of  a  con- 
siderable unmber  of  fibres  in  a  crescent-shaped  area  lying  nearthe  periph- 
ery of  the  anterolateral  region  and  extending  from  the  crossed  to.  the 


Fig.  B30,-  Setondaht  asckmdino  droeneratiok. 


FolloiTing  complete  rrUBblnc  o(  the  roni  aboul  two  leKmentii  below  Ibe  level  at  nfalpb  Uie  sertlon  wu 
taken.  DeKenerBtton  ts  ulniosi  romplele  in  Uie  (tolumDH  ot  Gull.  o[  Gowers.  and  la  tbe  dirnn  reiebellar 
(raiis.  A  Ifiw  normal  Obres  are  seen  In  tbe  cnluiqns  ol  Bunlach.  Ttioe  are  Ihe  asreniUng  sjones  at  8i4nB] 
KatiElliii]  cells  betireen  Ibe  polni  nr  Injury  and  tbe  level  of  Itie  swtlon.  and  are  seen  to  nrcupj-  tbat  pan  of 
Ibe  poMerlor  rolunins  adjavent  lo  tbe  posterior  borna. 

direct  tract.  Degeneration  of  these  fibres  has  been  described  by  Marchi ' 
after  removal  of  the  ceiebelhim.  He  considers  them  descending  cere- 
bellar fibres.  The  so-called  comma-shaped  degeneration  in  the  posterior 
columns  is  sometimes  present.  Schultze'  regards  these  fibres  irhich 
are  situated  about  the  middle  of  the  posterior  columns,  as  descending 
asoues  of  spinal  ganglion  cells.  Tooth '  thinks  that  they  are  more  prob- 
ably desceudiug  branches  of  commissural  neurones.  In  the  fundamental 
columns  the  degeneration  extends  but  a  short  distance  below  the  seat  of 
injury,  and  of  coui-se  affects  only  those  axones  which  descend. 

Ascending  Degeneeation. — Any  lesion  which  destroys  the  spinal 
ganglion  cells  or  which  interrupts  their  axones  determines  a  secondary 
ascending  degeneration  in  the  posterior  columns  (Fig.  530).     Any  lesion 

'Xarcfii,  "Origine  e  decoroso  dei  peduncoU  cerebellar!."  Bev.  Sper.  de  Fren.  e 
Med.  eleg..  Bd.  xvii..  p.  367. 

'  SchiiHie,  "On  Com  ma- shaped  Degeneration  ot  the  Posterior  Columns."  Arch.  f. 
Peych..  1883. 

'Ttioth,  "OoulstoDian  Lecturesoo  Secondary  Degeneration  of  the  Spinal  Cord."  Lon- 
di)D,  1889. 
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of  the  cord  whicli  interrupts  the  tract  of  Gowers  or  the  direct  cerebellar 
tract  is  followed  by  degeneration  of  the  fibres  of  these  tracts  above  the 
lesion  (Fig.  530).  Immediately  above  the  lesion  there  is  complete  de- 
generation of  the  tracts.  As  we  pass  upward  new  iui degenerated  fibres 
from  the  spinal  ganglia  above  the  lesion  enter  the  column  of  Bnrdacb, 
so  that  there  appears  in  the  posterior  columns  a  constantly  inci'easiiig 
number  of  normal  fibres.  Also  in  the  column  of  Gowera  undegenerated 
fibres  appear  as  one  passes  upward  from  the  lesion.  Some  of  these  fibres 
probably  have  their  origiu  in  the  gray  matter  of  the  cord,  and  the  num- 
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Degeneration  of  the  Cortico-Spinal  Motor  Keuroneb. 

Spasfic  Fttrapleffia — Spastic  Spinal  Paraiyitis.  — This  may  be  described  as 
a  primary  lesiou  of  the  upper  or  cortico-spioal  motor  neurones.  It  is 
probable  that  the  lesiou  affects  the  entire  neurone.  As  a  distinct  patfao- 
lof;ical  entity  the  condition  is  extremely  rare.  Whether  it  originates  in 
a  degeneration  of  the  cell  bodies  of  these  neurones  in  the  cortex  is  not 
known.  The  clinical  picture  of  spastic  paraplegia,  due  to  compression, 
bo  a  transverse  myelitis,  or  to  a  multiple  sclerosis,  is  not  uncommon. 
Marie'  considers  spastic  paraplegia  as  a  disease  appearing  in  childhood, 
and  due  to  a  faulty  development  of  the  cortico-spinal  motor  neurones, 
rather  than  to  their  degeneration. 

Degeneration  op  Both  Peripheral  and  Cortico-Spinal  Motor 
Neurones. 
Amyotrophic  Lateral  Sclerogig. — This  is  a  primary  progressive  degener- 
ation involving  both  cortico-spinal  and  spino-peripheral  motor  neurones. 
The  appearance  of  the  transverse  section  of  the  cord  is  a  combination  of 
that  in  spastic  paniplef;ia  and  in  progressive  muscular  atrophy.     There 


Fir.  KiL—AUYOTROPHic  Latehai,  Sclerosis. 
Dpgpnerallon  o[  lh<!  iritwitil  pyranildiil  nnd  of  lb»  dirert  pyramidal  iraols.    In  tbis  rsm  there  v*s  but 
\lu\p  ntniphy  of  tiip  nnn-rliir  liiirna.    Very  few  cplls.  however,  were  pnsent  Lq  Ibe  anterior  horns  and  Uiere 
nu  an  <ncrau«  In  Ihu  cimtiK'tiie  IIkhuh  uf  Ibe  burns. 

is  adegenenitioii  of  the  cells  of  the  anterior  horn  with  atrophy  of  the 
born  itself,  and  a  degeneration  of  the  fibres  of  the  direct  and  of  the 
cro-sst'd  pyriimidikl  trsu-ts  (Fig.  531).  Tlie  le.sion  in  the  horns  is  usually 
most  pronounced  in  the  cervical  region.  The  extent  of  involvement  of 
the  motor  tract.-*  of  the  coitl  is  extremely  variable.  The  degeneration 
which  is  the  initial  lesion  is  accompanied  by  a  replacement  connective- 
tissue  hyperpla.«ia,  and  the  pictni-e  piesented  on  section  of  the  cord  is 
that  of  a  sclerosis  of  the  motor  tracts  and  of  the  anterior  horns.  Quite 
'Jfarit.  "Lectures  OD  DiseiisL-s  of  the  Spiual  Conl,"  London,  N.  S.  Soc.,  1896. 
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i'l-equeutly  the  sclerosis  is  uot  wholly  coiifiued  to  the  motor  tracts,  but 
exteuds  into  the  neightoring  auterior  and  lateral  ti'acts,  especially  in 
the  cervical  i-egion.  The  degeuemtion  in  these  tracts  has  been  traced 
throagh  the  medulla,  pons,  and  cms  to  the  cortex,  where  changes  have 
been  observed  iu  the  lai^e  pyramidal  cells.  lu  the  gray  matter  of  the 
medulla  are  also  found  changes  analogous  to  those  in  the  anterior  honis, 
consisting  in  degeneration  of  the  cells  of  the  motor  cranial-nerve  nuclei 
(hyp<^los8al,  spinal  aeceasorj-,  pneumogastric,  glosso-pliarj-ngeal,  and 
facial).  The  atrophy  of  the  muscles  innervated  by  these  ueiTcs  gives 
the  clinical  picture  of  glosso-labio-laryngeal  paralysis  or  progressive 
bulbar  paralysis.  The  medullary  lesion  may  occur  without  any  corre- 
sponding lesion  of  the  cord,  thus  giving  rise  to  a  bulbar  paralysis  with- 
out any  spinal  symptoms.  The  seat  of  the  initial  lesion,  whether  in  the 
cell  bodies,  iu  the  cortex,  or  in  their  axoues,  is  as  yet  undetermined. 
The  fact  that  disturbances  of  nutrition  acting  primarily  upon  the  cell 
body  are  frequently  most  evidenced  by  changes  in  parts  of  the  ii 
farthest  from  the  trophic  centre  has  already  been  mentioned.  The  u 
cle  changes  are  those  of  a  progressive  muscular  atrophy. 
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THE  Dl'RA   MATER  SPINALIS. 

The  dura  mster  spiaalis,  uulike  that  of  tliv  biiiiD,  does  not  serve  as  periosteum  to 
tbe  bones  forming  tLe  cavity,  so  tliat  the  lesions  of  the  two  membranes  differsomewbat. 


HAKOBItHAOE. 

Hsemorrhage  may  occur,  as  the  result  of  iujury,  between  the  dura 
mater  ami  periosteum,  or  it  may  occur  iu  tetauus,  as  a  result  of  circula- 
tory chauges  iuduced  by  muscular  spasm,  or  in  the  asphyxia  of  new- 
born children.  Small  hiemorrhages  on  the  surfaces  of  the  membrane 
may  occur  as  the  result  of  inflammatiou. 

Serous  fluid  may  accumulate  outside  of  the  dura  mater  as  a  result  of 
post-mortem  changes,  or  in  connectiou  with  circulatory  or  inflammatory 
changes  iu  the  membranes. 

nreXAMMATIOW.    (PachTmenmgitifl.) 

Acute  external  pachymeningitis  is  usually  secondary  to  disease  or  in- 
jury of  the  spinal  column,  and  may  result  in  collections  of  pus  between 
the  dura  mater  and  pei-iosteum,  usually  most  abundant  posteriorly. 
Hsmorrbagio  pachymeningitis  occurs  in  the  dnra  mater  spinalis,  with  the 
formation  of  products  similar  to  those  observed  iu  the  brain,  in  the 
chronic  insane  and  iu  drunkards.  Simple  ohronio  pachjrmeningitis  interna 
with  the  formation  of  new  connectiie  ti.ssue  containing  braiu  sand,  is  not 
infrequent.  The  new  tissue  may  form  minute  projections  from  the  sur- 
face, or,  when  more  abundant,  may  take  the  form  of  psammomata.  Tuber- 
culons  inflammation  of  the  dura  mater  spinalis  may  occur  in  connectiou 
with  tuberculous  meningitis,  or  be  secondary  to  tut)erculou8  iuflammatiou 
of  the  vertebrae. 

TnUOBS. 

Fibromata,  llpomata,  ohondromata,  mjrxomata,  endotbeliomata,  and  adeno- 
sarcomata  occur  in  the  dura  mater  spinalis  as  primary  tiunors.  Carci- 
aomata  and  sarcomata  may  occur  as  secondary  tumors.  Small  plates  of 
new-formed  bone  are  rarely  found  in  the  dura  mater  spinalis. 

PARASITES. 

Ecbinococcns  developing  outside  of  the  spinal  canal  may  perforate  the 
dnrji  mater;  or  the  cysts  may  lie  between  the  dura  mater  and  the  pia 
mater. 

THE  PIA   MATER  S  FIX  A  LIS. 

It  is  difficult  in  most  eases  in  the  pla  mater,  as  well  as  in  tlie  dura  mater  spinalis 
and  in  the  spinal  ronl,  to  judge  with  rertainty.  from  tbe  appearances  after  death  of 
the  bliKxi  contents  of  thu  vi'ssels,  of  these  ports  during  life.    The  satne  is  Irue  of  abaoi* 
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inal  quantities  of  serum  found  afWr  death.  The  veins  of  the  pia  mater,  eapecially  in 
the  posterior  region,  may  be  greatly  distended  with  blood  after  deatli,  without  pre. 
existing  diBeaae;  and  the  lulermeuingeal  space  may  contain  much  fluid  urdcr  the  sam^ 
condition. 


Haemorrhages  may  occur  fiMjm  injury  in  connection  with  severe  con- 
vulsions, or  general  diseases  such  as  the  hsemorrhagic  diathesis,  scur\'y, 
smallpox,  etc.  The  hieniorrhages  under  these  conditions,  except  from 
injury,  are  not  usually  extensive.  But  in  some  cases'  of  injury  or 
cerebral  apoplexy,  from  the  bursting  of  aneurisms  of  the  basilar  or 
vertebral  arteries,  or  in  cases  in  which  we  cannot  find  a  cause,  a  very 
large  quantity  of  blood  may  collect  between  the  dura  and  pia  mater, 
aud  in  the  meshes  of  or  beneath  the  latter. 
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TEE   VENTRICLES   OF  THE  BBAIN.     THE  EFEyDYMA  ASD 

CHOROID  FLEXrS. 

GENEBAL  CONSIDEBATIONS. 

Ab  the  lymph-spaces  of  the  pia  mater  and  the  ventricles  of  the  brain 
are  in  commuuicatiou,  it  might  be  supposed  that  they  would  share  alike 
in  the  accumulation  of  tliiids.  This,  however,  is  not  the  case.  The 
membranes  of  the  brain  may  be  highly  cedematous  while  the  ventricles 
contain  aboiit  the  normal  quantity  of  fluid;  or,  on  the  other  hand,  the 
ventricles  may  be  widely  dilated  and  the  pia  mater  unusually  drj-.  Many 
of  these  varying  conditions  may  be  nnderstood  by  remembering  that  the 
skull  and  spinal  canal  form  a  closed  cavity,  and  that  accumulations  of 
fluid  in  one  part  must  be  at ,  the  expense  of  some  material  occupying 
other  parts,  either  blood,  serum,  or  brain  tissue.  It  is  not  always  easy 
to  see,  however,  exactly  how  the  compensation  occurs. 

There  may  be  an  unusual  amount  of  fluid  in  the  ventricles  of  the 
brain  as  a  re.'iult  of  post-mortem  change;  in  connection  with  senile  or 


other  atrophy  of  the  brain,  or  in  the  general  vascular  changes  which  lead 
to  (I'denia  of  the  brain ;  in  connection  with  inflammation  of  the  meninges 
or  of  the  eiiendynia;  or  under  conditions  which  we  do  not  understand, 
as  in  some  ca.sps  of  congenital  and  acquired  hydrocephalus.  Accumula- 
tions of  flnid  in  the  ventricles  ai-e  often  called  internal  hydrocephalm  to 
distinguish  them  fi-oui  accumulations  in  the  meninges — external  hi/dio- 
cephahis. 

IKFLAUHATION.  {Epeiidjrmitia.) 
Acute  Ependymitis, — Iji  this  condition,  which  may  occur  by  itself,  but 
is  nsimlly  aiwociated  with  inflannnation  of  other  parts  of  the  brain,  the 
ependyma  is  congested,  the  vessels  are  more  prominent  than  usual  and 
are  often  tortuous,  Tlie  ependyma  and  the  adjacent  brain  tissue  may  l)e 
thickened  and  infiltrated  with  i)U8  cells,  and  the  surface  of  the  ependyma 
covered  with  fibrin  and  pus  in  \ariable  quantity  (Fig.  512).  The  cavi- 
ties of  the  ventricles  may  contain  purulent  serum.  Small  hjemorrhages 
may  also  be  present  in  the  tissue  of  the  ependyma.  This,  as  well  as 
other  forms  of  inflammation,  is  more  common  in  the  lateml  ventricles 
than  in  the  othei-s,  but  not  infre([nently  involves  the  fourth  ventricle. 
The  choroid  plexus  may  participate  in  the  inflammatory  changes  of  the 
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ependyma.     Tuberculous  inflamiuatioii  of  the  epeiidyma.  is,  an  above 
meutioued,  a  uot  infrequeut  accouii>aDimeut  of  tuberculous  meningitis. 

Chronic  Ependymitia. — This  lesion,  whicli  is  much  more  common  than 
simple  acute  infiammation  of  tlie  ependyma,  occurs  under  a  variety  of 
conditions,  aud  its  nature  and  causation  are  in  geueral  very  obscure. 
The  epeitdynia  is  tbicker,  whiter,  and  more  opaque  than  normal,  so  that 
the  vessels  may  be  nearly  or  quite  invisible.     The  thickenings  may  oc 


Fig.  sis.— AtiTK  Epkniivmitis. 

Bbowlng  rrplaoenient  ot  the  ppUheUum  of  tbe  ventrlclB  by  iiiltaimna«orTeiu(lal*;  fotl«t[oiB  of  pus  cella 
Dmr  tbe  rplUi«]lum  and  about  tbu  itdjiictiiit  smsll  bluod'Vcsselg. 

cur  in  patches  or  diffasely,  aud  the  surface  of  the  ependyma  may  be 
smooth,  or  i-uughened  and  granular.  On  microscopical  examination  the 
surface  of  the  ependyma  may  be  covered  with  the  nsnal  epithelium,  but 
the  new  conueeti^■e  tissue  which  forms  beneath  it  often  raises  it  up  in 
places,  causing  the  roughness  of  the  surface.  The  new  tissue  is  usually 
rather  loose  in  texture  and  may  contain  many  small  spheroidal  cells ;  but 
it  may  be  dense  in  texture  and  contain  few  cells.  The  bi-aiu  tissue  be- 
neath the  thickened  ependynm  may  be  softened  or  infiltrated  with  cells. 
The  sides  of  the  ventricles  may  be  grown  together  in  places  bj'  the  adhe- 
sion of  tbe  thickened  and  roughened  ependyma.  The  ventricles  usually 
contain  more  serum  than  normal,  and  sometimes  this  accumulation  is 
80  great  as  to  cause  an  enormous  dilatation  of  them.  ^Miile  these  are 
in  general  the  prominent  lesions  in  chronic  inflammation  of  tbe  epen- 
dyma, the  cases  vary  gi-eatly  in  the  degree  to  which  these  changes  are 
developed. 

The  accumnlatiou  of  fluid  and  the  dilatation  of  the  ventricles  being 
the  most  marked  feature  in  all  this  class  of  lesions,  they  are  often  called 
chronic  hydrocephalus,  but  in  many  cases  we  have  no  evidence  that  the 
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change  ill  tbe  ependj^ma  is  an  important  or  even  an  actnal  primary 
factor. 

Hydrocephalus. — We  may,  for  convenience  of  study,  consider  three 
classes  of  cases  of  hydrocephalus:  first,  congenital  hydrocephaius  in  young 
cftiW)¥»;  second,  secondary  hydrocephahit  in  children  and  adults;  third, 
primary  hydrocephalus  in  adults. 

1.  CosGESlTAL  Hydrocephaluk. — The  lesion  may  be  in  an  ad- 
vanced stage  at  the  time  of  birth,  or  it  may  be  scarcely  evident  or  but 
moderately  developed.  It  may  progress  rapidly  and  cause  the  early 
death  of  the  child,  or  it  may  develop  gradually  or  come  to  a  standstill. 
In  the  more  marked  forms  of  the  disease  the  ventricles  are  widely  dilated 
(Fig,  513)  and  filled  with  serum,  which  is  usually  transparent,  Xot  only 
the  lateral  \eiitricles,  but  also  the  third  and  fifth,  may  be  involved;  the 
fourth  is  less  apt  to  participate  in  the  lesion,  although  it  is  sometimes 
dilated,  as  well  as  the  central  canal  of  the  cord. 

The  distention,  especially  of  the  lateral  ventricles,  may  be  so  great 
that  the  brain  tissue  o^er  the  vertex  is  crowded  up  into  a  thin  layer  be- 
neath the  dura  mater,  or  it  may  be  entirely  destroyed.  When  the  dila- 
tation of  the  ventricles  is  considerable,  the  convolutions  are  flattened 
and  may  be  almost  entirely  obliterated.  The  skull  bones  may  l>e  thin 
and  bulging  over  the  forehead  and  vertex;  the  fontanels  and  sutures 
widely  open.     The  ei>endynia  in  these  cases  is  usually  thick  and  rough, 


Fie.  513.— CONr.ENITAI,  HlDEMKTEPHALrS  IS  CHILD.      Aboul  bslf  MtUTtl  SlZB. 

a,  a.  Diluted  laleral  veatiii'lpg;  h,  cornua,  unequally  dllaled :  (.  thlnl  v^nirlcle;  'I.  middle  commlnure. 

but  it  may  be  softened,  and  the  blood-vessels  may  be  dilated.  The  basal 
portions  of  the  brnin  may  be  flattened,  but  are  usually  much  less  aflected 
than  the  upper  portions.     The  brain  tiiwue  Ls  usually  soft  and  ansemic 

2.  Secondaky  Hydrocephah'm. — This  may  occur  in  children  and 
adults,  and  may  be  a  result  of  epidemic  cerebro- spinal  meningitis,  oi  of 
acute  meningitis,  or  of  chronic  meninpiti.s.  It  sometimes  occurs  in 
chronic  alcoholic  poisoning  and  in  general  paralj-sis  of  the  insane.  The 
amount  of  dilatation  of  the  ventricles  varies  greatly  in  these  cases,  but 
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it  is  never  so  great  ss  iii  cougeaital  liydi'oceplialus,  aud  is  uot  aceompii- 
nied  by  the  changes  in  the  siiape  of  the  skull  which  form  so  promineut  a 
featiii'e  iu  the  latter  disease,  siuce  tlie  boues  are  firmer  and  the  sutures 
uuited.  Iu  tlii»  form  of  chronic  hydrocephalus  the  chauges  iu  the  epeu- 
dyma  above  described  are  usually  more  or  less  well  marked,  and  they 
may  be  associated  with  the  production  of  fibrin  and  pus. 

3.  Primaey  Hydeoceph ALL'S  IN  ADULTS. — The  conditions  leading 
to  this  form  of  lesion  are  not  understood.  It  is  apt  to  occur  iu  persons 
over  thirty  years  of  age.  Sometimes  one,  sometimes  both  lateral  ven- 
tricles are  dilated.  The  dilatation  is  usually  moderate,  sometimes  very 
slight,  and  never  as  great- as  iu  congenital  hydrocephalus.  The  ven- 
tricles usually  contain  transparent  serum,  and  the  ependynia  is  thickened 
aud  rougheued.  In  some  cases  it  is  the  ouly  lesion  fouud  to  account  for 
tlie  death  of  the  patient. 

TUUORS. 
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orbit.  Over  this  is  od  irregular  body  rtpresentiDg  thu  nose.  The  rest  of  the  face  1b 
trell  formed.  The  eyeball  may  be  wanting  entirely,  or  there  are  two  eyea  Joiued  U>- 
gether,  or,  more  seldom,  two  separate  eyes.  The  orbit  is  surrouaded  by  rudiments  of 
four  eyelids.  Tliefroutal  boneis  single,  the  nasal  bones  are  undeveloped;  tbc  ethmoid, 
vomer,  and  turbinated  bones  are  absent.  The  optic  uervu  is  double,  single,  or  absent. 
There  may  be  hydrocephalus.    Such  children  arc  incapable  of  prolonged  exlsWncc. 

Akencepiulia. — This  malformation  may  be  of  various  degrees.  The  brain  may 
be  entirely  absent,  the  base  of  the  cranium  being  covered  with  a  thick  membrane,  into 
which  the  nerves  pass.  The  membranes  may  form  a  sort  of  cyst  containing  blood  and 
serum,  or  portions  of  braiu.  Of  the  cranial  bones,  only  those  ivhich  form  the  base  of 
the  skull  are  present  (aeram'a).  The  scalp  is  usually  partly  or  entifely  absent  over  the 
opening  in  the  skull;  the  eyes  are  prominent,  and  the  forehead  slopes  sharply  back- 
ward.    This  malformation  may  occur  In  otherwise:  well  developed  children. 

Hydrocephalus. — Tills  lesion  has  been  already  considered  al)ove.  It  is  proba- 
ble that  la  some  cases  hydrocephalvt  iiitemv»  is  due  to  a  primary  partial  anencei^atia, 
and  that  the  accumulation  of  fluid  is  of  secondary  occurrence.  In  rare  cases,  only 
part  of  one  lateral  ventricle  la  hydroceplialic.  giving  to  the  head  a  protuberance  on  one 
side.  The  viability  of  the  f<Etus  depends  upon  the  degree  of  the  hydrocephalus. 
Hydrocfpkalv*  uterinw  is  an  occumulalion  of  serum  beneath  the  pia  mater,  or,  according 
to  some  authors,  between  the  pia  and  dura  mater.  It  causes  dilatation  of  the  cranium 
and  compression  of  the  brain.  It  Is  of  very  rare  occurrence,  and  may  also  be  secondary 
to  partial  anencephalia. 

Cepualocblb,  or  Braim  Hernia. — When  abnormal  openings  exist  in  the  skull 
from  malformation,  the  contents  of  the  cerebral  cavliy  are  apt  to  protrude  iu  the  form 
of  larger  or  smaller  sacs.  This  may  occur  In  cases  of  well-marked  anencephalia  or  in 
cases  in  which  the  brain  is  well  developed.  The  protruding  sac  formed  of  the  meninges 
niay  or  may  not  be  covered  with  skin.  If  the  contents  of  the  sac  are  simply  fluid,  the 
lesion  is  called  kgdrotiuningoede  ;  if  composed  of  brain  substance.  eneephalottU  ;  if  the 
sac  contain  both  fluid  and  brain  substance,  it  is  called  hydrfnrepkalofele.  The  sacs  may 
be  very  small  or  as  large  as  a  child's  head.  Ttiey  may  protrude  from  the  top  of  the 
skull  in  acrania.  They  most  frequently  protrude  through  openings  in  the  occipital 
bone,  often  hanging  down  In  large  sacs  upon  the  neck ;  also  at  the  root  of  the  nose, 
along  the  line  of  the  sutures,  at  the  base  of  the  skull,  and  elsewhere. 

MiCROCErnAi.iA. — This  Is  an  abnormally  small  size  of  the  brain,  witli  a  correspond- 
ingly small  cranium.  The  diminution  in  size  affects  principally  the  cerebral  hemi- 
spheres, though  the  other  parts  of  the  brain  are  also  small.  Thus  the  cerebellum  may 
be  of  extremely  small  size.  The  cord  may  be  smaller  tlian  normal,  in  which  case  the 
diminution  in  size  is  apt  to  show  a  direct  dependence  upon  the  cerebral  lesions,  the 
direct  and  the  crossed  pyramidal  tracts  being  most  affc-ctcd.  There  may  also  be  present 
imperfect  development  of  the  posterior  columns  and  of  the  direct  cerebellar  tracts.  The 
convolutions  are  few  and  simple,  the  cavities  often  dilated  with  serum;  on  tlie  mem- 
branes there  may  be  traces  of  Inflammation.  The  cranium  is  small,  the  face  large,  the 
rest  of  the  body  small.  The  malformation  is  in  some  cases  caused  by  inflammation  or 
dropsy  of  the  brain  during  fojtal  life.  It  is  endemic  in  some  countries,  but  single  cases 
may  occur  anywliere.  The  fiDtus  Is  viable.  Absence  or  incomplete  development  of 
portions  of  the  brain  may  occur,  not  only  in  Idiots,  but  iu  persoiu  whose  minds  are 
perfect. ' 

Kalformationa  of  the  Spinal  Cord. 

The  malformations  of  the  spinal  cord  may  be  conveniently  classed  as  follows  (Van 
Gieson') : 

I.  CoNGENiT.vi.  DepormitiebAssochted  WITH  Monstrosities,  akb  IncompatibiB 
WITH  ExtbaUteuine  Like. 

'  For  a  general  consideration  of  malformations  of  the  central  nervous  system  con- 
snlt  Thotna.  "Text-Book  of  Pathological  Anatomy,"  vol.  I.,  p.  208  et  scq. 

'  Vni'  Giemi'.  "Artefacts  of  the  Nervous  Svslem."  New  York  Medical  Journal,  vol 
Ivi.,  pp.  337,  365,  431.  1892. 
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These  may  bu  divided  into: 

I.  Amydia,  or  absence  of  the  spinal  cord.  This  is  almost  iuvariabiy  associated 
with  absence  of  the  braiu. 

3.  Atehmyetut,  or  partial  development  ot  the  Bpinal  cord.  This  is  often  seen  in  the 
ancnccphalousoraceplialic  monsters,  where,  correspoudiDg  to  Ihe  incompletely  developed 
brain,  there  may  be  various  degrees  of  defective  development  in  tlie  teugth  of  the  cord. 

8.  DiaalemnUmiydia,  a  condition  iu  which  a  portion  or  the  whole  of  the  cord  is 
split  into  two  lateral  halves.  Each  half  of  the  cord,  being  enveloped  in  its  own  mem- 
branes and  giving  rise  to  Its  own  nerve  roots,  may  fuse  together  to  form  a,  single  cord 
at  some  region. 

4.  Biptomydia,  or  a  fumruktiou  of  two  spiual  cords — a  duplication  of  the  spinal  cord. 
This  liappens  in  the  various  kinds  of  double  monstei-B. 

II.  Minor  Congenital  Malformations  not  Inconsibteht  with  the  Hainte- 
MANCE  OF  Like. 

1,  Bydrtyrrluuhit  intemu  is  a  defective  closure  or  arrangement  of  the  divisions  of  the 
primary  foetal  central  canal  often  resulting  in  the  dilatation  of  the  central  canal  by  fluid 
(Syiromytlia)  (Fig.  514).  This  dilatation  may  be  moderate,  or  so  extreme  that  but 
little  of  the  substance  of  the  cord  ia  left  as  a  thin  shell  around  the  central  cavity.  When 
they  iiave  not  been  destroyed  by  atrophy,  epithelial  cells  may  be  found  lining  the  cavity. 


FlQ.  eil.— DTDROICTBLU. 

Id  the  section  Avm  whkb  tbla  dntwlDft  was  nude,  tbe  epllbellal  cells  Burroundltis  Uie  dilated  a 


This  condition  may  be  accidentally  found  after  death.  Its  presence  may  also  be 
indicated  by  iis  association  with  spina  bifida.' 

2.  Ufterotopia,  or  misplacement  of  the  substances  of  the  cord. 
{a)  There  may  be  misplaced  portions  of  the  gray  matter. 

(p)  Portions  of  the  white  matter  may  be  arranged  iu  an  unusual  manner. 

3.  AnomiUie*  of  the  Spinal  Neitt  RovU. 

4.  Asijmmelrie*  iif  the  Spinal  Cord. 

111.  Malformations  op  the  Spinal  Cord  AcqriitEii  durino  EsTRA-llTERrNE 
LiPB  OR  Secondarv  to  Defective  Deveixjpment  in  Other  Parts  of  the  Body. 

1.  Distortions  following  other  cord  lesions. 

2.  Asymmetry  ot  the  cord  due  to  arrested  development  after  birth  or  to  secondary 
atrophy  of  portions  of  the  cord  in  association  witli  defective  development  orabsenceof 
some  other  part  of  Ihe  bo<ly. 

'  Under  this  subdivision  the  condition  known  as  JiydrorrliaclUs  ertcraa  may  be  con- 
veniently alluded  to.  which  consists  in  an  abnormal  congenital  accumulation  of  fluid 
between  the  meninges  of  the  cord,  causing  more  or  less  <limiautiOD  in  tbe  volume  of  Uia 
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8.  Asymmetry  of  the  coitl  with  congenital  defects  of  the  extremities  or  mu8cle& 
such  BS  iatra- uterine  or  other  amputBtioDs.  clubfoot,  etc. 

4.  Variations  in  the  volume  of  the  cortl  as  a  whole. 

False  Heterotopia. — Congenital  displacement  of  the  grey  or  white  matter  o(  the 
spina)  cord — MUrotopia — haa  lieen  frequently  described.  Van  Gieson'  has  shown,  how- 
ever, that  in  a  large  pTOportion  of  cases  the  so-called  heterotopia  is  an  artefact  (Pig. 
516)  BDd  has  been  caused  by  bruises  or  careless  handling  of  the  cord  during  its  removal 
from  the  bo<ly  ur  in  the  process  of  exaniioation  or  hardening. 

Spina  Bifida. ^In  Uie  majority  of  cases  hydrorrhacbis  ia  accompanied  by  a  more  or 
less  coniplcle  lack  of  closure  of  the  spinal  canal  posteriorly,  so  Ihat  the  colleciious  of 
fluid  witbin  may  ]M>uch  outward  llirougb  the 
opening  in  the  form  of  a  sac.  The  sac  may 
be  covered  by  skin,  or  tins  may  be  absent, 
either  from  the  beginning  or  as  a  result  of 
thinning  and  rupture.  Tbe  walls  of  tbc  sac 
may  consist  of  the  <lura  mater  and  the  pla 
mater  or  in  cases  of  hydrorrbaehis  externa, 
of  the  dure  mater  alone;  when  bolli  are  pres- 
ent tbey  are  nsnally  more  or  less  fused  to- 
gether Inside  of  tiie  membranes  of  the  sac 
then  may  Iw  a  sliell  of  distended  nerve  tis< 
sue  of  the  cord;  or  the  spinal  cord  maybe 
split  posteriori}  and  the  aides  crowded  side- 
ways or  Uiere  may  be  a  rudimentary  frag- 
ment of  the  cord  suspended  in  the  sac  or  nt- 
tanbed  to  tbe  ualls;  or  the  cord  may  be  hut 
little  changed  and  remain  Inside  the  spinal         SHowine  snlBclBl  displawmeni  ot  the  atrvc- 

,       _,  -         ,     ..  -      1  .  tures  by  an  eirnTlmentsI  bruise  (false  hMWO- 

canal.     The  openmgs  in  tbe  spinal  canal  may      topiii")  alter  ibe  removal  ot  tbe  con)  from  Itw 
be  due  to  the  complete  or  partial  absence  of      body.    (Van  tilesoo.) 
the  vertebral  arches,  oi'  more  rarely  tbe  sac 

may  protrude  through  openings  between  tbe  completely  formed  arches.  Spina  bifida 
most  frequently  occurs  in  tlie  lumbar  and  sacral  regions,  but  it  may  occur  in  the  dor- 
sal or  cervical  regions,  or  the  canal  may  be  open  over  its  entire  length.  Very  rarely 
it  is  open  on  the  anterior  surface.  Tlie  protniding  sac  may  be  very  small  or  as  large 
as  a  chihl's  head.  Tbe  fluid  in  the  sac  is  usually  clear,  but  may  be  turbid  from  flocculi 
of  degenerated  nerve  tissue. 

nrJTTBIES   OF  THE  BRAIK. 

The  brain  may  be  directly  woiiuded  by  a  foreign  body,  or  indirectly 
by  frimments  of  bone  driven  into  it,  or  it  may  be  lacerated  by  severe 
contusion  without  fracture  or  solution  of  continuity  of  the  skall.  It 
is  very  difficult  to  estimate  the  degree  of  injury  which  must  cause 
death,  sine*  some  i)erson8  die  from  sliglit,  and  others  recover  from  very 
severe,  wotiude  of  the  brain.  In  incised  wound.s  of  the  brain  more  or 
less  hiemorrhage  occurs  at  the  seat  of  lesion,  and  the  brain  tissue  in  the 
vicinity  soon  undergoes  degenerative  changes.  These  may  be  compara- 
tively slight  or  extensive.  Inflammatory  reaction  may  occur  in  the  vi- 
cinity, and  the  adjacent  brain  tissue,  as  well  as  the  hsemorrhagic  and  de- 
generated area,  may  become  infiltrated  with  pus  cells.  After  a  time  the 
injured  and  degenerated  ai-ea  may  become  surrounded  by  new-formed 
connective  tissue,  and  the  decomposed  extravasated  blood  and  detritus 
'  Van  Giemn.  New  York  Medical  Journal,  vol-  Ivi.,  pp.  337,  865,  421,  18B2. 
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of  brain  tissae,  moi-e  or  less  fatty,  may  be  absorbed.  In  this  way  the 
part  heals,  leaving  a  uiure  or  less  pigmeuted  cicatrix.  The  heallDg  is  iu 
most  ciises  very  slow  and  may  occupy  months  or  even  years.  The  pia 
mater  may  participate  to  a  marked  degi-ee  in  the  inflammatory  healing 
process.     Atfscesses  may  form  near  the  seat  of  injury. 

After  wounds  which  involve  the  removal  of  portions  of  the  ci-anial 
bones,  it  is  not  nucommou  after  a  few  days  to  see  a  bleeding  fungous 
mass  project  through  the  opening.  This  mass,  sometimes  wrongly  called 
hernia  cerebri,  consists  of  degenerated  bniin  tissue,  blood,  and  granula- 
tion tissue,  with  more  or  less  pua.  The  brain  tissue  below  it  is  degener- 
ated, soft,  bi-oken  down,  and  purulent,  and  there  is  often  abscess  in  the 
adjacent  brain  tissue.  Such  wounds  may  finally  heal  by  the  absorption 
of  the  broken-down  brain  tissue  and  blood,  and  its  substitution  by  gran- 
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HTPBRTBOPHT  AND  ATBOPHT  OP  THB  B&AIV. 

True  Hypertrophy  of  tbe  brain  is  rare,  and  probably  always  coDgeiii- 
tal.  Au  increase  in  the  size  of  tbe  brain  from  the  proliferation  of  the 
neuroglia  sometimes  occurs  in  children  either  before  or  after  birth,  less 
frequently  in  youth,  and  very  seldom  in  adults.  The  white  substance  of 
the  hemispheres  is  increased  iQ  amount.  If  it  take  plaee  before  the  ossi- 
fication of  the  cranium,  the  bones  are  separated  at  the  sutures  and  fon- 


FIG.  616.~ATRnPHV  OF  A  CincniIHCIllBED  PORTION  OF  BfUI.V  CONTOLCTIONB  IN  A  CRILD. 

'Fn>iii>  letaoD  o[  (be  convspomllnK  blood-ressels. 

tanels;  if  after  this,  the  inner  table  of  the  skull  may  be  eroded  and 
thinned.  When  the  cnininni  is  opened  the  dunt  mater  appears  tense  and  . 
aiiieniir,  the  convolntioiis  of  the  brain  are  flattened,  the  brain  substance 
is  firm  and  aniemic,  the  ventricles  are  small,  the  ganglia  and  cerebellum 
are  either  of  normal  size  or  compres.sed. 

The  disease  is  usually  very  chronic,  and  destroys  life  with  symptoms 
of  compression  of  the  brain.  There  may,  however,  be  aeute  exacerba- 
tions. 

Atrophy. — This  may  occnr  as  a  senile  change,  or,  in  adults,  in  chronic 
alcohol,  opium,  or  lead  poisoning,  in  chronic  insiiuity,  and  in  chronic 
meningitis  or  from  local  interfei-euoe  with  the  circulation.  In  children 
who  are  much  rednccd  by  chronic  diseases  atrophy  of  the  brain  may  ac- 
company atrophy  of  the  rt'st  of  the  bddj. 
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The  atrophy  affects  principally  the  cerebral  hemispheres,  and  may  be 
Dniform  or  more  marked  iu  some  parte  thaa  in  others,  involviug  the 
whole  of  a  hemisphere  or  of  a  lobe  or  only  single  convolutions  or  groups 
of  these  (Fig.  516).  The  convolutions  are  small,  the  sulci  broad,  the 
ventricles  usually  dilated,  the  braiu  tissue  is  firm,  the  gray  matter  discol- 
ored, the  white  substance  grayish  in  color;  the  blood-vessels  may  be 
dilated.  The  basal  ganglia  may  be  small.  Serum  accumulates  in  the 
pia  mater  and  in  the  ventricles;  the  pia  mater,  and  often  the  skull,  be- 
come thickened;  ttie  brain  tissue  may  be  OBdematous  or  contain  small 
btemorrbages.  The  nerve  elements  of  the  braiu  tissue  are  those  most 
involved  in  the  atrophy,  the  diminished  areas  being  usually  harder  and 
finner  than  normal. 


PIGHENTATION  OF  THE  BKAIN. 
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of  the  poetetior  roots.  Branclica  of  Uiese  arteries  aoastomoae  in  the  pia.  and  from  tills 
pial  network  branches  pass  directly  into  the  substance  of  the  cord.  The  largest,  a 
branch  of  the  anterior  spinal,  passes  into  the  pia  of  the  anterior  fissure,  and  penetrating 
the  cord,  is  distributed  to  the  p^ay  matter  of  the  anterior  horn,  and  to  the  median  graj- 
matter  as  far  back  as  Clarke's  column.  Smaller  arteries  from  the  posterior  spinal  supply 
the  posterior  regions  of  the  cord.  These  arteries,  like  those  in  the  brain,  are  terminal 
fo  the  sense  that,  while  unastomosing  freely  in  the  pia,  after  penetrating  the  substance 
of  the  cord  there  are  no  further  a: 


Hypeb.£mia  akd  Anemia. 

The  appearance  of  the  braiu  tissue  after  death  does  not  always  fur- 
nish i-eliable  iudications  of  its  blood  contents  during  life,  though  it  is 
perhaps  more  to  be  depended  on  than  the  ap- 
pearance of  the  meuiuges. 

Some  of  the  more  common  conditions  detei'- 
mining  hyperwmia  which  are  mentioned  abo\e  as 
influencing  the  meninges  apply  also  to  the  sub- 
stance of  the  brain. 

Active  brpenemia  may  occur  in  various  in- 
fiatnmatory  conditions  of  the  brain.  Hypersemia 
of  the  braiu  is  quite  common  in  deaths  from  in- 
solation and  after  conditions  accompanied  by 
acute  delirium.  Passive  hyper&mia  may  occur 
in  conditions  similar  tu  those  which  determine 
congestions  in  other  organs  of  the  body,  such  as 
chronic  diseases  of  the  heart  or  lungs.  It  may 
be  induced  by  anything  which  prevents  venous 
return,  such  as  intracranial  tumors  which  com- 
press the  siimses,  or  by  thrombosis. 

In  sections  of  hypersemic  brains  the  small 
blood  points  from  the  cut  ends  of  small  vessels 
are  more  numerous  and  conspicuous  than  under 
normal  conditions,  and  the  brain  tissue,  partic- 
ularly the  gray  matter,  may  have  a  dilfuse  red 
color.  If  excessive,  the  convolutions  may  be 
somewhat  flattened,  the  brain  tissue  and  pia 
mater  may  be  cedeniatoits,  and  the  ventricles  contain  fluid.  The  conges- 
tion of  the  vessels  may  be  genera!  or  localized. 

The  most  constant  lesion  of  what  is  known  as  caisson  disease,  a  con- 
dition resultiug  from  exposure  to  sudden  changes  in  atmospheric  press- 
ure, is  a  congestion  of  the  brain,  cord,  and  meninges.  Areas  of  soften- 
ing in  the  braiu  and  cord  are  not  infrequent  and  there  may  be  eflfiision 
into  the  meninges. 

Annmia  of  the  brain  may  be  either  local  or  general.  It  may  depend 
upon  a  general  aufeuiia  or  upon  general  disturbances  of  the  circulation, 
such  as  mitral  stenosis  or  reguigitation ;  or  upon  local  interference  with 
the  arterial  blood  supply,  such  as  complete  or  paitial  obstructiou  of  the 


FlQ.  eiT.— DlAtilUM  OF  Tni 
ClHCLE  OP  WtLLtH  AKD  ASSO- 
CUTID  VESSEIA. 

a,  Ant«r1or  cerebral ;  b.  an- 
lerkir  rvmmunlcsllng :  c.  \tavT- 
Dol  ramtlds:  il.  middle  n-rv- 
bra] ;  e,  piwleriar  rumiDunloai- 
Inff:  /.  poelerior  twebrali  tf. 
baiillar ;  b.  rertebntl. 
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arteries  from  thrombi,  emboli,  inflammatory  changes,  spasmodic  coiitra«< 
tious,  etc.,  or  from  tumors,  exudations,  and  blood  extravasations  press- 
ing upon  the  vessels  from  without.  In  oedema  of  the  meninges,  and  in 
the  presence  of  internal  hydrocephalus,  the  brain  tissue  is  apt  to  be 
aniemic.  The  brain  tissue  in  aniemia  looks  whiter  than  usual,  the  con- 
trast between  the  gray  and  the  white  matter  is  leas  marked,  and  the 
small  blood  points  usually  seen  on  section  from  divided  vessels  may  be 
very  iucouspiouoiis  or  almost  entirely  absent. 


CEdeua. 

(Edema  of  the  brain  tissue  may  a<.-company  either  general  or  local- 
ized hyperemia,  or  it  may  aeconipany  auEemia,  and  it  seems  in  most  cases, 
though  not  always,  to  be  dependent  upon  conditions  which  induce  these 
alterations  in  the  blood  contents  of  the  brain.  It  is,  perhaps,  most  com- 
mon in  conditions  which  determine  a  jjassive  hypenemia.  In  some  cases 
of  marked  impoverishment  of  the  blood  a  so-called  hydrctmic  wdetna  of 
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be  more  or  less  tinged  with  blood.  Microscopically,  the  perivasc'ilar 
spaces  are  disteuded  with  blood,  which  may  have  escaped  iuto  them ; 
this  is  associated  with  more  or  less  broken -dowD  brain  tissue.  The  hieni- 
orrhagcs  may  be  single,  but  are  frequently  multiple,  so  that  the  bmiii 
tissue  is  besprinkled  with  blood  points.  Degeneration  of  the  extra\-a- 
sated  blood  may  give  rise  in  later  stages  to  reddish  or  brown  or  yellowish 
circumscritied  discoloration  of  the  braiu  tissue,  due  to  granules  and  crys- 
tals of  blood  pigmeut  intermingled  with  broken-down  braiu  tissue,  with 
more  or  less  fatty  degeneration  of  its  elements.  Capillary  heemorrhages 
may  be  due  to  fatty  degeneration  of  the  vessels  leading  to  rupture;  or 
the  extravasation  may  be  due  to  diapedesis,  or  it  may  depend  upon  con- 
ditions which  we  do  uot  understand.  They  frequently  occur  in  the 
vicinity  of  apoplectic  clots  and  tumors,  they  may  be  due  to  thromt>osis 
of  the  veius  or  of  the  sinuses  of  the  dura  mater ;  they  not  infrequently 
occur  in  acute  encephalitis,  in  congestive  hypertemia,  in  acute  mania, 
and  in  delirium  tremens ;  and  they  may  be  associated  with  general  dis- 
eases, such  as  scurvy,  purpura  htemorrhagica,  typhus  fever,  pywniia, 
ulcerative  endocarditis,  etc. ;  they  may  be  associated  with  embolic  soft- 
ening. 

Apoplectic  fo<H  may  result  from  the  coalescence  of  numei'ous  capillary 
hsemorrhages ;  from  iiyury,  or  from  rupture  of  diseased  arteries,  either 
with  or  without  changes  in  the  blood  pressure,  Htemorrhages  from  in- 
JU17  to  the  skull  may  occur  as  well  without  as  with  fnwture,  and  may  he 
situated  over  the  vertex  as  well  as  at  the  base  of  the  brain,  and  vary  in 
extent  and  seat,  depending  upon  the  character  and  point  of  the  injury 
and  the  size  of  the  vessels  involved.  The  so-called  spontaneous  bicmor- 
rhages,  other  than  those  of  capillary  origin,  which  give  rise  lo  masses  of 
blood  and  broken-down  braiu  tissue,  may  vary  in  size  from  that  of  a  pea 
to  those  occupying  a  large  part  of  a  hemisphere.  They  are  due,  in  a 
very  considerable  proportion  of  caiws,  to  the  rupture  of  small  arterial 
aneurisms,  but  may  arise  from  weakening  of  the  walls  of  the  arteries, 
from  arteritis,  atheroma,  or  fatty  degeneration.  These  latter  forms  of 
lesions  doubtless  give  rise  in  most  cases  to  the  formation  of  the  aneurisms 
whose  rupture  is  iu  so  many  cases  the  immediate  cause  of  the  htenior- 
rhage. 

Aneurisms  of  the  cerebral  arteries  may  be  as  lai^e  as  a  pea  or 
ha?^lnut,  but  those  most  frequently  met  with  and  causing  apoplexy  are 
usually  small — called  miliary  aneurisms — and  may  be  microscopic  iu 
size,  varying  from  this  up  to  that  of  a  large  pin's  head  or  larger.  They 
may  be  sacculate  or  fusiform,  and  fretiuently  exist  in  considerable  num- 
bers. They  may  occur  in  any  of  the  small  arteries  of  the  brain,  but  are 
said  to  be  mast  frequent  on  the  branches  of  the  middle  cerebral  artery. 
It  is  asserted  that  the  bursting  of  miliary  aneurisms  is  the  nearly  if  uot 
quite  exclusive  cause  of  the  formation  of  spontaneous  apoplectic  clots, 
but  this  we  do  not  believe  to  be  true. 

As  to  the  immediate  cause  of  rupture,  either  of  aneurisms  or  other- 
wise diseased  blood-vessels  in  the  brain,  we  are  in  many  cases  entirely 
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ignorant  In  Bome  cases  Jt  seems  to  be  due  to  an  increased  arterial  ten- 
sion iu  such  diseases  of  tbe  heart  as  induce  this  cbauge,  as  in  the  car- 
diac liypertrophy  which  may  accompany  some  forms  of  chronic  diffuse 
nephritis;  or  it  may  result  from  unusual  exertion  or  mental  excitement. 
The  most  frequent  seat  of  hfemorrhage  is  in  the  corpoi-a  striata  and 
optic  thalami  (Fig.  518),  and  the  brain  tissue  in  their  vicinity,  and  here 
tJiey  occur  most  often  in  the  parts  supplied  by  the  branches  of  the  mid- 
dle cerebral  artery.  The  possibility  of  hiemorrhage  in  the  floor  of  the 
fourth  ventricle  should  be  borne  iu  mind  in  investigating  cases  of  sud- 
den death  from  obscure  causes. 
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Most  common  are  degeuerations  of  the  pyramidal  tracts  from  lisemor- 
rhages  into  the  sensory -motor  region  of  the  cortex,  or  from  haemorrhages 
into  the  internal  capsule  (lenticulo -striate  artery),  Hiemorrhages  in- 
volving the  optic  centres  or  the  optic  fibres  lead  to  degeneration  in  the 
optic  tracts.     Hfemorrhages  into  other  portions  of  the  brain,  by  destroy- 
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iug  i-oniniissiiral  cells  or  interrupting  their  fibres,  lead  to  degeneration  of 
intracranial  fibre  tracts. 

Btemorrha^  in  the  Spinal  Cord  is  much  less  fi'equent  than  in  the  brain, 
bnt  may  occur  either  as  capillary  apoplexy  or  as  larger  apoplectic  clots. 
Capillar}-  haemorrhages,  similar  in  appearance  to  those  of  the  brain,  may 
occur  as  the  result  of  injury,  or  near  areas  of  softening  or  tumors,  or  may 
aeeompany  se\ere  convulsions,  as  in  tetanus.  Apoplectic  clota,  which 
are  eompai"atively  rare  in  the  spinal  coii3,  are  usually  small,  commonly 
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not  more  than  1  cm.  in  diameter,  and  ai'e  similar  in  their  appearance, 
and  in  the  changes  subsequent  to  tbeir  formation,  to  those  in  the  braiu. 
They  are  usually  the  result  of  injury;  but  may  occur  spontaneously. 
These  so-called  "spontaneous  htemorrh^es"  are  luidoubtedly  in  most 
eases  the  result  of  iuflammatiou.  They  may  occur  in  any  acute  disease 
of  the  cord,  and  are  an  especially  frequent  complication  of  acute  myelitis, 
Htemorrhage  into  the  cord,  occurring  in  the  course  of  an  acute  infectious 
disease,  is  probably,  as  a  rule,  due  to  an  nnrec<^nized  myelitis  or  acute 
degeneration.     Hxmoi'rhages  in  the  course  of  a  chronic  myelitis  are  not 
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the  term  lumnatomyelt^re  has  been  applied  by  Van  Gieson.'  To  a  simi 
lar  couditiou  in  which  proliferation  of  the  neurt^lia  is  the  most  marked 
feature,  tlie  name  of  "  false  or  secoudary  syringomyelia  "  has  been  given. 


Thbohbosis  and  Embolism. 

Thrombi  may  form  in  the  arteries  as  a  result  of  any  degenerative  or 
inflammatory  process  in  their  walls  leading  to  a  roughening  or  death  of 
the  intima,  or  from  pressure  from  without,  or  they  may  occur  in  \-essels 


FIO.  BID.— HSMATOMTELOPOR 


iu  whose  walls  we  can  detect  uo  primary  lesion.     The  most  < 
causes  are  atheroma  and  simple  endarteritis.     Thrombi  may  also  fonn 
around  au  embolus  which  does  uot  eutirely  occlude  the  vessel. 

Emboli  of  the  cerebral  arteries  most  commonly  arise  from  acute  or 
chronic  endocarditis  or  cardiac  thrombi ;  they  may  arise  from  aneurisms 
or  atheroma  of  the  aorta,  from  tlie  carotid  or  vertebral  arteries,  or  from 
the  pulmonary  veius.  The  materials  constituting  emboli  vary  greatly, 
depending  on  tlieir  mode  of  origin  (see  page  76).  The  eflTects  on  the 
brain  tissue  of  emboli  and  thrombi  of  the  arteries  are  essentially  the  same 
in  their  main  features,  Iu  some  cases,  however,  In  which  large  emboli, 
usually  from  eudocarditia,  suddenly  block  up  a  large  vessel,  the  iudivid- 
ual  may  die  almost  instuntly  without  other  apparent  lesion  than  the  stop- 
page of  the  vessel. 

'  Tin  Oie»an,  "  Hrematomyelopore— a  New  Spinal-Cord  Diatuse."  New  York  Poly 
clinic.  1897,  vol.  x.,  p.  87. 
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lu  general,  the  first  effect  of  the  occlusion  of  an  artery  is  to  deprive 
the  region  to  which  It  is  distributed  of  blood.  In  arteries  whose  branches 
anastomose,  the  affected  area  is  soon  supplied  with  blood  by  the  estab- 
lishment of  a  collateral  circulation.  In  terminal  arteries,  on  the  other 
baud,  the  blocking  of  the  vessel  is  followed,  as  a  rule,  by  degenerative 
changes  and  softening  in  the  brain  tissue.  The  appearances  which  the.se 
degenerated  areas  present  ^'ary  greatly,  depending  upon  the  stage  of  the 
degeueratiou  and  the  auiouut  of  blood  which  may  be  extiuvasated.     Dense 
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lets  of  myelin,  ner\-e  cells,  shreds  of  neuroglia  tissue  and  blood-vessels, 
aud  red  :ind  \i'hite  blood  cells.  The  evidence  of  degeneration  is  seeu 
in  the  presence  of  fat  gmuules  aud  droplets,  larger  and  smaller  cells 
densely  crowded  with  droplets  of  fat  (so-called  Glume's  corpuscles  or  com- 
pound granular  corpuscles).  Various  kinds  of  cells  aud  cell  fragments, 
-  more  or  less  granular  aud  fatty,  and  also  corpora  amylacea,  blood  pig- 
ment, fat  crystals,  and  cholesteiiu  crystals,  may  be  found  (Fig.  521  j. 
The  walls  of  the  blood-vessels  may  also  be  lu  a  condition  of  fatty  degeu- 
eratiou  (Fig.  522).  The  color  of  the  softened  mass  will  of  course  depend 
upon  the  relative  amounts  of  these  elements. 

The  tissue  may  remain  for  a  long  time  in  the  soft  condition,  or  it 
may  be  absorbed  aud  replaced  by  a  conuective-tissue  cicatrix  which 
may  be  more  or  less  pigmented;  or  a  wall  of  connective  tissue  may 
form  about  it,  converting  it  into  a  well-defined  cyst,  with  or  without 
pigmented  walls;  or  the  mass  may  dry  and  form  a  dense,  structureless 
nodule.  Acute  iutlammatory  changes  may  occur  about  the  dead  tissue. 
In  cases  of  infectious  emboli  numerous  abscesses  may  be  formed  in  addi- 
tion to  their  mechanical  action. 

Thrombi  are  most  frequent  in  the  internal  carotids,  less  so  in  the 
middle  cerebral,  basilar,  aud  vertebrals.  They  may  occur,  bnt  still  less 
frequently,  in  other  cei"ebral  arteries.  Emboli  are  most  common  in  the 
middle  cerebral  artery,  next  in  the  internal  cai'otid,  and  then  in  the  basi- 


Fia.  52i— Blood- v: 
rolls  of  the  vi'saels.  partlc 


lar.  The  relative  frequency  with  which  embolism  occurs  in  the  middle 
cerebral  artery  is  attributable  to  the  directness  with  which  the  blood 
passes  into  this  artery  from  the  heart.  The  great  significance  attaching 
to  embolism  of  the  middle  cerebral  artery  is  evident  when  we  remember 
that  its  branches  within  the  brain  arc  terminal  arteries,  and  are  dis- 
tributed to  such  important  structures  as  the  lenticular  and  caudate  nuclei, 
the  internal  capsule,  and  the  optic  thalamus. 

Thrombosis  and  embolism  also  occur  in  the  vessels  of  the  spinal  cord. 
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by  Nissl.'  Subjected  to  tbia  technique  nerve  eel  la  preaeot  two  very  different  types  ol 
mtctloD.  CeHnin  cells,  such,  for  example,  as  the  cells  of  tbe  granule  layers  of  the  ixru- 
bellum  and  of  tbe  olfactory  lobo,  hIsId  only  as  to  their  Duclei,  tbe  cell  bodies  thenis^^lves 
retnaloing  entirely  unstained.  To  such  cells  Nissl  bas  ^ven  Ibe  name  of  enryofhromrt. 
It  ia  obvious  tbut  the  method  of  Kissl  gives  no  insigbt  into  the  structure  of  these  cells. 
Tbe  majority  of  nerve  tells,  however,  react  both 
as  lo  their  nuclei  and  as  to  Iheir  cell  bodies  to 
tbe  Niasl  slain.  These  cells  Nisal  designates  as 
n/rmilochrome*.  Such  a  cell  presents  tbe  follow- 
ing appearance  (Plate  XIII..  1).  There  laa  nu- 
cleus identical  in  structure  with  nuclei  found  in 
other  cells.  It  is  bounded  by  a  nuclear  mem- 
brane and  traversed  by  a  network  which  takes  a 
comparatively  light  blue  stain.  Witbln  the  nu- 
cleus is  a  nucleolus  staining  an  intense  blue. 
Id  the  cell  body  two  distinct  elements  appear: 
a  clear  ground  substance,  unstained:  and  scat- 
tered tbrougb  it  deep  blue  staining  masses, 
known  as  chrumiti'ltilie  bodies.  These  cbromo- 
pbilic  bodies  are  granular,  and  differ  in  size, 
shape,  and  arrangement.  These  difTcrences 
have  served  as  a  basis  (.f  classiflcation.  Pre- 
si'ntiiig  variations  in  different  types  of  (-ells, 
their  appearance  in  a  given  type  remains  con- 
stant Most  mvesllgalors.  whde  differing  in 
d' talis  aen-i  in  a.scribing  to  the  unslainable 
substance  a  ddlnite  structure.  This  structure 
is  iisuall}  described  as  composed  of  a  fibrillar  or 
reticular  network  lying  in  a  more  or  less  homo- 
g<  ni  ous  ground  suhslance.  With  the  use  of  the 
ordinary  tccbni<)tie  of  Nissl,  all  of  tbe  cell  Iwdy, 
excepting  tlie  cliromopliilic  bodies,  remains  un- 
stained and  apparently  structureless.  Our  idecs 
as  to  tbe  physiology  of  these  different  elements 
of  tbe  nerve  cell  rest  largely  upon  a  tbeorelicul 
basis.  It  has  been  shown  that  the  nerve  cell 
rejirt'sents  the  genetic  centre  of  tbe  neurone. 
Fnnti  the  lieliavinr  of  the  processes,  when  cut 
off  from  the  nerve  cell,  it  is  evident  that  the  cell 
body  represents  the  nutritive  or  tro|)liic  centre 
of  the  neurone.  It  seems  probable  that  f nun  tbe 
standpoint  of  neurone  activity,  the  cell  body  re- 
presents the  functioual  centre  of  the  neurone, 
wblle  the  pnicessi's  act  as  organs  of  reception  or 
of  distribution.  Certain  facts,  such  as  tbe  entire 
absence  of  tbe  chromatic  stibslance  in  many  ' 
nerve  cells,  in  the  a.voues  of  all  nerve  cells,  and 
its  diminution  during  functional  activity  aud  in 
fatigue,  together  witb  its  beliavior  under  certain 
pathological  conditions,  lend  weight  lo  the  view  that  the  stalnable  substance  of  Nissl 
rejiresents  a  food  element  of  the  cell.  Tbe  achromatic  element,  on  the  other  hand,  is 
continuous  with  tlie  Qbrillte  of  tbe  axone,  and  is  considered  by  most  investigators  as  repre- 
senting tbe  essential  nervous  mechanism  of  tlie  cell.  The  relation  of  the  Nissl  pietui* 
to  tbe  conditions  existing  in  the  protoplasm  of  tbe  living  cell  still  remains  an  unsolved 
problem.  The  importance  of  tbe  Nissl  method  from  the  standpoint  of  pathology  lica 
in  the  fact  that  when  subjected  to  a  given  technique,  a  given  type  of  nerve  cell  presenta 
'  See  Nissl'B  method  of  staining,  p.  838. 
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alwuys  (he  same  appearance,  and  tliat  tlila  appearaoce  furaisbea  a  nonn  for  compariaoa 
witli  celb  ibowing  pathological  changes  and 
which  have  been  subjected  to  the  same  technique. 

Pigment. — In  addition  to  the  elements  already 
described,  more  or  teas  pigment  in  the  shape  of 
fine  brow  Dish-yellow  granules  is  often  present  In 
nerve  cells.  It  is  not  found  in  cells  of  the  new- 
born. It  increaaes  witb  age,  and  In  old  age  often 
fills  up  a  large  part  of  the  cell  body.  Its  siguifl- 
cancc  is  not  known. 

Tlie  protoplaimie  proatH*  or  dendrite*  are — at 
least  the  larger  trunka—of  the  same  structure  as 
the  cell  body  (Plate  Xni.,  1).  That  these  larger 
trunks  have  functions  similar  to  those  of  the  cell 
body  seems  probable  from  the  fact  that  the  axone 
not  infrequently  lakes  origin  from  a  large  dendri- 

FJO.  K4.-NKrRor<«  (N«v«  Csll  or  ""^  '™,''''  jff*^  "^  '1'^'^'^"^  f"""  ">«  ^^^  "' 
Ganulion-cell  PHOcwsts).  Fttox  THF  ">"  <*"■  ""*  cliromatic  substance  is  present  in 
OBisn.iB  Layer  or  the  Cebibellar  the  dendrites,  as  elongated  rods  with  triangular 
Cortex  or  ■  Giinea-Fio.  masses  at  tlie  points  of  bifurcation.     The  achro- 

Tbe  siMirt  axoue  paasn  olT  to  (be  len  and      inatic  elements  are  apparently  of  the  same  charac- 

termlnaUa  near  lla  ixU  ol  oHkIb.  ter  as  In  the  body  of  the  cell.     The  protoplasmic 

processes  divide  dichotomously.  becoming  rapidly 
smaller,  and  end  at  a  comparatively  short  distance  from  the  celt  body.'  Stained  by  the 
method  of  Oolgi.  the  dendrites  are  seen  to  be  covered  with  minute  projections  or 
"gemmules."  often  ending  In  a  small  bulb.  These  processes  are  cellulipetal  in  charac- 
ter, carrying  impulses  always  toward  the  cell. 

The  axig-eylinder  proeeM  or  atone — so-called  from  Its  often  becoming  the  axis  cylin- 
der of  a  nerve  fibre — Is  usually  single.  It  generally  arises  directly  from  the  tiody  of  tiie 
cell,  but  may  arise,  as  already  mentioned,  front  one  of  the  larger  protoplasmic  trunks. 
It  is  dilTerentiated  from  the  dendrites  in  Nissl  preparations  by  always  taking  origin 
from  an  area  in  the  cell  body  free  from  chromatic  substance,  and  by  lielng  itself  entirely 
achromatic  (Plate  XIIl..  I);  in  Golgi  specimens,  it  is  recognized  by  its  straight  course, 
uniform  diameter,  and  smooth  outline  (Fig.  628).  It  sends  oif  few  branches,  and  these 
at  right  angles  (collaterals).  This  axone  may  extend  a  great  distance  from  the  cell 
body;  for  example,  the  a.\oaes  of  certain  motor  cells  of  the  spinal  cord  extend  to  the 
muscles  of  the  hands  or  feet.  Both  the  axonc  proper  and  its  colhiterals  end  In  terminal 
arborizations.  Their  conductivity  is  cellulifugal — that  is,  Ihey  always  carry  impulses 
from  the  cell.  In  certain  cells  the  axis-cylinder  proceases  branch  rapi<lly  and  end  in 
the  gray  matter  In  the  vicinity  of  their  cells  of  origin  (Pig.  534).  An  axone  may  pass 
from  its  cell  of  origin  to  its  termination  uncovere<l  by  any  slieath,  Sucli  axones  are 
found  in  certain  portions  of  the  gray  matter.  An  axone  may  be  enveli>])cd  only  by  a 
thin  membrane,  the  sheath  of  Schwann,  as,  e.g.,  the  fibres  of  Remak  found  mainly  in 
the  sympathetic  syst«m.  An  axone  may  be  surrounded  by  a  myelin  slieath  alone,  as 
in  the  wUitc  matter  of  the  brain  and  cord,  or  by  both  a  myelin  sheath  and  a  sbealh  of 
Schwann,  as  in  the  fibres  of  the  pertphenil  nerves,  with  the  exception  of  tbe  olfactory 
nnd  optic. 

According  to  the  strict  neurone  conception  of  nervous-syst«m  structure,  each  neu- 
rone is  considered  a  complete  morphological,  and.  to  a  lesser  degree,  physiological, 
entity.  It  has  do  anatomical  connection  with  any  other  ueuivne.  Association  l>etween 
neurones  takes  place  by  contact  or  contiguity,  and  never  by  continuity  of  their  proto- 
plasm. The  passage  of  an  impulse  is  always  from  the  terminal  arborizations  of  axones 
<u-  collaterals  to  the  dendrites  or  cell  body  of  the  other  neurone. 

The  validity  of  the  neurone  theory  has  been  recently  called  in  question  by  such 
prominent  neurologists  as  Held,  Apathy,  Bethe,  and  Nissl,'  on  the  ground  tliat  in  many 
cases  axones  pass  directly  into  the  protoplasm  of  another  neurone  and  that  the  neum- 

I  Exception,  peripheral  arm  of  spinal  ganglion  cell. 

*For  a  critical  review  of  the  opinions  of  these  writers,  consult  the  lost  edition  of 
Van  Ge/iachten't  "  Anatomie  du  Systinie  Kerveux," 
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Explanation  of  Plate  XIII.' 

1.  NoitUAL  Ganglion  Cbll.  Ijirge  motor  cell  from  aDterfor  born  of  hmuaa  spinal 
corJ,  showiDg  Uie  nucleus  in  its  oonnal  central  position  with  its  nucleolus,  lu  (lie 
body  of  (be  cell  nrc  seen  the  chromophilic  bodies  of  various  shapes  aud  sizes. 
Three  main  protoplasmic  trunks  or  dendrites  pass  off  from  tlie  upper  portion  of  tlie 
cell.  In  these  the  chrofnophilic  bodies  are  rod-shaped.  The  largest  process 
branches  at  a  short  distance  from  the  cell.  To  the  left  is  seen  the  axone  or  axis- 
cylinder  process  free  from  chronialic  substance,  as  is  also  that  portion  of  the  cell 
from  which  it  lakes  origin  (axone  hill). 

9.  Ganglion  Cell  from  the  Anterior  Born  ov  the  Huuan  Spinal  Cobd  op  a 
Case  of  Ai.coiioi,ic  NctRms.  Showing  ecceDtricity  of  the  nucleus  and  a  large 
central  area  of  the  cell  body  free  from  chromatic  sul>stance  (central  cbromalolysis). 
with  an  arrangement  of  the  remaining  chromophilic  bodies  around  the  periphery. 
(The  similarity  between  the  appearance  of  this  cell  and  the  one  shon-n  in  Fig.  6 
should  be  noted.) 

8.  Gasolion  Cell  from  the  Anterior  Horn  op  the  Spisal  Cord  of  a  Rabbit 

iNOCl'l.ATED    WITH    RaHIC    VIRUS    AND   KiLI.ED   SHORTLY    APTER    THE    ONSET   OP 

Symptoms,  l^thows  an  early  stage  of  cliromatolysis :  tiic  chromophilic  bodies  lieing 
pale,  ragged,  and  vacuolated. 
4  Gasolios  Cell  prom  the  Anteiuor  Horn  op  the  Spinal  Cord  of  a  R,\BBrr 
WHICH  Died  on  the  Ninth  Day  After  Inoculation  with  Rabic  Vims, 
Shows  extreme  chromatolysis,  only  a  few  fine  gniDules  of  chromatic  substance  re- 
umiujng  at  the  periphery.  The  cell  is  swollen,  the  nucleus  has  disappeared,  and 
the  cell  body  and  processes  are  stained  more  deeply  with  the  crj'throsiu  than  is  the 
case  in  normal  cells. 

5.  Normal  Ganolion  Cell  from  a  Hl'man  Spinal  Ganglion  op  the  Pobtehior 

Root.  Showing  central  position  of  the  uudeus  aud  the  concentric  arrangemeui  of 
tlie  chromiiphilic  boilies. 

6.  Ganglion  Cell  from  the  Posterior  Root  Ganoijon  op  a  Rabbit  Three 

Weeks  After  Section  of  the  Sciatic  Nerve.  The  cell  shows  exireme  eccen- 
tricity of  tlie  nucleus  with  central  chromatolysis  and  a  peripheral  arrangement  of 
the  remaining  cliromophilic  bodies — axonal  degeneration.  (There  also  remains  in 
the  central  portion  of  the  cell  some  chromatic  siilislancc  in  the  shape  of  tine  granules 
forming  an  irregular  reticulum.  The  similarity  between  this  picture  and  ibe  one 
shown  in  Fig.  3  is  apparent.) 

7.  Portion  of  a   Posterior  Root  Ganglion  prom   a  Case  op  Tabes  Dorsalis. 

Showing  degenemlion  in  the  ganglion  cells  with  increase  In  the  interstitial  connec- 

8.  Two  Pyramidal  Cells  from  the  Normal  Human  Cerebral  Cortex,    Wlille 

the  pyramidal  cells  in  the  human  corle.x  vary  considerably  in  the  amount  of  chro- 
matic substance  which  the;-  contain,  these  are  of  an  average  type. 

Eclampsia.    These  cells  show  marketl  chromatolysis. 
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Sbrils  are  sometlmea  continuous  tlirougliout  a  series  of  neiirones.  Nissl  in  a  critical 
Ttvicw  upon  tlic  pn-sent  status  of  the  oeurone  tb(.-ory  announces  his  belief  that  tlie 
entire  neurone  concept  has  been  proved  fallacious  and  niiial.  be  abandoned. 

Admitting  that  the  discovery  of  anastomoses  bctwecu  neurones  and  of  the  coutinu- 
tly  of  the  neurofibrils  must  be  accepted  as  invalidating  some  of  our  ideas  as  to  the  se|)- 
aratencss  of  the  neurone  units,  it  can  still  liardly  be  considered  as  overthrowing  the 
entire  neurone  theory.  Enibryologically,  morphologically,  and  pliysioloeically  tlie 
neurone  show's  a  murked  degree  of  individuality,  and  the  fact  that -neurones  soinetimes. 
usually,  or  even  always  anastomose,  no  more  warrants  the  giving  up  of  the  neurone  as 
essentially  a  unit,  than  did  the  discnveiy  of  the  fact  that  the  protoplasm  of  epithelial 
cells  was  continuous  through  intercellular  "bridges"  necessitate  the  giving  up  of  the 
epithelial  cell  as  tlie  Btrui;tural  unit  of  epithelium. 
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portkiQ  of  Hiitlc  nerve  ot  nbHt 
ttarev  v«ek>  kller  dlrbloo  of  Uie 
nervr.  OnDk-Bcldalatn.  TtMtlinra 
ud  miall  black  mmra  reprewnt 
dUlDleKiWed  mjiellii  u>d  fat  dnip- 


beoenebatiok. 

Neurone  Degeneeation. 

Degenerative  cbauges  may  affect  the  entire  neurone  or  any  of  its 
parts.  Such  changes  may  result  from  direct  injury  to  some  part  of  the 
neurone,  to  diminution  or  modification  of  its  nutritive  supply,  to  various 
toxic  conditions,  etc. 

t  Chan^B  in  the  Keuronefrom  InjurytoOne  of  its  Ports.— (a)  Changes 

IN  THE  AXONE  RESULTING  FBOM  SEPARATION  FROM  ITS  CELL  BODY. 
— That  changes,  presumably  of  a  degenera- 
tive character,  occur  in  the  peripheral  end 
of  a  nerve  when  its  connection  with  the  cen- 
tral ner\-ou8  system  is  broken  has  long  been 
known.  This  degeneration  takes  place  as  well 
in  the  central  as  in  the  peripheral  nervous 
system,  and  is  complete,  involving  every  por- 
tion of  the  axoue  distal  to  the  point  of  section. 
The  changes  are  not  progressive  from  the 
point  of  lesion,  but  occur  at  nearly  the  same 
time  in  all  parts  of  the  distal  stiunp.  These 
changes  consist  in  a  breaking  np  of  the 
medullary  sheath  into  segments  (Fig,   527), 

which  in  turn  disintegrate,  forming  variously  shaped  masses  of  myelin, 
among  which  may  be  seen  the  axis  cylinder,  the  whole  being  enclosed  by 
the  neurilemma.  The  method  of  Marchi  (see  page  837),  which  differen- 
tiates between  fat  and  myelin,  shows  that  coincident  with  the  breaking 
up  of  the  myelin  there  is  an  appearance  of  fat  droplets  (Fig.  528).  These 
fat  droplets  increase  in  number  jxirt  passu  with  the  deci'ease  in  myelin, 
but  also  ultimately  disappear.  During  the  progress  of  these  changes  io 
the  medullary  sheath,  the  axis  cylinder  at  first 
segments  and  then  undergoes  dissolution.  The 
neurilemma,  on  the  other  hand,  appears  to 
take  no  part  in  the  degenerative  process.  On 
the  contrarj',  it  and  its  nuclei  remain  intact  to 
take  part  later  in  regenerative  changes,  should 
the.se  occur.  If  there  is  no  reunion  of  the  sev- 
ered ends  of  the  axoue,  the  peripheral  portion 
completely  disappears,  its  place  being  taken 
by  connective  tissue. 

(b)  Changes   in   Dendrites    Resulting 

FROM  THEIR  SEPARATION   FROM  THEIR   CELL 
'"*'""■  Bodies.— If  we  consider,  as  does  Van  Gehuch- 

ten,"  that  the  peripheral  arm  of  the  spinal  ganglion  cell  is  a  protoplasmic 
process,  making  a  physiolc^ical  rather  than  a  morphological  differentia- 
tion, we  find  that  the  same  law  holds  good  for  dendrites  as  for  axoues 
'  Van  Gehucliten,  "  Anatomie  du  Syslfime  Nerveux  de  rHonime,"  p.  318. 
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when  separated  from  their  cell  bodies.  Thus  ia  the  divided  peripheral 
nerve  those  fibres  which  are  the  processes  of  the  spinal  gaugliou  cells 
undergo  the  same  degenerative  changes  as  do  the  fibres  which  are  proc- 
esses of  cells  of  the  anterior  horn.  Most  dendritic  processes  are,  how- 
ever, so  short  and  terminate  in  the  gray  matter  so  near  the  cells  from 
which  they  originate  that  experimental  separation  of  the  process  from 
its  cell  body  is  impracticable.  In  view  of  the  fate  of  the  a^one,  however, 
and  the  relation  of  the  dendrites  to  the  cell  body,  there  can  be  little 
doubt  that  as  complete  d^eneratiou  follows  the  severance  of  a  proto- 
plasmic process  from  its  cell  of  origin  as  follows  in  the  case  of  the  axone. 
(c)  Changes  in  the  Proximal  Stump  and  in  the  Cell  Body 
Resulting  fbom  Lesion  to  the  Axone. — The  fundamental  principle 
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(rf)  Changbh  in  the  Cell  Body  Eesultikg  fbou  LKstoN'»  to  its 
Desdrites. — lu  the  st'.idy  of  the  effect  upou  the  cell  body  of  a  le»iou 
depriviug  it  of  oue  or  all  of  its  dendritic  processes,  we  meet  with  the 
SiiiQe  experimeiitat  obstacles  already  meutioued  in  couuectiou  with  changes 
in  the  deiidiltes.  It  is,  again,  only  in  the  peripheral  arm  of  the  spinal 
ganglion  cell  that  we  have  a  cellulipetal  process  of  any  considerable 
length.  Section  of  this  process  results  in  changes  iu  the  spinal  gan- 
glion cell  quite  similar  in  character  to  the  so-called  "axonal "  degenera- 
tion (Plate  XIII.,  (»).  If  we  consider  that  a  cell's  dendrites  probably 
furnish  its  most  important  avenue  for  the  reception  of  impulses,  it  follows 
that  a  uenrone  may  be  thrown  as  completely  out  of  circuit,  as  it  were, 
by  injury  to  its  dendrites  as  by  injury  to  its  axone.  The  experiments 
of  Warrington'  are  interesting  in  this  connection.  He  attempted  to 
bring  about  the  same  functional  effect  as  would  result  from  section  of  a 
cell's  dendrites,  by  inhibiting  afferent  impulses.  Cutting  the  posterior 
roots,  he  noted  changes  in  the  cells  of  the  anterior  horn.  The  inference 
was  that  these  changes  were  induced  by  an  inhibitiou  of  the  customary 
norma)  stimulation  by  means  of  the  afferent  impulses  reaching  the  cells 
thmugh  their  dendritic  processes, 

n.  Chanel  in  the  Henrone  from  Interference  with  its  Nutrition. — Changes 
apparently  of  a  degenerative  character  have  been  described  in  nenrunes 
as  a  result  of  interference  with  nutrition.  Thus  Brieger  and  Ehrlich' 
found  that  by  tempoi-arily  applying  a  ligature  to  the  abdominal  aorta, 
they  induced  an  acute  necrosis  of  the  cells  of  the  lumbar  cord. 
Later  experiments  of  a  similar  nature  followed  by  the  Marchi  staining 
showed  that  the  degenerative  process  affected  not  only  the  cell  bodies, 
bnt  the  entire  neurone.  Similar  degenerative  changes  have  been  induced 
by  experimentally  produced  multiple  emboli,  cells  in  the  vicinity  of  the 
occluded  vessels  being  in  marked  contrast  to  cells  from  regions  whose 
vessels  remained  patent.  Ewing '  describes  marked  degenerative  changes 
in  nerve  cells  as  a  result  of  ansemia  consecutive  to  pressure  from  cere- 
bral hsemorrhage  and  to  thrombosis  of  the  basilar  artery.  Less  marked 
changes  have  been  observed  in  cases  of  general  malnutrition  and  in  se- 
vere anfemias. 

HL  Effects  of  Toxini  upon  Nenrones, — Changes  of  a  degenerative  char- 
acter occur  in  neurones  as  a  result  of  the  action  of  toxins.  These  toxins 
may  be  introduced  into  the  body  from  without,  for  example,  such  poi- 
sons as  alcohol,  arsenic,  lead,  strychnine,  etc. ;  they  may  be  elaborated 
within  the  body  as  the  result  of  faulty  metabolism,  for  example,  in  nrie- 
mia,  eclampsia,  etc. ,  or  as  a  result  of  the  action  of  bacteria,  as  in  tetanus, 
rabies  (Plate  XIII.,  3,  4,*and  8),  diphtheria,  etc.,  or  of  the  Plasmodium 
jnalariie.     The  effects  of  these  poisons  upon  the  neurone  vary  with  dif- 

'  Wtiriingtim,  W.  B.,  "On  tlie  Structural  Alterations  iu  Nerve  Celts."  Jour,  of 
Pliysiol..  London,  vol.  Txiii.,  1888. 

^Brieger  and  EhHkh.  "Ueber  die  Ausschaltung  des  LendeDmarkgrau."    Zeitacbr. 
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fereat  poisons  and  in  different  types  of  neuroues.  The  effects  of  the 
same  poison  upon  a  given  type  of  neurone  also  vary  according  to  its 
rapidity  of  action,  whether  rapidly  fata)  or  extending  over  a  considerable 
period  of  time.  Again,  given  the  same  poison  and  the  same  time  of 
action,  not  all  neurones  even  of  the  same  type  show  au  equal  suscepti- 
bility. There  seem  to  be  marked  individual  differences  among  neurones 
of  the  same  type  as  regards  their  resisting  powers. 

These  changes  in  the  neurone  from  the  action  of  toxins  may  affect  one 
or  all  of  its  structural  elements,  and  vary  from  the  slightest  appreciable 
loss  of  staining  qualities  of  the  chromophilic  bodies  to  complete  destruc- 
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acting.  Thus  a  toxin  affecting  directly  the  cell  body  may  cause  the 
earliest  aud  most  pi-ououiiced  changes  far  out  in  its  deadritic  or  axoual 
processes,  i.e.,  in  those  parts  of  the  neurone  farthest  removed  from  the 
trophic  centre. 

To  the  action  of  a  specific  poison  certain  neurones  seem  less  resistant 
than  others.  Thus,  to  the  action  of  lead  those  neurones  governing  the 
extensor  muscles  of  the  wrist  seem  especially  susceptible.  The  cells  of 
the  motor  nucleus  of  the  trigeminus  seem  to  be  less  resistant  than  other 
motor  cells  to  the  poison  of  tetanus.  Again,  the  frequency  with  which 
tabes  dorsalis  is  associated  with  a  syphilitic  hi.storj'  seems  to  indicate  a 
special  susceptibility  to  the  syphilitic  poison  on  the  part  of  the  peripheral 
sensory  neurone. 

Comparing  the  cliaages  In  ttie  nerve  cell  in  toxicniiiis  (Plate  XIII..  3  and  4)  niih 
those  Induced  by  lesions  to  its  aiooe — axonal  degenomtion  (Plate  XIH,,  B) — we  nott 
that  while  in  the  latter  the  cljrotuatolyaia  fa  central  in  cliHracter,  beginning  in  the  ri-gjuu 
of  tlie  axone  hill  and  nuc'  'ua,  ia  the  former  the  changes  liegin  at  the  peiipher}-.  the 
portion  of  the  cell  in  most  direct  relation  to  the  surrounding  lynipii.  In  axonal  de- 
generation tile  nucleus  ia  usually  eccentric.  In  losieniia  it  usually  remains  centml.  at 
least  until  the  process  of  degeneration  is  far  advanced.  While  this  distinction  hoUls 
good  in  general  and  while  tlie  phenomena  of  central  chromatotysls  and  eccentricity  of 
tiie  nucleus  regularly  follow  injury  to  the  nxone.  we  are  not  yet  warranted  in  stating 
that  such  changes  never  occur  except  after  some  injury,  or  that  the  presence  of  such 
changes  in  the  cell  can  be  explained  only  on  the  basla  of  injury  to  its  axis-cylinder 
process. 

IV.  Effect!  of  Fat^foe  upon  Kenronea. — Studies  upon  the  effect  of  fit.- 
tigue  upon  the  neurone  have  been  made  in  auimals  after  prolonged  mus 
cular  activity  and  ivfter  electrical  stimulation.  WTiile  the  results  are  not 
in  complete  accord,  there  seems  to  be  little  doubt  that  definite  morpho- 
logical changes  occur  in  the  neurone  as  a  resnit  of  fatigue.  These  changes 
consist  in  a  decrease  in  the  size  of  the  cell  body,  a  decrease  in  the  size  of 
the  nucleus,  often  with  distortion,  and  a  marked  decrease  in  the  amount 
of  chromatic  sut>stance  «-ith  more  or  less  diffuse  staining  of  both  celt 
body  and  nucleus. 

It  aetnis  not  at  all  improbable  that  the  clinical  pictures  presented  by  certain  psy- 
chosos  and  neuroses  arv  the  exprcssiou  of  the  effects  ui>on  the  neurones  of  prolonged 
fiiiigue.  Certain  local  expressions  of  neurone  exhaustion,  as,  for  example,  writer's 
cramp,  may  possibly  also  be  placed  In  the  same  category. 

As  to  the  aignifioance  of  those  changta  in  the  nerve  cell,  which  are  marked  by  dim- 
inution in  the  chromatic  substance  alone,  and  to  which  the  term  "  chromatolysis "  lias 
been  given,  there  is  a  considerable  difference  of  opinion.  Marinesco'  considers  tiiem  of 
the  nature  of  degeneration.  Van  Oeliuchten'  is  Inclined  to  look  upon  tie  phenomenon 
as  conservative  in  character,  a  means  by  which  the  neurone  assumea  a  condition  most 
advantagcoua  for  aelf-defcnce.  It  liaa  been  shown  that  even  an  extreme  degree  of 
chromatolysis  is  not  incompatible  with  function,  Marinesco  insists  that  so  long  as  the 
changes  are  confined  to  the  chromatic  sub-stance  recovery  is  possible,  no  matter  how 
extensive  the  alterations,  while  changes  In  the  achromatic  elements  arc  always  jier- 
manent  in  character.  It  seems  quite  probable  that  a  comparatively  easy  method  of 
investigation  has  led  to  an  overestimation  of  the  significance  of  changes  in  the  chro- 
matic substance  of  the  neurone,  aud  to  a  neglect  of  probably  more  important  but  less 
easily  studied  changes  in  the  achromatic  element. 


>  Mhn'neaeo,  O..  See  Van  Gehuchten's  "Anatomic  du  Systfme  Nerveux," 
•  Vim  Oeh'iehten.  loc.  cU.,  p.  338, 
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Regeneration. 


Regeneration  of  nerve  tissue  in  the  sense  of  an  actual  reproduction 
of  neurones  probably  never  occurs  iu  the  adult  human  nervous  system. ' 
As  has  been  noted,  extreme  chromatolysis  may  be  succeeded  by  complete 
recoverj-.  In  the  ease  of  axoiial  chromatolysis,  the  d^enerative  process 
usuaJly  reaches  its  maximum  in  about  three  weeks.  R^ceneration  of 
chromophilic  bodies  then  l)^ins.  This  reconstructive  process  is  slow, 
the  cells  often  requiring  months  to  return  to  a  normal  condition.     At 
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izatioQ  means  the  groupiDj;  of  cell  bodit-a  of  Deurunea  for  gpeclllc  function.  A  fter  the 
knowc  Jocalizatiiiu!!  an-  <?tiininau.'(l.  ttiere  still  icnmius  unaccounted  for  the  greater  part 
of  tlie  cerebral  cortfx,  and  our  present  belief  is  that  these  neurones  are  neurones  of 
assntiatiou  by  wliicli  the  various  rentres  are  brought  into  pbysiological  relationship. 
Some  un Jerstandin  t;  of  this  neurone  grouping,  and  especially  of  the  arrangement  of 
ttieir  neuraxones  as  flbre  tracts  of  tlie  conl  is  esscntiut  to  an  appreciation  of  those 
degenerations  which  affect  definite  systems  of  neurones. 

PeniPHERAL  Motor  Neurones.— These  neurones  have  tlieir  cell  bodies  in  Ihe  gray 
matter  of  the  anterior  horn  and  in  the  motor  nuclei  of  the  cranial  nerves.  Tbeir  neur 
axones  pass  out  as  the  motor  fibres  of  the  cranial  and  of  the  spinal  nerves.  The  entire 
neurone  lies  upon  the  same  aide  of  the  body ;  tliat  is.  the  periplieral  motor  neurone  is 

The  Upper  oit  CorticoSpisai.  Motor  Neurones  liave  tbeir  cell  bodies  situated 
mainly  in  tlie  cerebral  cortex  near  the  lissure  of  Rolando.  Their  ueuraxones  convcrg 
ing.  pass  through  tlie  inleroal  capsule,  pons,  and  medulla,  sending  off  fibres  lo  the 
motor  nuclei  of  the  cranial  nerves.  In  the  medulla  the  tract  comes  to  tlie  surface  as  the 
aiiteri'ir  jiffrdinidt.  At  the  junction  of  medulla  and  cord  occurs  the  pyramidal  decussa- 
tion in  which  most  of  the  fibres  of  the  tract  cross  to  the  opposito  lateral  region  of  the 
cord,  to  be  known  as  Ilie  eiimgeil  pyniiiiidal  traet,  while  &  minority  remain  on  the  same 
Bide,  to  pass  down  the  cord  as  the  dirttt  pyramidal  tntct.  As  the  Intcts  descend,  fibres 
continuously  leave  tbcni  to  terminate,  those  of  the  crossed  tract  in  the  gray  matter  of 
tlie  same  side,  those  of  tiic  direct  tract,  after  passing  through  the  anterior  comndssure, 
in  the  gray  mailer  of  the  opposite  8i<le.  Tlie  cortico-spinal  motor  tract  is  a  crossed 
tract.'  Tiiese  tracts  present  variations  in  size  and  leugtli.  Tliey  are  often  asymmetrical. 
The  crossed  tract  extends  to  the  lower  sacral  cord.  Thedirect  tract  usually  ends  aljout 
the  mid -dorsal  region,  though  it  has  been  followed  as  low  as  the  second  lumbar  segment. 

The  Sensory  (Affkremt)  Tract,  like  the  motor,  consists  of  two  segments,  an 
upper  and  a  lower. 

The  loirer  or  peHpheral  seniors  "fvone  tract  has  its  cell  bodies  in  the  ganglia  of  the 
spinal  and  of  the  cranial  nerves.  Their  peripheral  arms,  which  Van  Qehucliten  eon- 
Bidere  protoplasmic  processes,  are  axis  cylinders  of  cranial  or  of  spinal  nerves.  Their 
central  processes  or  axoues  pass  into  the  cord  as  the  Hbres  of  the  posterior  roots  and 
enter  the  posterior  colunms.  Here  they  divide  into  asc-ending  and  descending  arms. 
The  descending  arm  is  sliort,  and  with  Its  collateral  branches  soon  terminates  in  the 
gray  matter  of  tlic  same  side  of  the  cord.  The  ascending  arm  may  also  be  short,  and 
with  its  collaterals  terminate  as  does  Ihe  descending.  It  may  pass  a  comuderable  dis- 
tance up  tlic  cord  and  then  end  In  the  gray  matter.  It  may,  as  one  of  the  long  Hiires 
of  the  posterior  columns,  continue  upward  to  the  medulla,  where  it  terminates  in  one  of 
che  posterior  column  nuclei.  These  long  fibres  pass  inward  as  they  pass  upward,  ao 
that  the  lower  the  origin  of  the  fibre  Ihe  more  mesial  is  its  position  in  tlie  upper  part  of 
the  cord.  The  entire  neurone  lies  upon  the  same  side  of  the  cord.  The  lower  sensory, 
like  the  lower  motor  neurone,  ia  direct.    , 

Upper  Seiitorff  Scirontii. — The  arrangement  of  these  neurones  is  extremely  complex, 
and  only  those  wiiose  nxones  enter  into  the  formation  of  distinct  tracts  of  the  cord  will 
be  here  mentlonetj.  Of  the  ubove-dcscribed  central  arms  of  the  peripheral  sensory  neu- 
rones, sonic  of  tlie  shorter  enter  tlie  gray  matter  of  Ihe  coM  and  with  their  collaterals 
terminate  around  motor  cells  (reflexes).  Others  terminate  around  cells  wliose  axones 
cnisa  to  the  o]>)iDBitc  side  of  the  cord  and  pass  iipwiird  as  the  antero-lateral  ascending 
tract,  or  tract  of  Gowers.  Other  fibres  terminate  around  cells  of  the  column  of  ('larke, 
the  axones  of  which  pass  upwani  as  Ihe  direct  cerebellai'  tract. 

In  addition  to  these  main  fibre  tracts,  there  arc  in  all  regions  of  the  cord  fibres 
which  arc  coinmis.sural  in  character.  These  fibres  are  the  axones  of  celts  situated  in  tba 
gray  matter  of  the  cord,  and  after  passing  a  short  distance  up  or  down  and  sending  col- 
laterals Into  the  gray  matter,  tliemselves  re-enter  the  gray  matter  and  teiminate  Ihere. 

'  Certain  recent  observalions  tend  to  show  that  there  may  be  a  small  number  of 
"direct "  fibres  In  the  so-called  cros.sed  pyramidal  tract. 
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These  short  fibres  make  up  the  so-called  ground  bundles  or  fuDdameDtal  columos  of  the 
cord.  They  aCtau  their  greatest  development  in  those  regions  of  the  cord  wliere  the 
rellex  centres  are  most  extensive,  i.e.,  in  the  lumbar  and  cervical  eDlargcmenta. 

Secondary  Seg^neratioiu. 

Secondary  degeneratious  are  dependent  upon  the  fact  already  noted 
that  the  cell  body,  being  the  trophic  centre  of  the  neurone,  the  axoue 
when  separated  from  its  cell  body  dies. 

Descending  Degeneration. — Any  cortical  lesion,  such  as  embolla 
softening  and  apoplectic  clots,  which  destroys  the  nerve  cells,  or  any 
lesion  of  the  brain  or  cord  which  interrupts  the  axone  tracts  of  the 
corticospinal  system  of  neurones,  determines  a  complete  d^eueration  of 
the  aifected  axones  (Fig.  529).  The  course  of  these  axoues  has  been 
described.     Thus  a  lesion  of  the  bmin  affecting  motor  neurones  is  fol- 


Fia.  S£9.— Second* HT  DxscEiiDiNa  Disineration. 
From  bffimoTThaffe  Inui  (be  IntOTnal  i«p«ulp,  almost  complete  degeDeratlon  at  the  dlrert 
oti  Ibt^  sMne  Kide  h£  ttie  l«fllon  and  of  tbi?  crowed  prrvmldaL  (jsft  on  Ibe  oppoelte  «ldv,    Tbere  were  a  few 
degpnemtpd  0br«3  lu  the  crosded  tract  on  tbe  ibiiih  Hide  an  the  Ivslon. 

lowed  by  a  degeneration  in  the  motor  tract  of  tbe  same  side  down  to  the 
pyramidal  decussation,  and  below  that  point,  in  the  direct  motor  tract 
on  the  sjime  side  and  in  tbe  crossed  tract  on  the  opposite  side,  the  num- 
ber of  degenerated  fibres  being  proportionate  to  the  number  of  cells  de- 
stroyed or  axoues  interrupted.  lu  a  number  of  cases  of  descending  de- 
generation due  to  cerebral  lesions,  degenerated  fibres  were  found  in  the 
crossed  pyramidal  tract  on  tbe  same  side  as  the  lesion.  This  d^enera- 
tion  was  not  present  in  all  cases,  and  in  no  case  was  it  as  marked  as  the 
degeneration  in  the  opposite  lateral  tract.  The  most  probable  explana- 
tion is  that  a  small  number  of  fibi-es  instead  of  decussating  pass  down 
into  the  cord  in  the  lateral  tract  of  the  same  side. 

In  descending  degeneration  due  to  a  lesion  below  the  pyramidal  de- 
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UDSsation  a  somewhat  different  picture  is  presented.  In  a  complete  trans- 
verse lesion  there  is  degeneration  of  both  crossed  and  of  both  direct  pyr- 
amidal tracts.  If  the  lesion  is  nnilateral  the  degenerations  are  upon  the 
same  side  as  the  lesion.  The  areas  of  degeneration  are  also  lai^er  and 
less  sharply  defined  than  in  cerebral  lesions.  Then  in  addition  to  the 
degeneration  of  the  pyramidal  tracts  there  is  a  degeneration  of  a  con- 
siderable number  of  fibres  in  a  crescent-shaped  area  lying  near  the  periph- 
ery of  the  ante ro- lateral  region  and  extending  from  the  crossed  to.  the 


Fin.  530.-  StCONDART  ABCtNDIND  DROENItUTIOH. 


Following  complete  erashliiB  of  Ihf  ™nl  ■bout  two  sepnenbi  belon-  the  level  at  whicb  tbe  swtlon  w«s 
(alien.  I>i«»nt!ra<loii  Is  Blmoat  niinplew  In  Die  •nlumns  of  Goll.  ul  UowerB,  and  In  tb#  dirwi  wrebellar 
Iraria.  A  fpwnuriiml  Dlirra  are  •era  In  Ibe  rolumns  ol  Burdncb.  ThieDareUie  ascendlnir  axnoeg  uCspltul 
eanglinn  rrilii  between  [he  point  of  Injiirr  and  tbe  lere]  o(  Ihe  sertlon.  and  are  seen  lo  orrupy  Ibat  pari  of 
tbe  poalerlor  niEiimna  adjBi^nt  lo  ihe  postirlur  liorns. 

direct  tract.  Degeneration  of  these  fibres  has  been  described  by  Marclii ' 
after  removal  of  the  cerebellum.  He  considers  them  descending  cere- 
bellar fibres.  Tbe  so-called  comma-shaped  degeneration  in  the  posterior 
columns  is  sometimes  present.  Sebultze'  regards  these  fibres  which 
are  situated  about  the  middle  of  the  posterior  columns,  as  descending 
axones  of  si)iual  ganglion  cells.  Tooth '  thinks  that  they  are  more  prob- 
ably descending  branches  of  commissural  neurones.  In  the  fundamental 
columns  tbe  degeneration  extends  but  a  short  distance  below  the  seat  of 
injurj',  and  of  course  aflfects  only  those  axones  which  descend. 

Asc'ESDiso  Degeneration. — Any  lesion  which  destroys  the  spinal 
ganglion  cells  or  which  interrupts  their  axones  determines  a  secondary 
ascending  degeneration  in  the  posterior  columns  (Fig.  530).     Any  lesion 

'JforeAf,  "Origine  e  decoroso  dei  peduneoli  cerebellari."  Rev,  Sper.  de  PYen.  e 
Med.  eleg..  Bd.  xvii..  p.  867. 

'^Riiltie,  "On  Comma- shaped  Degeneration  of  the  Posterior  Columns."  Arch.  f. 
Paych..  1888. 

^Timth,  "GoulslonianLeciuresonSecoudary  Degeneration  of  the  Spinal  Cord,"Ijon- 
don.  1S80. 
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of  the  cord  which  ioterrupts  the  tract  of  Gowers  or  the  direct  cerebellar 
tract  is  followed  by  degeneratiou  of  the  fibres  of  these  tracts  above  the 
lesion  {Fig.  530).  Immediately  above  the  lesiou  there  is  complete  de- 
geiiei-atiou  of  the  tracts.  As  we  pass  upward  uew  undegeiiei-ated  fibres 
from  the  spinal  ganglia  above  the  lesion  enter  the  colmuD  of  Burdach, 
so  that  there  appears  in  the  posterior  columns  a  constantly  increasing 
number  of  normal  fibres.  Also  in  the  column  of  Gowera  undegenerated 
fibres  appear  as  one  passes  upwai'd  from  the  lesiou.  Some  of  Ihese  fibres 
probably  have  their  origin  in  the  gray  matter  of  the  cord,  and  the  num- 
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DEGENBRAnON  OF  THE  CoETICO -SPINAL  MOTOE  NEUEONES. 

Spastic  Paraplegia — Spastic  Spinal  Parait/m.—This  may  be  described  as 
a  primary  lesiou  of  tbe  upper  or  corticospinal  motor  neurones.  It  is 
probable  that  the  lesion  affects  the  entire  neurone.  As  a  distinct  patho- 
logical entity  the  condition  is  extremely  rare.  "Whether  it  originates  in 
a  degeneration  of  the  cell  bodies  of  these  neurones  in  the  cortex  is  not 
known.  Tbe  clinical  picture  of  spastic  paraplegia,  due  to  compression, 
to  a  transverse  myelitis,  or  to  a  multiple  sclerosis,  is  not  uncommon. 
Marie'  considers  spastic  paraplegia  as  a  disease  appearing  in  childhood, 
and  due  to  a  faulty  development  of  the  cortico-spinal  motor  neurones, 
rather  than  to  their  degeneration. 

Degeneration  of  Both  Pebipheral  and  CoRTico-SprNAL  Motor 
Neurones. 
Amyotrophic  Lateral  Sclerosis. — This  is  a  primary  progressive  degener- 
ation involving  both  cortico- spinal  and  spin o- peripheral  motor  neurones. 
The  appearance  of  the  transverse  section  of  the  cord  is  a  combination  of 
that  in  spastic  paraplegia  and  in  progressive  muscular  atrophy.     There 


Latihal  Stlkrosdi. 


was  an  imreflse  In  lire  foiinwHve  llwme  o[  the  horns. 

is  a  degeneration  of  the  (-ells  of  the  anterior  horn  with  atrophy  of  the 
horn  itself,  and  a  degeneration  of  the  fibres  of  the  direct  and  of  the 
crossed  pyramidal  tnu-ts  (Fig.  531).  The  lesion  in  the  horns  is  usually 
most  pronounced  in  the  cervical  region.  The  extent  of  involvement  of 
the  motor  tracts  of  the  cord  is  extremely  variable.  The  degeneration 
which  is  the  initial  lesion  is  accompanied  by  a  replacement  connective- 
tis.sue  hyperplasia,  and  the  picture  presented  on  section  of  the  cord  is 
that  of  a  sclerosis  of  tbe  motor  tracts  and  of  the  anterior  boms.  Quite 
'.Varie,  ""LoctureB  ou  Discuses  uf  tlic  Spinal  CorJ."  LoiiiioD,  N.  S.  Soc,  1895, 
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freqiieutly  the  sclerosis  is  uot  wholly  couhiied  t«  the  motor  tracts,  but 
exteuds  into  the  ueighboriiig  auterior  aud  lateral  traots,  especially  in 
the  cervical  region.  The  degeneration  in  these  tracts  has  been  traced 
through  the  medulla,  pons,  and  cms  to  the  cortex,  \i'hei'e  changes  have 
been  observed  in  the  large  pyi-amidal  cells.  In  the  gray  matter  of  the 
medulla  are  also  found  changes  analogous  to  those  in  the  anterior  horns, 
consisting  in  degeneration  of  the  cells  of  the  motor  cranial-nerve  nuclei 
(hypoglossal,  spinal  accessoiy,  pneumogastric,  glosso-phaiyngeal,  and 
facial).  The  atrophy  of  the  muscles  innervated  by  these  nerves  gives 
the  clinical  picture  of  glosso-labio-larjiigeal  paralysis  or  progressive 
bulbar  paralysis.  The  medullary  lesion  jnay  occur  without  any  corre- 
sponding lesion  of  the  coi-d,  thus  giving  rise  to  a  bulbar  paralysis  with- 
out any  spinal  symptoms.  The  seat  of  the  initial  lesion,  whether  in  the 
cell  bodies,  in  the  cortex,  or  in  their  asones,  is  as  yet  undetermined. 
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a  Wallerian  degeneration.  The  lesion  is  confined  wholly  to  the  seasory 
fibres,  the  motor  fibres  remaining  intact.  It  is  usually  most  prououuced 
in  the  smaller  peripheral  branches  of  the  nerves.  Degeneration  of  the 
optic  nerve— so-called  optic  neuritis — occurs  iu  from  ten  to  twenty  per 
cent  of  cases.  The  same  condition  is  less  frequent,  but  occura  iu  the 
auditory  and  in  the  sensory  fibres  of  the  pneumt^aatric,  glosso-pharyngcal, 
and  trigeminus. 

2.  The  Cell  Bodies. — Marked  degenerative  changes  in  the  cells  of  the 
spinal  and  auali^ous  <;rauial  ganglia  have  been  described.  In  a  number 
of  eases  they  have  been  found  early  in  the  disease.  There  is  a  reduction 
both  in  number  aud  in  size  of  the  ganglion  cells,  vith  a  replacement 
connective- tissue  hyperplasia  Chromatolysis  with  nuclear  eccentricity 
as  demonstrated  by  the  method  of  Nissl  has  also  been  observed.  Similar 
changes  have  been  noted  in  the  uerve  cells  of  the  retina.' 

3.  The  Central  Processes.  — (a)  The  sensory  nerve  roots,  consisting  as 
they  do  of  the  central  processes  of  the  spinal  ganglion  cells,  show  more 
or  less  complete  d^eneratiou.  It  is,  iu  fact,  in  this  part  of  the  neurone 
that  the  earliest  and  most  conspicuons  changes  are  usually  found.  The 
extent  aud  location  of  the  degeneration  vary.  In  the  more  commoa 
type  of  the  disease — lumbar  tat>e8 — the  earliest  lesions  appear  in  the 
posterior  roots  of  the  luml)ar  nerves.  Only  a  few  of  the  roots  are  at  first 
afTccted  and  only  some  of  the  fibres  in  these  roots.  With  the  progress 
of  the  disease  more  fibres  are  involved  and  the  degeneration  extends 
downward  to  the  sacral  roots  aud  upward  to  those  of  the  dorsal  and  cer- 
vical nerves.  In  specimens  staiued  by  Weigert's  method  (see  page 
838)  the  contrast  between  the  darkly  stained  anterior  root  fibres  and  the 
almost  unstained  posterior  root  fibres  is  often  marked. 

(ft)  The  spinal  cord.  On  removing  the  cord  in  a  case  of  advanced 
tabes,  certain  changes  are  usually  apparent  to  the  naked  eye.  The  pia 
mater  between  the  two  posterior  horns  is  Apt  to  be  thickened,  of  a  dull 
appearauce,  and  adherent  to  the  cord.  This,  in  contrast  to  the  normal 
condition  of  the  rest  of  the  pia,  gives  the  efi'ect  of  a  narrow  band  ex- 
tending the  length  of  the  cord.  The  posterior  columns  may  be  depressed, 
of  a  grayish  color,  aud  firmer  than  the  rest  of  the  cord.  On  section  the 
coutrast  t>etweeu  the  posterior  columns  and  the  rest  of  the  white  matter 
of  the  cord  is  often  verj'  distinct.  In  cords  removed  from  cases  dying 
during  the  earlier  stages  of  the  disease  there  are  often  no  macroscopic 
lesions. 

The  microscopic  appearances  vary,  depending  on  the  stage,  extent, 
aud  location  of  the  lesion  (Fig.  5.32). 

Ill  a  case  which  comes  to  autopsy  early  in  the  disease  the  appearance 
of  the  lesion  differs  from  that  in  a  case  of  advanced  tabes.  As  already 
noted,  the  most  marked  changes  are  in  the  posterior  columns.  In  the 
more  common  type  of  the  disease  iu  which  the  degeneration  begins  in 

'  Id  Plate  XIIT. ,  7,  is  seen  a  portion  of  a  spinal  ganglion  from  a  case  of  advanced 
tabes.  In  aildiiion  to  a  ilpgtneratlon  of  the  cells  present,  there  was  a  marked  reduction 
in  tlie  number  of  cells  in  Uic  ganglion. 
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the  lumbar  r^ion,  Bectious  of  the  cord  in  this  region  show  certain  quite 
well-iletined  ai'eas  of  degeneration.  The  zone  of  Lissauer  early  shows 
marked  degenerative  changes.  This  zone  extends  across  the  eutering 
fibres  of  the  posterior  root  which  divide  the  zone  into  two  partfi.  The  de- 
generation of  the  outer  part  has  been  wrongly  described  by  some  writers 


as  a  lateral -column  degeneration.  It  will  be  remembered  that  these 
fibres  are  short  fibres  which  have  entered  the  cord  in  the  nearest  posterior 
root.  Degeneration  usually  appears  early  in  that  part  of  the  column  of 
Burdach  which  borders  the  posterior  horn.  The  column  of  Goll  varies 
as  to  the  extent  of  involvement.  In  many  eases  it  Is  only  slightly  af- 
fected, in  others  the  degeneration  is  marked.  As  the  fibres  of  this  col- 
umn come  mainly  from  the  last  lumbar  and  first  two  sacral  segments,  it 
is  seen  that  its  condition  depends  entirely  upon  the  integrity  of  these 
roots.  The  fibres  of  the  posterior  columns  have  two  sources:  (1)  enter- 
ing fibres  of  the  posterior  roots;  (2)  fibres  from  cells  in  the  gray  matter 
of  the  cord.  The  latter  are  situated  mainly  in  a  narrow  strip  t>ebindthe 
posterior  commissure  and  in  the  median  oval  area  of  Flechsig.  These 
fibres  are  unafTected  in  tabes. 

The  appearances  of  cross  sections  in  the  dorsal  and  cervical  regions 
in  lumbar  tabes  are  dependent  upon  an  ascending  degeneration  of  the 
fibres  affected  t)elow.  The  columns  of  Goll  are  thus  usually  affected, 
while  the  columns  of  Eurdaeh  are  often  only  slightly  involved.  If  at 
any  level  of  the  cord  degenerated  root  fibres  enter  the  cord,  there  results 
a  degeneration  iu  the  zone  of  Lissauer  and  in  the  band  of  fibres  lying 
along  the  posterior  horn  at  that  level. 

Karely  the  tabetic  process  begins  in  the  cervical  region.  In  these 
cases  section  of  the  cervical  cord  shows  not  only  normal  endogenous 
fibres,  but  a  normal  condition  of  the  column  of  Goll  and  of  such  part  of 
the  column  of  Burdach  as  originated  below  the  level  of  the  lesion.  Some- 
times the  dorsal  roots  are  affected  with  the  cervical.     In  cervical  tabes 
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ttie  cord  below  the  affected  I'egioii  is  normal,  while  above  is  tlie  lesion  of 
au  UHcendiug  degeneration.  Tbe  lesion  may  iu  any  case  be  asymmetrioil, 
one  root  of  a  segment  being  affected  while  the  otbei'  remains  normal. 
Marie  describes  a  variety  of  labes  in  which  tbe  lesions  begin  in  the 
ci'anial  nerves. 

In  cases  of  advanced  tabea  (Fig.  5;13)  there  are  often  almost  no  nor- 
mal nerve  fibres  in  the  posterioi-  columns,  the  columns  of  GoU,  of  Bnr- 
dach,  and  of  Lissauer  presenting  little  but  dense  fibrous  tissue.  The 
posterior  fissure  may  be  completely  obliterated.  There  usually  remain, 
however,  even  in  advanced  tabes,  nndegenerated  fibres  bordering  the  pt>s- 


1.  £33.— Tides  dohdal 


terior  commissure  and  the  adjacent  parts  of  the  posterior  bomtt.  The 
median  area  of  Flechsig  also  remains  intact.  As  already  noted,  these 
fibres  are  endod^iious. 

The  "licroscopical  appearance  of  the  degenerated  areas  varies  with  the 
stage  of  .he  jJnici'SH  (Fig.  5.S-1).  The  new  connective  tissue  may  be  at 
first  quite  cellular;  later  the  fibrillar  elements  predominate  and  the 
tissue  t>econies  dense  and  firm.  Of  the  nerve  fibres  some  have  disap- 
peared, others  show  degenei-ation  of  their  medullar)'  sheaths  and  axis 
cylinders.  Some  few  normal  fibres  are  usually  present  even  in  advanced 
sclerosis.  The  blood- \esselH  often  have  thickened  walls.  There  may  be 
coipoi-a  ainylacea  and  fat  globules,  the  latter  either  free  or  collected  iu 
cells. 

The  lesion  of  tal>es  is  not,  however,  confined  to  the  posterior  columns. 
The  fibres  of  these  columns  are  constantly  sending  collaterals  and  lenni- 
nals  into  the  gniy  matter.  Most  of  these  pass  into  the  posterior  horns, 
an  especially  well-marked  group  entering  Clarke's  cell  column.  The 
posterior  horns  ai-e  therefore  usually  smaller  than  normal,  with  a  marked 
reduction  in  the  numl^er  of  fibi-es  entering  them  from  the  posterior  col- 
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aurnn,  while  the  columns  of  Clarke  show  a  diminution  in  the  number  of 
deliciite  fibrils  which  normally  surround  the  ganglion  cells. 

Changes  ha^e  also  been  described  in  the  Bpinal  root  of  the  fifth  cranial 
nerve  and  in  the  fasciculus  solitarius  which  consists  of  afferent  fibres  of 
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site  uuclei  being  normal.  Opiwuheimer  describes  a  similar  case  of  tabes 
witli  laryngeal  crises  in  which  there  were  pronounced  degenerative  changes 
in  the  pneuinogastric  nucleus  and  in  the  ascending  root  of  the  glosso- 
pharyngeal. Changes  liave  been  described  in  the  cells  of  the  cercbnU 
cortex.  They  are  similar  to  those  found  in  dementia  paralj'tica,  but 
less  marked. 

Although  various  Lypotlieses  have  Iwcn  advanctil  iu  explanation  of  1 1 lo  tabetic 
lesiou,  and  especially  in  rtferenci;  to 'the  fairly  constaul  Helectiun  of  certain  gnmps  of 
oeurones,  doubt  still  exists  as  to  the  oiigiu  aDd  essential  nature  of  the  process.  Earlier 
writers  looked  upon  the  lesion  as  a.  primary  sclerosis  of  the  posterior  eolumus.  probalily 
of  vascular  origin.  Plechsig'  ami  Trepinski'  describe  the  posteriorroUimnaasniade  up 
of  several  distinct  systems  of  Qbivs,  each  system  disttoguishable  from  the  otlient  by  its 
period  of  ripening  or  myellukatiun.  Tliuy  as^Tt  that  the  tabetic  process  affects  these 
different  systems  successively.  As  the  systems  overiap  one  another,  this  would  explain 
the  atimixture  at  certain  stages  of  tiibes  of  normal  and  abnormal  fibres.  I'regt'nt 
knowle<lge  favors  the  view  that  tabes  is  a  primary  ilegeiicralion  of  the  peripheral  st^ti- 
Hory  system  of  neurones,  the  degeneration  alTei^tiug  the  entire  uctirime.  and  thai  tbe 
picture  presented  by  tltu  tabes  <-iird  varies  with  tliu  particular  neurones  affected.  Tbe 
cell  iKxlies  of  these  neurones  are  in  tlie  spiual  ganglia  and  their  cranial  analoguoH. 
Thorough  examinations  of  spinal  ganglion  cells  liave  as  yet  been  made  tn  to<i  few  cases 
to  warraut  any  general  conciusious.  Degeneration  of  spinal  ganglion  cells  in  tabes  iiiis 
been  reported  eveu  in  cases  dying  early  in  the  ilisease.  Such  degenerations  are  Ix-iit 
shown  by  the  ntetliod  of  Nissl,  the  genend  application  of  which  is  coniparativelj- 
recent.  Certain  it  is  that  a  dt-geiieratiou  which  alTcels  bot)i  periplicrul  and  central  Jiroc- 
c!ist«  of  tile  neurone,  ami  yet  is  most  pronounced  in  those  parts  of  the  neurone  farthest 
removed  from  its  nutritive  centre,  is  most  easily  explained  on  tbe  basis  o(  some  agent 
aiTecting  the  general  metabolism  of  the  neurone.  A  majority  of  the  cases  of  tabes  givA 
a  syphilitie  history.  Our  knowledge  of  the  effects  of  toxins  upon  neurones  is  certainly 
not  opposiMl  to  the  considi^ralion  of  such  a  toxin  as  the  etiological  factor  in  tabes. 

Combined  System  De(jenekatio.\ — At.^xic  P.vrapleqia. — This  is 
a  disea.se  of  uncertain  etiology,  in  which  there  are  degenerative  changes 
in  both  motor  and  sensory  neurone  systems  (Fig.  .')35).  The  tracts  usu- 
ally involved  are  those  of  Burdacli  and  of  Goll,  the  direct  cereMlar 
tnicts,  and  the  crossed  pynuuidal  tnu-ts.  Less  commonly  the  d^euera- 
tion  exteiuLs  to  the  tracts  of  Gowei's  and  to  the  direct  pyramidal  tracts. 
It  seems  probable  that  the  lesiou  in  the  cord  is  not  always  tbe  expression 
of  the  same  pathological  process,  and  that  in  many  cases  it  is  not  the 
result  of  a  tnie  systemic  degeneration.  In  perbai^s  the  minority  of  cases 
tbe  lesion  corresponds  to  the  tract  systems  of  the  cord  and  probably 
represents  a  combined  sensory-motor  degeneration.  Such  are  those  rare 
cases  in  which  the  degcnenition  affects  all  of  the  at>o\e- mentioned  tracts. 

According  to  Dejerine,  tlie  appcamnce  of  a  combined  system  disease  may  be 
induced  by  the  chronic  nicntngitis,  which  exists  over  tJie  posterior  columns  in  labea. 
extending  forward  over  tbe  direct  cerebellar  Itaet,  the  productive  inQammation  finally 
spreading  lo  this  tract  and  to  the  crossed  pyrarai<la1.  In  these  cases  that  part  of  the 
latter  tract  which  lies  deepest,  i.e.,  close  to  the  gray  matter,  usually  remains  unlu- 

I  Flecking.  "Die  Leitungaluilinen  im  Gehirn  uud  Htlckenmark,"  U'ipsic,  1878."  "Ist 
die  Tabes  Dorsalis  eine  SystemErkrankungT"     Neur.  Cent..  Bd.  ix. 

'  TrcpiiiJiki,  "  Die  cmhryonaleo  Fasersyateme  iu  den  Hinterstrflngen  und  ihre  Degen- 
eration bei  der  Tabes  Dorsalis."    Arch.  f.  Psych,  und  Nerv.,  Bd.  xxx,,  1897. 
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volved.    Marie  lays  parttculur  stress  upoa  ttic  arterial  systems  of  the  cord  as  the  prime 

factor  [q  many  cases,  calling  attention  to  the  fact  that  the  lesion,  as  it  is  moat  c()niraonly 
found,  coincides  almost  exactly  with  tiiu  distribution  of  the  posterior  spinal  arteries. 
By  others  the  lesion  is  ascribed  to  a  multiple  sclerosiB,  the  restriction  of  the  degeneration 
to  dcflnito  tracts  being  only  apparent.  It  is  possible  that  in  some  cases  tlie  patiio- 
logical  picture  of  a  combined  sclerosis  may  be  due  to  secondary  degeneration  following 
myelitis. 

A  subacuW  typo  of  combined  system  degeneration  has  been  described  by  Russell. ' 
The  degeneration  involved  the  same  tracts  affected  in  the  more  chronic  type,  and  waa 
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Marie  notes  In  addition,  atrophy  and  diaappenraiicc  of  the  cells  of  Clarke's  column. 
Blocq  and  Marinesco'  describe  degentration  of  tlie  posterior  root  fibres  similar  to  tbat 
found  Id  tabes.  Priedreidi'  and  RQtlmeyer*  find  atrophy  of  the  anKrior  born  ec'lls. 
The  determining  cause  of  the  disease  and  the  nature  of  the  morbid  process  are  as  yet 
undelcrmincd.  It  seems  probable  that  the  condition  of  the  cord  may  be  more  properly 
considered  an  abnormality  of  development  nitber  than  a  degeneration. 


Gebbbellae  Ataxia. 

Atrophy  of  the  cerebellum  was  noted  as  soinetimea  occurriug  in  Fried- 
reich's ataxia.  In  that  disease,  however,  the  cord  lesion  was  most 
marked.  In  cerebellar  ataxia  the  lesion  of  the  cord  is  slight  or  absent, 
the  chief  lesion  being  an  atrophy  of  the  cei-ebellum.  This  atrophy  is 
accompauied  by  little  or  no  sclerosis,  the  oi^u  being  simply  smaller 
than  uormal. 

nfFLAKMATION. 

Inflammation  of  the  Ekain.     {Encephalitis.') 

Acute  Encephalitis. — Inflammatory  processes  in  the  nervous  system, 
whether  of  an  exTKiative  or  of  a  productive  type,  are  frequently  consecu- 
tive to  or  coincident  with  the  more  severe  forms  of  degeneration  or  other 
lesions,  thus  makiug  differentiation  of  the  processes  often  extremely  dif- 
ficult. It  has  been  already  mentioned  that  the  brain  tissue  about  hemor- 
rhages and  areas  of  embolic  and  thrombotic  softening  may  undergo  In- 
flammatory changes  leading  to  the  formation  of  new  connective  tissae. 
There  is  a  class  of  cases  in  which  localized  areas  of  the  brain  undergo 
softening,  with  moi-e  or  less  extravasation  of  red  and  white  blood  cells 
and  hyperaimia,  bo  that  the  softened  material  consists,  as  seen  under  the 
microscope,  of  detritus  of  brain  tissue  in  a  condition  of  fatty  d^euera- 
tion,  often  with  more  or  less  pus  cells  and  pigment.  When  such  areas  are 
red  in  color  from  intermingled  blood  cells  or  pigment,  the  condition  is 
called  red  inflammatory  softening.  When  fatty  degeneration  prevails,  and 
the  red  blood  cells  or  their  derivatives  are  uot  abundant,  the  softened 
area  looks  yellow  or  yellowish -white,  and  this  is  often  called  ycffotc  wi- 
fiammatory  nofiening.  Tlie  origin  of  these  processes  is  very  obscuie  and 
their  inflammatory  natui-e  not  well  defined, 

Abscess  of  the  Brain.— Small  mtUtiple  abscesses  of  the  brain  may 
occur  in  pyremia.  Lai'ge  abscesses  of  the  brain  are  usually  single ;  they 
may  attain  a  large  size.  Tliey  are  most  frequent  in  the  cerebral  and 
cerebellar  hemispheres,  rare  in  the  basal  ganglia,  the  pons,  and  the 
medulla  oblongata. 

Tliei'O  may  be  an  irregular  cavity  containing  thin  pns  and  softened 

'  Blortj,  P.  and  Mariiuteo,  G.,  "Surl'Anatomie  Pathologiquede  la  Maladie  de Fried- 
reich." Compte  rend.  Soc,  de  Biol.,  1890. 

'Friedreich,  N.,  Virctow's  Arcliiv.  Bd.  86,  1881. 
'Rutimeyer.  L.,  VirchoWs  Ai^chiv,  Bd.  110, 1887. 
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brain  tissue.  Tlie  walls  of  tbe  cavity  are  ragged  and  infiltrated  with 
pus,  and  outside  of  the  walls  is  a  zone  of  cedematous  aud  softened  brain 
tissue.  If  the  abscess  be  near  the  pia  mater,  meningitis  may  follow;  if 
it  be  near  the  lateral  ventricles,  it  may  ruptnre  into  tbem ;  if  it  be  near 
the  sinuses  of  the  dura  mater,  it  may  induce  thrombosis.  An  abscess 
may  in  time  become  enclosed  in  a  capsule  of  conuective  tinsne. 

Abscess  of  the  brain  is  uiotit  frequently  secondary  to  chronic  suppu- 
rative otitis  {42,5  per  cent,  Gowers),  much  less  frequently  to  acute  otitis. 
With  the  otitis  there  may  also  be  caries  of  the  temporal  bone,  suppura- 
tion of  the  mastoid  cells,  aud  iofiamraation  of  the  dura  mater.  The 
abscess  is  usually  situated  deep  in  the  brain,  conmionly  in  the  temporo- 
spheuoidal,  the  frontal,  the  occipital  or  the  parietal  lobes,  or  in  the 
ceivbellum;  rarely  it  is  continuous  with  the  inflamed  dura  mater  and 
bone.  Abscess  may  follow  chronic  lesions  in  the  orbit  or  caries  of  vari- 
ous parts  of  the  cranial  bones. 

Abscess  of  the  brain  frequently  follows  traumatism,  blows,  or  falls 
on  the  head.  Such  injuries  may  not  damage  the  skull,  or  may  produce 
fractures  or  necrosis.  There  is  often  a  considerable  interval  between 
the  time  when  the  injury  is  inflicted  and  the  development  of  the  symp- 
toms. 

When  tbe  cranial  bones  are  uninjured  tbe  abscess  is  usually  deep  in 
the  brain ;  when  thei-e  is  necrosis  of  the  bones  tbe  abscess  may  be  super- 
ficial ;  when  the  bones  are  fractured  the  absc&ss  may  be  either  superficial 
or  deep.     The  abscess  develops  rarely  iu  the  opposite  side  of  the  braiu. 

In  acute  exudative  meningitis  from  various  excitants  there  may  be  an 
infiltration  of  the  brain  with  leucocytes;  this  may  be  especially  marked 
in  the  perivascular  tissue  and  around  the  ganglion  cells. 

An  Acute  DiBseminated  EnoephalitiB, '  hiematogeuous  in  character,  may 
develop  during  tbe  progress  of  ^n  infectious  disease.  It  is  most  com- 
mou  iu  infective  endocarditiM,  iu  pyemia,  aud  in  epidemic  cerebrospinal 
meningitis.  It  may  be  associated  with  acute  auterojjoliomyelitis,  ap- 
parently due  to  the  ssmie  obscure  etiological  factor.  The  lesion  consists 
iu  dis.seminated  foci  of  inflammation,  or  minute  niultiiile  abscesses. 
Some  of  these  are  microscopic  in  size,  others  may  be  seen  with  the  naked 
eye.  The  smallest  shoi-  simply  small -round -cell  infiltration  of  the  walls 
of  one  or  more  small  vessels  aud  of  tbe  surrounding  tissue.  The  larger 
spots,  which  undoubtedly  take  origin  iu  the  same  way,  are  seen  to  be 
softer  than  the  re.st  of  the  tissue,  and  resemble  red  or  yellow  softening, 
iiccording  to  the  amount  of  rod  blood  cell  extraviisation.  Congestion  is 
usually  marked.  Tlicre  may  be  distinct  h>emorrhs^^.  l>egenerative 
changes  with  disintegration  of  the  exudate  usually  set  in  and  determine 
destructive  changes  in  the  neighboring  neurone  aud  neuroglia  elements. 
At  the  perii»herj  of  one  of  these  abscessses  the  neuroglia,  instead  of  being 
in  a  degenerating  condition,  usually  shows  proliferation.     In  tbe  case  of 

'  Under  the  head  of  "Acute  ParencbymatoHa  EncepLalitia  "  lias  bcca  dcscribol  a 
Itsioti  of  tile  gHDglioQ  cells  without  vascular  or  intcrslitml  cliangcs.  These  lesions  are 
the  result  of  toxaemias  of  citliereudogenons  or  exogenous  nature.  They  are  more  prop- 
frly  classed  as  parenchyniutoiia  dt-gcntration. 
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one  of  the  more  minute  inflammatory  foci  complete  resolutiOD  may 
occur  witli  absorption  of  tlie  exudate.  lu  tlie  larger  abscesses  there  may 
t>e  absorption  of  the  exudate  and  of  the  products  of  degeneration,  and 
a  replacement  neuroglia  hyperjtlasia,  ultimately.resulting  in  a  sclei-otie 
patcli. 

Suppurative  eueephslitis  may  occur  as  a  i-esult  of  traumatism  or  from 
extension  of  suppurative  meningitis. 

A  form  of  encephalitis  which  has  been  designated  acute  non-suppu- 
ratlve  hjemorrhagic  encephalitis,  has  been  described  by  Strunipell,  Leich- 
teusteiu,  Oppenheim,  Putnam,'  and  othei'S.  The  lesion  consists  iu  the 
occurrence  of  multiple  hsemorrhafric,  inflammatory  foci,  which  are  iiou- 
snppnrative,  and  which  are  accompanied  by  leucocytic  infiltration.  These 
foci  may  occur  in  any  part  of  the  brain,  but  are  most  numerous  in  the 
white  matter  of  the  brain  and  basal  ganglia.  Some  of  these  hemorrhages 
may  be  quite  large. 


Acute  Inflammation  of  the  Spinal  Cobd.     (Amie  Mi/elitie.') 

Inflammation  iu  the  spinal  cord  is  quite  analogous  to  iuflammatioii 
in  the  brain. 

Acute  Diueminated  Hyelitis*  mus  a  i-apid  course  and  proves  fatal  in  a 
short'  time.  The  inflammation  may  involve  nearly  the  whole  length  of 
the  cord,  but  is  usually  more  intense  iu  some  places  than  in  others.  The 
cord  is  swollen  and  congested,  it  is  infiltrated  with  pus  cells,  the  connec- 
tive tissue  is  swollen,  and  there  is  degeueration  of  the  uer\'e  elemeuts 
proper. 

More  frequently  an  acnte  myelitis  is  more  localized.  It  involves  but 
a  small  portion  of  the  length  of  the  cord,  while  laterally  it  may  com- 
pletely cross  it,  and  is  hence  spoken  of  iis  a  transverse  myelitis.  W*he(i 
the  cord  is  removed  and  laid  upon  the  table,  if  the  lesion  is  marked,  a 
flattening  of  the  coi-d  at  its  seat  may  be  observed ;  or  on  passing  the 
finger  gently  along  the  organ,  the  affected  segment  will  be  found  softer 
than  the  rest  of  the  cord,  8ometime.s  almost  difilueut.  On  making  a  sec- 
tion through  the  affected  portion  the  nerve  tissue  may  appear  white  or 
red  or  yellowish  or  grayish.' 

Microscopial  examination  shows  different  appearances,  depending 
u]>oii  the  stage  of  the  degenerative  or  inflanunatory  process.  There  may 
l>e  much  blood,  or,  if  the  lesion  has  existed  for  some  time,  blood  pig- 
ments; also  fragments  of  more  or  less  degenemted  nerve  fibres  and  gan- 
glion cells  (Fig.  530),  myelin  droplets,  free  fat  granules,  and  lai^ger  and 

'  Pritunm.  .lour,  of  Nerv.  uiid  .M.'nt.  Dis.,  vol-  x\\v..  1897,  bibliograpliv. 

'  Acuh-  iMrencliyinntiiiiH  myelitis,  liki-  its  aualogiic  in  llie  braio,  Is  a,  lesion  of  the 
gttDglioi)  epils,  anil  ia  more  properly  cloKSei)  an  a  degeueration.  Embolic  and  throm- 
botic scifteniuga  are  more  rare  in  tlie  cord  thnii  in  tlie  brain,  and  arc  necessarily  much 
more  restricled  in  extent.  When  of  an  Intlaminatnry  rhnracter  tticy  resenihle  the  simi- 
lar brain  lesion  and  are  red  oi'  yellow  acccinllnp;  to  tlie  amount  of  extravasation. 

"  It  should  be  remembered  tliat  the  niechanii-ul  iniurj-  to  the  cord  in  removal,  such  as 
crushing  or  bruisiu);.  may  reduce  the  injured  porlion  to  a  pulpy  consintenee  acd  thus 
produce  appearances  Komeivliat  similar  to  thitse  of  some  forms  of  inflammatory  soften- 
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smaller  cells  filled  with  fat  grannies  (Gluge's  corpuscles),  pus  cells,  gmu- 
ular  matter,  uean^lla  cells,  aud  sometimes  corpora  amylacea.  The  vari- 
ous combinatious  of  these  elemeuts  give  rise  to  the  different  gross  ap- 
pearanet^s  which   the  diseased  part  pi-esents.     In  earlier  stages  of  the 


3.  G8B.— DEO  CMRiTED  Tissue 


lesion  the  hlood-vesaels  maybe  dilated,  the  nerve  fibres  aud  cells  swolleu; 
or  the  walls  of  tlie  blood -^■e8sels  may  be  thickened  or  fatty,  or  surrounded 
by  a  sheath  of  leucocytes  aud  ca'IIs  derived  from  the  counective- tissue 
cells  of  the  ailveutitia. 

The  lesiou  is  apt  to  commence  in  the  gray  matter  or  at  its  edge,  and 
then  extend  first  laterally  and  afterward  upward  and  downward. 

In  a  certain  number  of  cases  the  degenerated  material  maybe  absorbed 
and  a  cicatrix  or  cyst  formed.  After  the  least  extensive  forms  of  the 
lesion  there  may  be  a  restoration  of  the  fiiuctious  of  the  coitl. 

Secondary  degeneration,  both  ascending  and  descending,  may  occur 
in  this  form  of  myelitis,  varying  in  extent  according  to  the  size  of  the 
primary  lesion.  The  terms  pentral  mycUtiH,  peripheral  myeUtht,  and  «»i- 
Meral  myeUth,  are  sometimes  used  to  designate  localizations  of  the  lesiou. 

Poliomyelitis  Anterior— Hyelitis  of  the  Anterior  Horn. — This  name  is 
applied  to  a  group  of  cases  which  are  characterized  by  clinical  symptoms 
indicating  changes  in  the  anterior  horns.  The  disease  is  most  common 
iu  children,  under  the  uame  of  infantile  spinal  paralysis,  but  occurs  also 
iu  adults.  It  usually  begins  with  symptoms  of  an  acute  infectious  dis- 
ease, the  paralysis  super^'cning  after  a  few  days.  It  varies  in  acufeuess, 
severity,  and  duration.  Iu  many  cases  there  is  complete  i-ecoverj-,  aud 
then  we  must  suppose  that  the  changes  in  the  nervous  tissue  wei-e  not 
destructive  in  character.  In  other  cases  the  symptoms  are  more  perma- 
nent, indicating  a  destructive  lesion. 

At  fii-st  a  considerable  group  of  muscles,  usually  of  the  aims  or  legs, 
is  affected.  liesolutiou  taking  place,  thei'e  may  be  complete  disappear- 
ance of  the  paralysis.  More  commonly  there  is  return  of  function  in 
most  of  the  muscles,  while  some  few  remain  permanently  jai'alyzed  and 
become  atrophied.  The  lesion  is  most  frequent  in  the  lumbar  aud  cer- 
vical enlargements,  but  may  occur  anywhere,  and  is  often  found  in  scat- 
tei-ed  patches.  Earlier  autopsies  were  in  cases  of  long  standing,  aud 
the  changes  found  consisted  iu  degeneration  (Fig.  537),  shrinkage,  pig- 
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meutation,  and  atrophy  of  tlie  gaiiglioD  cells  of  the  anterior  horns,  au 
iiicreiise  in  the  connective  tissue  of  the  cornua  and  of  the  adjaeent  white 
matter,  often  with  destruction  of  considerable  portions  of  the  horns, 
atrophy  of  the  anterior  roots,  and  distortion  of  the  cord. 

lustead  of  this  shrinkage  and  atrophy  of  the  horns  there  is  sometimes 
found,  especially  if  the  case  come  to  autopsy  not  too  long  after  the  onset, 
a  gelatinous  condition  of  the  horns,  the  place  of  the  horns  being  occupied 
by  yonng  neuroglia  tissue  with  many  branching  cells  and  fine  delicate 
fibrils  resembling  glioma  (Fig.  538).  This  gliomatons  tissue  may  break 
down,  forming  a  cavity  surrounded  by  young  neuroglia  tissue.  More  re- 
cently autopsies  made  early  in  the  course  of  the  disease  show  that  the 
changes  described  above  represent  only  later  stages  of  what  originated 


Fca.  S37.— Poliomyelitis 


as  an  aente  inflammatory  process.     Examination  of  the  cords  from  such 
early  cases  shows  congestion,  exudation  of  leucocytes  iuto  the  perivas- 
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cular  and  nerve-cell  spaces,  and  proliferation  of  the  neuroglia.  Degen- 
eration of  the  nerve  cells  occurs,  probably  secon(Jary  to  the  iuflammatory 
lesion.  The  iuflamniation  is  similar  to  that  of  aii  ordinary  acute  mye- 
litis, but  seems   to  be  confined 
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reporls  three  cases  in  wliicli  xymploms  of  Landry'g  paralysis  followed  lymphADgittC 
abscessea  from  excoriation  of  lower  liinbs.  He  coiiaklers  these  cases  uf  "  myelic  locali- 
zation of  a  streptococcus  infection."  llcinlinger  describes  a  case  in  which  the  strepto- 
coccus was  detected  in  the  spinal-cord  substance  by  cultivation  and  by  stained  sections. 
Remlinger  also  states  tiiat  lie  has  induced  syniptonu  of  an  acute  aecendiog  paralysis 
In  rabbits  by  inoculating  tliciu  witli  pus  from  a  septic  abscess. 

Inflammation  of  the  Nebveb.     (Neuritis.') 

In  the  nerves,  aa  in  the  brain  and  cord,  degenerative  changes  commonly  accompany 
inflammation .  and  a  distinction  is  often  difficult.  The  difflculty  in  sharp  difFerentiatlon 
lies  in  the  fact  that  degenerative  changes  in  nerves,  when  intense  or  long  continued, 
often  lead  to  inflammations,  and  that  inflamniiitory  conditions  in  nerves  often  determine 
secondary  degcncnilive  changes  in  the  nerve  fibres. 

Acute  Exudative  Neuritis. — Acute  iuflamination  of  the  uer^es  may  oc- 
cur as  the  result  of  iujury,  or  it  may  be  secoudary  to  au  iuftammatory 
process  in  their  viciuity,  although,  owing  to  the  deuse  lamellar  sheaths 
and  the  special  blood  supply,  the  uerve  trunks  may  escape  participation 
in  even  very  severe  inflammatory  processes  iu  surrounding  tissues.  The 
inflamed  ner^'e  may  be  red  and  swollen  and  infiltrated  with  serum  and 
pus  cells.  The  process  may  undergo  resolution  or  terminate  in  destruc- 
tion of  the  ner^'e,  or  it  may  become  chronic  and  result  in  the  forraatioii 
of  new  connective  tissue.  Degeneration  and  regeneration  of  the  nerve 
fibres,  similar  to  those  described  as  following  division  of  nerve  trunks, 
may  occur  in  acute  neuritis. 

"  Hnltiple  Neuritis  "  (Degeneration). — While  for  convenience  of  refer- 
ence described  under  its  usual  title,  this  lesion  is  probably  alwaj's  a  de- 
generation, and  would  be  properly  classified  under  the  head  of  neurone 
degenerations  of  toxic  origin.     It  is  caused  by  the  action  of  certain  min- 


eral poisons,  for  example,  alcohol  and  lead.  It  occurs  as  a  complication 
of,  or  RUccedaneuni  to,  certain  infectious  diseases,  for  example,  diph- 
theria, sei>ticieuiia,  measles,  smallpox,  etc.  It  is  sometimes  apparently 
idiopathic.  Changes  of  a  degcnenitive  nature  are  found  in  the  peripheral 
nerves,  and  are  more  marked  near  the  periphery  than  near  the  cord. 
Thus  the  most  common  ner\es  affected  are  the  anterior  tibial  and  the 
radial.  The  most  marked  changes  ai-e  iu  the  nerves  themselves,  there 
being  litHe  or  no  change  in  the  connective  tissue.  More  rarely,  espe- 
cially in  very  itcute  cases,  there  are  reddening  and  swelling  with  some  iu- 
fiamniatory  reaction  iu  the  interstitial  tissue.  The  fibre  lesion  shows  best 
in  specimens  treated  with  osinic  acid  and  teasetl  ir.  glycerin  (Fig.  542). 
Here  the  myelin  sheath  is  seen  to  lie  broken  up,  and  instead  of  a  coiitiu- 
noiis  envelope  of  black  stained  myelin,  the  myelin  is  represented  by  larger 
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or  smaller  black  (iropleta  seattered  along  a  broken  or  degeiieratol  axis 
cjiiiiiler.  There  may  be  some  increase  in  the  connective  tissue.  The 
sbeatli  of  Sebwann  is  nsually  intact.  It  is  of  intei'est  to  note  that  in  a 
number  of  cases  (as  yet  too  few  to  warmut  general  conclusions)  changes 
have  been  found  in  the  cells  of  the  anterior  horn  analogous  to  those 
found  after  injury  to  motor  nerves  (page  803).  Tbe  muscles  supplied 
by  the  iiffeeted  nerves  show  various  stages  of  atrophy.  The  cord  and 
meninges  usually  remain  normal.  In  some  cases  a  spinal  meningitis 
and  more  or  less  myelitis  bave  been  described. 

Chronic  Inflammation  of  the  Brain,  Cohd,  and  Neeves, 

^^^liIe  this  term  should  be  applied  only  to  a  primary  increaw  in  the 
neuroglia  elements  at  the  expense  of  the  parenchymatous,  thus  making 
the  degenei-ation  of  the  nervous  tissue  proper  entirely  secoudarj-,  it  la 
verj'  difficult  always  to  eliminate  tbe  possibility  of  preceding  degenera- 
tive changes.  Histologically  the  lesion  consists  in  a  proliferation  of  the 
neuroglia  elements.  The  neuroglia  cells  increase  in  number,  some  of  the 
new-formed  cells  having  many  processes,  others  few.  In  the  early  cellu- 
lar stage  of  its  formation  the  proliferative  area  is  soft  and  gelatinous, 
and  teuds  to  increase  the  size  of  the  part.  With  further  progress  of  the 
sclerosis,  there  is  a  disproportionate  development  of  fibres  attached  to 
the  cells,  and  finally  of  fibi-es  independent  of  cells.  W'itb  the  inci-ease 
of  fibres  the  affected  area  becomes  firmer,  making  a  sort  of  dense  felt- 
work  of  interlacing  fibrils.  In  this  meshwork  are  found  nerve  fibres  in 
various  stages  of  degeneration. 

Chronic  Interstitial  Encephalitis — Sclerosis.— This  lesion  of  the  brain 
tissue  may  occur  diS'usely,  occupyiug  an  entire  lobe  or  more  or  less  of  the 
whole  brain,  or  in  circumscribed  small  areas.  It  consists  essentially  in 
an  increase  of  the  connective-tissue  elements,  tbe  neuroglia,  and  an  atro- 
phy of  the  nerve  elements,  particularly  tbe  ganglion  ct'lls  and  the  medul- 
lary sheaths  of  tbe  nerves.  With  these  changes  are  usually  associated 
the  formation  of  Gluge's  coriuiscles,  coipora  amyliicea,  granular  and 
fatty  degeneration  of  the  nerve  elements,  and  thickening  and  prolifera- 
tion of  cells  of  the  walls  of  the  blood-vessels.  The  areas  of  sclerosis  may 
be  very  dense  and  hard,  or  gelatinous  in  consistence. 

The  diffu.se  form  of  sclerosis  is  most  frequently  seen  in  geiier.il  pare- 
sis of  the  insane,  and  not  infrequently  in  tbe  brains  of  drunkards. 

A  peculiar  feature  of  dis.seminated  sclerosis  is  that  the  patches, 
whether  in  the  brain  or  cord,  do  not  induce  the  expected  secondary 
degeneration.  It  is,  in  fact,  uncommon  to  find  secondary  degeneration 
resulting  fi-om  evena  large  patch  of  sclerosis.  This  is  believed  tol>edue 
to  the  fact  that  in  nearly  all  of  the  patches  the  axis  cylinders  persist  e\  en 
after  complete  destruction  of  the  medullary  sliesitbs. 

Tlic  circumscribed  form  of  sclerosis,  multiple  sclerosis  (nel^rme  en 
plaquf),  is  much  more  cumtnon  thau  tbe  diffuse  form,  and  may  possibly 
oc«ur  in  the  brain  alone,  or  moi-e  commonly  is  sissociatod  with  a  similar 
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lesion  in  the  spinal  coi-d.  The  aveaa  of  sclerosis  vary  in  size  from  that 
of  a  pea  to  that  of  au  almond.  They  may  be  few  or  uumerous,  they  may 
be  white,  grayish,  or  grayish-red  in  color,  aud  are  usually  but  uot  always 
sharply  outlined  against  the  unaltered  brain  tissue.  Although  in  mauy 
cases  the  increase  in  the  connective -tissue  elements  seems  to  be  the  pri- 
mary lesion,  and  tlie  degeneration  of  the  iier\e  elements  secondary  to 
this,  it  is  quite  possible  that  in  some  cases  the  increase  in  connective  tis- 
sue may  be  secondary  to  a  degeneration  of  the  uerve  elements  from  loss 
of  nutrition  or  from  other  causes. 

There  is  reason  for  the  belief  that  multiple  sclerosis  may  sometimes  b« 
the  result  of  disseminated  local  necrotic  lesions  of  acute  infections  dis- 
eases— scarlatina,  for  example,  occurring  at  an  early  period  of  life." 

Xlucephalitis  in  the  New-Bom. 

This  condition,  first  described  by  Vircliow.  is  said  to  consist  in  the  formation  ot 
circomscribed  collections  of  cells  of  varfoiia  eizcfi  containing  many  fat  granulea  (granu- 
lar corpuscles)  and  forming  yellowish  masses,  from  1  mm.  to  6  mm.  in  diameter,  in  the 
brain  tissue.  A  more  diffuse  occurrence  of  granular  corpuscles  is  also  descrilxKl.  but 
tliis  is  sAi<l  by  some  observers  to  be  pliysiologicai.  Tlic  nature  of  tliis  lesion  is  but  little 
understood,  and  Is  still  the  subject  of  controversy. 


Tlie  changes  in  this  disease  are  in  the  main  those  of  chi-onic  diffuse 
encephalitis,  but  the  appearances  vary  greatly  and  depend  to  some  extent 
upon  whether  the  brain  is  examined  in  early  or  late  stages  of  the  disease, 
iecording  to  Meyer,  in  the  early  stages  of  the  disease  the  couvolntions, 
particularly  of  the  anterior  cerebral  lobes,  are  swollen,  the  gray  matter 
is  congested  and  softened  in  places.  The  brain  tissue  is  more  or  less 
infiltrated  with  lencocyte.s.  Fatty  degeneration  of  the  walls  of  the 
capillaries,  and  punctate  htemorrhages,  are  also  common. 

In  later  stages  of  the  disease  a  groit  variety  of  changes  may  be  ob- 
served: hsemorrhagic  pachymeningitis,  thickening  of  the  dura  mater, 
and  close  adhe.sious  to  the  sknll ;  thickening  and  opacities  of  the  pia 
mater,  adhesions  of  the  latter  to  the  dura  mater  and  to  the  brain  tissue. 
The  brain  tissue  is  apt  to  be  atrophied,  is  often  very  soft,  and  the  ventri- 
cles are  dilated  and  filled  with  fluid.  Tlie  pia  mater  may  be  cedematous, 
the  ei)eudyma  thickened  and  roughened.  On  microscopical  examination 
the  neuroglia  is  fouiul  to  be  increased  in  amount,  the  ganglion  cells  are 
shrunken  and  sometimes  pigmented;  the  nerve  fibres  may  also  be 
atroi)hied,  and  the  blood-vessels  in  a  condition  of  fatty  or  hyaline  degen- 
eration. There  may  be  an  accumulatioa  of  fatty  and  granular  cells  along 
the  walls  of  the  blood-vessels.  Secondary  degeneratious  in  the  spiuai 
cord  are  not  infrequently  observed.' 

'  See  OitpevTutm,  Berl.  klin.  Wochenscbrifl.  Marcli  2d,  1896. 

'  It  is  very  dilHcidt  to  make  |>i)sitive  and  definite  slatcmeuts  regarding  many  such 
lesiiius  of  (lie  brain  as  tbose  just  iudicnteil.  or  in  general  of  brain  lesions  whose  nature 
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duonic  Interstitial  Kyelitu. — Under  this  beading  are  embraced  a 
variety  of  lesious  which  probably  differ  from  cue  another  somewhat 
Id  the  uature  of  the  changes  involved,  but  more  in  the  seat  of  the  dis- 
ease. We  shall  consider  without  special  classification  the  most  impor- 
tant forms. 

Chtonio  TraniTene  MyeUti>.^In  certain  cases  of  pressure  on  the  spinal 
cord  from  a  tumor  or  from  displacement  of  the  bones  of  the  \'ertebral 
column,  etc.,  instead  of  becoming  softened  or  undergoing  acute  inflam- 
matory changes,  the  cord  becomes  the  seat  of  a  localized  formation  of 
new  connective  tissue,  with  consecutive  atrophy  of  more  or  less  of  the 
ner\e  elements  in  the  gray  and  white  matter.  The  cord  becomes  in  this 
way  harder,  and  sometimes  shrunken  at  the  seat  of  lesion,  and  gniy  in 
color.  This  change  may  be  followed  by  ascending  and  descending  de- 
generation. 

Chiouio  Digseminated  Hyelitis — Knltiple  Solerosia. — This  lesion,  similar 
in  its  nature  to  multiple  sclerosis  of  the  brain,  often  occurs  with  it.  It 
consists  iu  the  formation,  in  more  or  less  numerous  scattered,  circum- 
scribed areas,  of  new  connective  tissue,  apparently  derived  from  the  neu- 
roglia.    The  formation  of  new  connective  tissue  is  preceded  or  accom- 


panied by  degeneration  and  atrophy  of  the  nerve  fibres  and  ganglion 
cells.  The  new  connective  tissue  consists  of  the  characteristic  branching 
neuroglia  cells,  surrounded  by  a  more  or  less  dense  network  of  fine 
fibi'illie,  many  if  not  most  of  which  seem  to  be  branches  of  the  neuroglia 
cells.  Corpora  amylacea  and  sometimes  fat  droplets,  either  free  or  con- 
tained in  cells,  may  be  present  in  the  sclerosed  areas. 

must  be  ruveuk'd  b^  micToscopical  study,  because  our  technical  procedures  In  tlie  study 
of  tile  br^u.  cvcu  iii  nonnal  conditious.  are  still  in  many  respects  quite  unsatisfactory 
and  inconipletc.  Tbe  bmin  tissue  is  so  delicate  and  an  liable  lo  post-niarteni  cliauges. 
and  tjie  eflecM  of  different  preservative  agents  are  so  liable  to  variations,  tbat  great 
caution  is  necessary  in  arriving  at  conclusions  regarding  tbe  more  minute  lesions  aSect- 
fng  the  nerve  tissue  of  tbe  bram. 
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The  areas  of  sclerosis  may  involve  both  gray  aud  white  matter,  and 
may  be  very  small  or  large  (Fig.  543).  If  veiy  small  or  in  early  stages 
of  formatiou,  they  may  not  be  recognizable  by  the  naked  eye,  but  when 
visible  they  are  grayish,  ti'ausliicent,  and  firmer  than  the  surrounding 
tissue,  and  may  or  may  not  pi^esent.  a  depressed  surface ;  they  sometimes 
project  above  the  general  level.  The  cause  of  this  as  of  all  other  forms 
of  so-called  idiopathic  interstitial  myelitis  is  very  obscure.  As  noted  in 
multiple  sclerosis  in  the  brain,  secondary  degenerations  are  rai-e,  aud 
probably  for  the  reasou  there  given, 

Clirouio  luterBtltlal  Nenritis. — This  is  &s.sentially  a  chronic  interstitial 
inflammation  I'esultingin  aniuereitseof  the  connective  tissue  in  the  nerve 
sheaths  and  intrafascicular  bands.  As  a  result  of  this  the  nerve  fibres 
undergo  atrophy  from  pressure;  the  medullary  sheaths  and  finally  the 
axis  cylinders  being  in  many  of  the  fibres  partially  or  completely  de- 
stroyed. 

Tie  Dottlourenx— Changes  in  the  peripheral  branches  of  the  fifth 
cranial  nerve  removed  from  obstinate  cases  of  trifacial  neuralgia  have 
been  reported  in  a  considerable  number  of  ca.ses.  These  changes  consist 
in  degeneration  of  the  axis  cylinders  and  of  their  medullary  sheaths.  In 
a  smaller  number  of  instances  changes  ha\e  been  reported  in  Gas-serjan 
ganglia  removed  from  such  cases.  The  changes  in  the  ganglia  consist  in 
atrophy  aud  disapiwaranee  of  the  nerve  cells  with  increase  in  the  con- 
uecfive- tissue  elements.  A  peculiar  shrunken  condition  of  the  cell  in 
which  the  cell  retracts  to  one  side  of  its  cell  space  is  a  fairly  character- 
istic feature. 


TtTBEROULOUS  I-ESIONS  IN  THE  NEBVOUS  STBTEH. 

Tubereulous  infiammation  whether  of  the  brain  or  cord  is  usuallysec- 
ondary  to  tuberculous  intiammatiou  in  other  organs,  aud  is  most  fre- 
quent as  an  extension  of  tuberculosis  of  the  meninges.  In  the  brain  sub- 
stance it  usually  manifests  itself  in  the  formation  of  circumscribed  masses 
of  new  tissue  from  0.5  to  1  cm.  in  diameter,  or  larger.  These  may  be 
single  or  multiple,  are  most  common  in  young  persons,  and  very  fre- 
quently occur  in  the  cerebellum  (Fig.  544).  They  are  apt  to  occur  in 
connection  with  tubereulous  infiammation  of  other  organs.  They  are 
frequently  called  solitary  tubereles,  and  usually  consist  of  a  dense  cen- 
tral cheesy  mass,  around  which  is  a  grayish  zone  containing  tubercle 
granula,  numerous  small  spheroidal  cells,  with  occasionally  lai^er  poly- 
heilral  cells  and  giant  cells.  They  do  not,  as  a  rule,  seem  to  be  fonned 
by  an  aggregation  of  miliary  tubercles,  although  these  may  be  present 
in  the  periphery.  They  sometimes  suppurate  and  break  down,  and  then 
they  simulate  simple  abscesses.  Tul)ei'cle  bacilli  have  been  found  in 
these  solitary  tubercles. 

Conglomerate  and  scattered  miliary  tntrercles  of  the  ordinary  form 
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sometimes  oc«ur  iii  tlie  brain,  usually  in  coiiuection  with  tuberculous  in- 
flammation of  the  meninges  or  ependyma. 

In  the  spinal  cord  solitary  nodules  may  determine  extensive  second- 
ary degenerations.  Multiple  tuberculous  foci  may  occur  in  the  cord. 
They  are  rare  and  usually  secondary  to  tubereulosis  of  the  spinal  mo- 


Tubei-eulous  inflammation  of  nerves  is  rare  except  at  their  origins, 
■where  it  is  due  to  an  extension  fi-om  tuberenlous  meninges.  When  a 
nerve  traverses  tuberculous  tissues,  it  may  be  involved  iu  the  iullamma- 
tory  process. 


6TPHIUTI0  LESIONS  IN  THE  NERVOUS  STSTEK. 

Syphilitic  lesions  in  the  nervous  system  may  oc«nr  in  either  the  inher- 
ited or  in  the  acquired  fonii  of  the  disease.  In  the  former  they  usually 
hIhiw  themselves  early  in  life,  though  cases  have  been  repoi-ted  after 
puberty,  Gasne  in  an  examination  of  twenty-six  ftetuse-s  of  sypliilitie 
parents  found  well-marked  syphilitic  lesions  in  four.  More  commonly 
it  is  a  tertiary  manifestation  of  the  acquired  disease  occurring  from  ten 
to  twenty  years  after  the  initial  lesiou.     Less  commonly  cerebml  symp- 
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toms  make  their  appearance  withiu  a  few  months  after  the  chancre.  The 
lesiou  sometimes  appears  in  the  brain  as  the  Ho-called  gummy  tumors. 
These  are  most  frequently  found  near  the  periphery  of  the  brain,  are  usu- 
ally connected  with  the  meninges,  and  may  be  sharply  circumscritied. 
The  central  portion  of  the  tumor  is  apt  to  be  in  a  condition  of  cheesy 
degeneration,  and  at  the  periphery  is  seen  fibrous  tissue  or  a  dense  infil- 
tration of  small  spheroidal  cells. 

Syphilitic  inflammation  of  the  brain  very  frequently  occurs  in  a  dif- 
fuse form,  characterized  by  the  formation  of  a  gelatinous,  grayish  tissue, 
cousistiugof  a  more  or  less  homogeneous  or  granular  basement  substance, 
with  numerous  small  round  cells.  The  neighboring  nerve  elements  are 
apt  to  be  atrophied.  A  most  common  syphilitic  lesion  is  a  specific  arte- 
ritis with  or  without  the  formation  of  small  gummatous  tumors  in  the 
walls  of  the  vessels. 

Syphilitic  infianimation  in  the  cord  is  usually  secondary  to  a  similar 
process  iu  the  spinal  meninges.  The  size  and  shape  of  the  gummata  are 
modified  by  the  restriction  of  the  vertebral  canal.  The  tumors  are 
mainly  significant  from  the  more  or  less  extensive  secondary  degenera- 
tions which  they  induce. 

The  relation  of  syphilis  to  multiple  cerebral  and  spinal  sclerosis  is 
still  uncertain.  Its  relation  to  tabes  and  to  dementia  paralytica  has  been 
noted  under  their  reapecti^'e  titles.  It  is  probable  that  most  or  all  of 
those  rare  cases  of  tabes  occui  ring  in  children  are  the  results  of  inherited 
syphilis. 

Syphilitic  infiammation  of  the  peripheral  nerves  is,  like  tul>erculoii8 
Inflammation  of  nerves,  usually  dependent  upon  an  extension  of  the 
process  either  from  the  meninges  or  from  some  tissue  through  which  the 
nerves  pass. 

ACTINOlfTCOSIS. 

Actinomycosis  of  the  brain  has  been  described.  It  is  a  rare  form  of 
brain  infection,  and  is  usually  secondary  to  actinomycosis  of  the  neck  or 
fa«e.  The  condition  is  apt  to  lead  to  suppuration  and  abscess  formation. 
A  case  has  been  i-eported  by  Bollinger  in  which  the  disease  was  appar- 
ently primary  in  the  brain. 


LEFBOUB  INFI.AHHATION. 

This  occurs  in  the  jwripheral  nerves  and  consists  iu  the  fonnatiou 
within  the  nerves  of  masses  of  new-formed  tissue  somewhat  resembling 
granulation  tissue.  In  the  cells  of  this  tissue  multitudes  of  characteristic 
bacilli  are  uniformly  found  (see  Leprosy).  It  constitutes  the  variety  of 
leprosy  known  as  lepra  an^sthetiea. 
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Tumors  occurring  iu  the  nenous  system  may  be  of  the  types  found 
in  the  other  oi^ns  or  of  types  peculiar  to  nervous  tissue.  They  may  be 
primaiy,  or  secondary  to  similar  growths  in  other  parts  of  the  body. 

TUMOBS  OF  THE  BKAIN. 

Kyzomo,  flbroma,  lipoma,  and  osteoma  are  rare  forms  of  braid  tumor. 

Kenro^Lioma  Oan^lionare. — This  is  a  form  of  tumor  probably  due  to 
disturbances  in  the  developmeut  of  the  brain.  It  ia  peculiar  to  nervous 
tissue  and  occurs  in  the  form  of  circumscribed  tumors  or  of  diffuse  eu- 
lai^ements  of  portions  of  the  brain.  The  pia  mater  over  these  tumors 
is  unchanged  and  the  convolutions  retain  their  shape.  The  tumors  are 
formed  of  neurc^lia,  in  which  are  coutaiued  little  groups  of  ganglion 
cells  (Ziegler). 

Olioma This  is  the  most  common  tumor  of  the  brain,  and  like  the 

preceding  is  found  only  in  the  nervous  system.  It  occurs  with  especial 
frequency  in  children  and  young  adults.  Such  tumors  occur  in  all 
parts  of  the  brain,  but  they  are  found  most  frequently  in  the  cerebrum. 
There  may  be  a  single  tumor,  or  there  may  be  several  such  tumors  in 
different  parts  of  the  brain ;  some  of  them  attain  a  large  size.  Bramwell 
reports  a  case  in  which  considerably  more  than  one-half  of  a  hemisphere 
was  in^-olved.  These  tumors  may  be  sharply  circumscrit>ed,  or  merge 
imperceptibly  into  the  brain  substance ;  sometimes  the  tumor  is  arranged 
m  as  to  form  the  wall  of  a  cyst  which  contains  clear  serum.  They  ma; 
be  white  and  hard;  gray,  soft,  and  gelatinoas;  infiltrated  with  small 
hemorrhages  or  partly  degenerated  and  softened.  The  centre  of  a  gli- 
oma may  break  down  and  become  soft  and  necrotic  or  even  fluid.  In 
this  way  a  cyst  is  formed  having  a  wall  of  gliomatoos  tissue.  The  brain 
tissue  around  these  tumors  may  be  inflamed  or  necrotic.  These  tumors 
arise  from  the  neuroglia.  The  relative  quantity  of  cells  and  fibrils  vanes 
in  different  tumors.  They  are  composed  of  neuroglia  cells  and  their 
delicate  interlacing  processes  (for  minute  structure  see  "Glioma").  If 
the  tissue  is  of  a  loose  formation  with  wide  meshes  between  the  fibres  it 
presents  a  myxomatous  appearance,  and  has  been  described  as  myxo- 
fflioma.  When  the  cellular  elements  are  very  numerous  the  tumor  is 
often  referred  to  as  a  glw-sarcoma.  In  some  cases  the  vascularity  is  such 
a  marked  feature  that  the  name  of  telangiectatic  glioma  is  applied  to  it. 
(According  to  Ziegler,  a  simple  .preponderance  of  ceils,  so  long  as  they 
are  of  the  neuroglia  type,  does  not  warrant  classing  the  tumor  as  a  sar- 
coma, and  he  insists  that  the  latter  term  should  be  reserved  for  those 
gliomata  in  which  an  active  proliferation  of  the  connective  tissue  of  the 
walls  of  the  blood-vessels  occurs. )  Osier  reports  three  out  of  five  cases 
of  gliomata  as  made  up  of  large  cells  in  contradistinction  to  the  small- 
cell  variety. 
63 
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>  occurs  in  aay  part  of  the  braiu.  It  may  be  single  or  multi- 
ple. The  tumors  are  composed  of  rouud  or  fusiform  cells  intb  more  or 
less  basemeut  subslaace. 

Endothelioma  is  found  iu  the  substance  of  tlie  brain.  The  tumors  are 
of  the  types  described  as  occurriug  in  the  pia  mater. 

Angioma. — Small  collections  of  dilated  vessels  are  found  in  the  sub- 
stauee  of  the  brain.  They  seem  to  be  congenital  like  the  nsevi  of  the 
skin. 

Caroinoma  occurs  in  the  braiu.  It  is  usually,  if  not  always,  secon- 
dary to  carcinoma  in  some  other  oi^an. 


Tumors  of  the  Cobd. 

In  the  pia  mater  of  the  cord  are  sometimes  found  small  fibromata, 
oateom&tm  and  Upomata.  Multiple  fibromata  occasionally  occur  iu  the 
cord  iu  connection  with  multiple  fibromata  of  the  peripheral  nerves. 

Endotheliomata  of  the  types  described  as  existing  in  the  pia  mater  of 
the  brain  are  much  more  rarely  found  in  the  pia  mater  of  the  cord. 

A  fatty  larooma'  of  the  pia  mater,  which  infiltrated  the  cord,  formed 
a  tumor  as  lai^e  as  a  filbert,  and  had  for  twelve  years  caused  gradually 
increasing  paraplegia,  has  been  descrijaed. 

Two  curious  cases'  of  diffuse  sarcoma  and  one  of  endothelioma  of  the 
pia  mater  of  the  whole  length  of  the  cord  are  recorded.  They  occurred 
in  girls  of  four-and-a-half,  sixteen,  and  twenty-two  years  of  age.  In  each 
ciise  the  pia  mater  of  the  whole  length  of  the  cord  was  diffusely  thickened 
and  studded  with  nodules.  In  two  of  the  cases  the  growth  was  com- 
posed of  round  cells,  in  the  third  case  of  lai^e  endothelial  cells  arranged 
iu  alveoli.  In  two  of  the  cases  the  clinical  symptoms  lasted  only  for 
about  three  weeks,  in  the  third  case  for  fi^e  months.  The  acuteness 
of  the  symptoms  was  such  as  to  indicate  the  existence  of  spinal  menin- 
gitis. 

In  the  spinal  cord  itself  gUomata,  fibromata,  larcomata,  glio^arcomata, 
and  angio-sarooinata  occur,  but  are  rai-e. 

When  gliomataor  glio-sarcomata  do  occur  in  the  spiual  cord,  the  new 
growth  is  apt  t(t  extend  for  some  distance  lengthwise  in  the  cord  and  to 
be  attended  with  the  formation  of  a  cavity;  this  condition  is  usually  de- 
scribed under  the  name  of  syriugomydia. 

Cysta  may  occur  as  a  result  of  softening  or  from  unknown  causes. 
Sometimes  very  long,  narrow  cauals  are  found  iu  the  spiual  cord,  even 
reaching  nearly  its  whole  length.  Some  of  these  are  evidently  the  di- 
lated eenti-al  canal,  as  they  are  lined  with  epithelium.  Others,  ho\r- 
ever,  doubtless  originate  in  hsemorrhages  (see  Htematomyelopore,  page 
794). 

ByringomTelia. — This  lesion  of  the  spinal  cord  consists  in  the  formation 


i. ;  Arch,  fnr  Psych.,  1885. 
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of  glionuttous  or  glio-sarcomatous  tissue  in  the  vicinity  of  the  central  eaual, 
and  it3  subsequent  partial  disintegration  with  the  formatiou  of  one  or  more 


FlO.   51S.—BTR1NOOH TELIA. 

n  Irregular  c&rl(T  In  tbe  gnf  toalier  of  the  spinal  mrd.  lined  b;  a  Uilrk  1  ver  ot  (rllomalouB  t 
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through  which  they  pass,  though  not  iDfrequently  nerves  pass  tbrou{!;h 
these  tumors  without  being  in  the  least  involved  in  their  peculiar  struc- 
ture. Paltauf  has  described  as  endothelioinata  rare  tumors  of  the  glan- 
dula  carotica. 

PASABITES. 

Cysticeroiu  and  more  rarely  echinococcua  occur  in  the  brain. 

HOLES  AND  CTSTS  IN  THE  BRAIN. 

Lai^r  or  smaller  holes  may  be  found  in  the  brain  tissue  from  dilata- 
tion of  the  perivascular  lymph-spaces,  or  well-formed  cysts  may  exist 
as  a  result  of  haemorrhage,  inflammatory  softening,  hydatids,  etc. 

PORENCEPHALUS 

is  a  term  which  has  had  a  wide  range  of  application  to  various  defects  of 
the  brain  substance.  By  some  writers  the  term  has  been  used  to  cover 
almost  any  congenital  absence  of  brain  tissue.  By  others  brain  defects  not 
congenital  are  included.  Its  mostcommou  application  is  tocertain  quite 
well-defined  congenital  conditions  in  which  there  is  an  absence  of  a  con- 
siderable portion  of  one  or  both  hemispheres.  These  holes  may  lie  deep 
in  the  aubstanc*  of  the  brain.  More  commonly  they  come  to  the  surface 
making  conical  depressions  iu  the  cortex,  which  the  dura  mater  bridges 
over,  but  into  which  the  pia  extends.  There  may  or  may  not  be  commu- 
nioatiou  with  the  ventricles.  This  condition  may  coexist  with  various 
mental  aberrations,  hydrocephalus,  etc.  Similar  defects  may  occur  in 
the  cerebellum. 

Pineal  Oland. 

This  little  body,  about  the  size  of  a  cherry  stone,  is  composed  of  con- 
nective tissue  enclosing  cavities,  which  are  filled  with  reticulated  tissue 
and  round  cells.     The  cavities  often  contain  brain  sand. 

A  small  number  of  tnmora  belonging  to  the  class  of  teratoma  have 
been  described  as  originating  in  the  pineal  gland. 

Weigert '  describes  a  tumor,  about  3.5  cm.  in.diameter,  composed  of 
epidermis,  hair  follicles,  hair,  sebaceous  glauda,  cartilage,  fat,  smooth 
muscle,  and  cylindrical  epithelium. 

Falksou'  describes  a  choudro-cysto-sarcoma,  5.8  cm.  iu  diameter, 
which  apparently  originated  iu  the  pineal  gland. 

Turner'  describes  a  tumor  of  the  pineal  gland,  projecting  into  the 
third  ventricle  and  the  left  lateral  ventricle,  of  the  size  of  a  kidney.     The 
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tumor  was  composed  of  fusiform  cells,  of  nerve-ganglion  cells,  of  tubules 
and  acini  lined  with  cyliudrical  epithellom,  and  of  more  irregular  spaces 
filled  with  large  polygonal  cells. 

Coats'  describes  a  tumor,  three  inches  in  diameter,  growing  into  the 
third  ventricle,  the  aqueduct  of  Sylvius,  and  the  fourth  ventricle.  It 
was  composed  of  fusiform  cells,  of  tubules  lined  with  cylindrical  epi- 
thelium, of  irregular  masses  of  epitlieliam,  of  cartilage,  and  of  smooth 
muscle. 

Hypertrophy  with  cystic  degeneration  may  occur. 

hemorrhage  into  the  substance  of  the  gland  has  been  described. 


Hypophysis  Cerebri  (The  Pituitary  Body.) 

This  structure  consists  of  two  lobes ;  the  anterior  lobe  is  composed  of 
a  connective-tissue  stroma  enclosing  cavities  which  are  packed  full  of 
nucleated  cells  of  various  sizes  and  shapes,  some  of  them  resembling 
nerve  cells ;  the  posterior  lobe  is  composed  of  vascular  connective  tissue. 

Tumors. — Weigert '  describes  a  tumor,  as  large  as  a  hen's  egg,  which 
resembled  in  its  structiire  the  normal  anterior  lobe  of  the  pituitary  body, 
and  which  he  retards  as  a  hypertrophy  of  that  body.  Weigert  also  de- 
scribes a  gummy  tumor  of  the  pituitary  body  as  large  as  a  hazelnut. 
Weichselbaum  describes  an  adenoma  of  the  pituitary  body  as  lai^  as  a 
pigeon's  egg,  closely  resembling  the  structure  of  the  normal  anterior  lobe 
of  this  body ;  a  small  lipoma ;  and  a  pituitary  body  with  colloid  cysta. 
lined  with  ciliated  epithelium. 

Hethods  of  PreparBtion  of  Nerve  Tissue  ftir  Hicroacopicftt  Study. 

Tlif  geocral  methods  of  hardening  have  already  been  given  on  pages  18  and  19. 
For  minute  study  there  la  no  one  method  of  staining  and  mounting  upon  which  we  can 
rely  exclusively  for  the  study  of  all  leaious.  A  preliminary  examination  of  areas  of 
irylamnurfory  aaflening,  or  of  the  disintegrated  tissue  in  apnpUctie  eUiU,  or  of  the  new- 
formed  tissue  in  ehronie  li^narrhagie  paehgmsnitigitii  interna,  may  be  made  by  teasing 
portions  of  the  affected  tissues  in  one-half-per-cent  salt  solution.  Or  the  tissues  In 
these  lesions,  or  in  any  others  in  which  fatty  degeneration  is  suspected,  may  be  placed 
for  twenty-four  hours  in  one-percent  aqueous  solution  of  osmic  acid,  and  (heu  washed 
and  teased  in  glycerin.  In  this  way  the  myelin  and  the  fat  will  t>e  stained  brown  or 
black.  tiecoDdary  and  other  degenerations  of  medullated  neives  may  be  studied  by 
soaking  the  nerves  for  twenty -four  hours  in  one-per-cent  solution  of  osmic  acid,  and 
then  staining  with  picmcarmlne  and  teaning  and  mounting  in  glycerin. 

To  demonstrate  the  presence  of  miliary  aneurisms  in  or  about  apoplectic  clots,  it 
is  usually  necessary  to  macerate  the  brain  tissue  in  water  until  the  nerve  elements  dis- 
integrate, and  tliey  may  then  be  washed  away  under  a  stream  of  water,  leaving  the 
blood-vessels  with  their  aneurisma  exposed. 

Marcki'g  Method. — For  studying  early  stages  of  degeneration  In  medullated  nerve 
fibres  this  method  is  Invaluable.  It  depends  upon  the  fact  that  while  myelin  and  fat 
both  stain  black,  when  tlie  fresh  nerve  fibres  are  placed  directly  Into  osmic  acid,  a  pre- 
liminary soaking  in  a  solution  of  potassium  bichromate  so  affects  the  tissue  tliat  the 
myelin  sheaths  of  normal  fibres  no  longer  impregnate  with  osmiun,  the  fat  droplets 
alone  staining. 

'  Trans.  London  Path.  8oc..  xxxvlH,  '  Virch.  Arch.,  Ixv.,  p.  819. 
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Tisauea  are  first  hardened  from  ODe  to  three  weeks  Id  MDller'a  fluid,  or  ^mply  ia  & 
two  or  three  per  cent  aqueous  solution  of  potassium  bicliromate.  They  art  then 
transferred  to  a,  mixture  of  one-percent  aqueous  solution  of  osraic  acid  one  part, 
MQUer'g  fluid  two  parts,  where  they  remain  from  three  days  to  a  week. 

By  following  the  lines  of  fat  droplets,  degenerative  changes  iu  nerve  fibres  may  be 
traced  eiUier  In  the  peripheral  nerves  or  in  the  central  nervous  system. 

Eoan-IImnuito-tglin  Sainiiig. — Suppurative  inflammittlon  of  the  central  nervous 
system  and  its  mcinbrtLnes,  or  the  connective- tissue  changes  ia  general,  may  be  studied 
in  sections  from  tlie  tissues  hardened  in  MQller's  tluid  and  alcohol,  stained  double  with 
lismatoxylin  and  eosln  (see  page  56).  and  mounted  in  Canada  balsani, 

Wfigert'*  ^et/wd, — A  very  useful  method  of  staining  sections  of  nerve  tissue,  e»p<*- 
cially  of  the  brain  and  cord,  is  that  known  as  Weigert't  kitmatarylia  method.  The  tissue 
is  first  well  hardened  in  MQller's  fluid. 

Blocks  of  the  hardened  tissue  are  embedded  In  celloidin  and  sections  made  in  the 
usual  way.  The  sections  are  first  siiaked  for  twenty-four  hours  in  a  saturated  aqueous 
solution  of  neutral  cupric  acetate  diluted  with  an  equal  bulk  of  water,  or,  if  the  materia] 
has  been  kept  sonie  time  and  takes  the  lismatoxylin  stain  with  difficulty,  a  better  result 
is  often  obtained  by  soaking  the  sections  for  from  twelve  to  twenty -four  hours  in  a  ttutie 
to  five  per  cent  aqueous  solution  of  bichromate  of  copper  before  staining.  They  are 
now  thoroughly  washed  twice  iu  water,  then  in  alcohol,  and  then  arc  transferred  Xo  the 
btematoxylin  solution,  made  as  follows: 

Hsmatoxylin  ciystals I  gm. 

Alcoliol,  87  percent 10  c.c. 

Water 90    " 

Saturated  aqueous  solution  lithium  carbonate 1    " 

In  this  solution  the  sections  remain  for  two  hours,  (If  the  finer  Bbres  of  the  cere- 
bral cortex  are  to  be  brought  out  the  sections  must  remain  for  twenty-four  hours  in  the 
h«ntatoxylin  solution.)  The  sections  are  now  thoroughly  washed  in  two  or  three 
waters  and  transferred  to  the  bleaching  solution,  composed  as  follows: 

Potassium  ferrieyanide 3.5  gm. 

Sodium  biborate 3.      " 

Water 200      c.c. 

In  this  fluid  the  sections  discharge  a  brownish  color,  and  they  remain  In  it  until  the 
gray  matter  has  a  distinct  yellow  color  and  the  white  matter  is  bluisb-black.  The 
Ume  required  to  produce  this  effect  varies  considerably,  and  is  usually  from  half  an 
hour  to  an  hour.  The  sections  arc  now  washed,  debydrate<l  with  alcohol,  cleared  up  in 
oil  of  clovesoroil  of  origanum,  and  mounted  In  balsam.  The  sections  may  be  stained  iu 
alum  carmine  before  dehydration,  to  bring  out  the  nuclei.  In  sections  stained  by  this 
method  the  gray  matter,  connective -tissue  elements,  and  ganglion  cells  have  a  yeltow- 
or  yeliowisli  brown  color,  the  axis  cylindera  are  uncolored  or  liave  slight  yellowish  tint, 
while  the  medullary  sheaths  are  111 ulsli. black  or  black. 

Hiid't  Staining  Metlwd. — There  are  several  variations  of  this  method,  but  the  fol- 
lowing gives  good  results  in  most  cases: 

The  essential  feature  of  the  so-called  Nissl'smethod  is  the  application  of  the  aniline 
dyes  to  the  staining  of  certain  structural  elements  iu  the  nucleus  and  cytoplasm,  wbieb 
are  distinguishetl  from  the  other  structures  of  the  cell  by  u  differentiating  decoloriza- 
tion  with  alcohol. 

Methylene  blue  is  the  most  generally  useful  of  the  aniline  dyes  for  this  purpose. 

The  specimens  should  have  been  carefully  hardened  In  sublimate  solution  or  In 
alcohol  or  in  formalin. 

Very  thin  sections  are  stained  in  one-per-eent  solution  of  methylene  blue.  The 
staining  may  be  effected  on  a  slide  on  which  the  sections  are  floating  in  the  blue  solu- 
tion by  gently  healing  over  a  lamp  uutll  the  fluhl  steams. 

The  sections  are  uow  transferred  to  a  mixture  of  absolute  alcohol  90  parts, 
with  aniline  oil  10  parts,  in  which  the  differentiation  is  effected  by  the  use  of  successive 
fresh  portions  of  fluid  until  slight  but  distinct  differentiation  in  color  is  seen  between 
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the  gray  and  white  matter  of  the  nerve  tissue.  The  eiact  degree  of  decolorizatlou 
which  gives  the  best  pictures  will  be  learned  by  practice  of  the  method.  Id  many  cases 
the  use  of  alcohol  alone  without  aniline  oil  is  preferable  to  the  mixture,  aoil  in  any  case 
the  sections  should  always  be  washed  in  strong,  pure  alcohol  before  passing  on  to  th( 
xylol.  The  sections  are  now  freed  from  the  bulk  of  the  alcohol  upon  the  slide,  cleared 
in  xylol,  and  mounted  in  dammar  varnish,  in  which  the  color  is  apt  to  he  preserved 
better  tbati  in  balsam.  By  this  procedure  llie  chromophilic  bodies  in  the  cytoplasm  of 
ganglion  cells  are  sharply  differentiated,  and  thus  abnormal  conditions  may  be  detected 
in  them  (see  Plate  XIII.). 
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coronary,  eniboltsiii  of,  488 
coronary,  examination  of,  24 
coronary,  thrombosis  of,  486 
cysts,  atlieromatous,  of.  461 
degenerations  of.  82,  449 
liepatjc.  lesions  of.  586 
iudammation  of  (sec  Arteritis),  450 
mesenteric,  aneurism,  miliary,  of,  469 
pulmonary,  aneurism  of.  459 
pulmonary,  embolism  and  Ibrombosis 

of,  485 
renal,  embolism   and  thrombosis  of, 
617 


Arteries,  spinal  cord,  lesions  of,  797 

syphilis  of.  466 

terminal,  emboli  in,  76 

tuberculosis  of,  465 

tumoi  emboli  in,  460 

tumors  of,  460 

ulceration  of,  451 
Arttirio-sclerosis  (see  Arteritis),  450 

classification  of,  464 

conditions  leading  to,  464 

forms  of,  464 
Arteritis,  acute.  450 

chronic,  460,  454 

peri-,  nodosa,  464 
Arthritis,  chronic,  750 

deformans.  751 

exudative.  749 

gonococcal,  760 

gouly.  751 

pneumococcic,  760 

rheumatic.  760 

scro- fibrinous,  749 
I.  749 


suppurative.  760 

tuberculous,  751 

uriticA,  761 
Arthropathy,    hypertrophic     pulmonary, 

ref.  867 
Arthropods,  143 
Arthrospores  (see  Arthrogeuoua  Spores), 

147 
Ascaria  In  bladder,  urinary,  664 

in  pancreatic  duct,  583 

lumbricoides,  138,  610 

maritima.  188 

mystax.  1S9 
AkK,  on  excretion  of  bacteria  by  kidneys, 

624 
Atchoff,  on  compensatory  hypertrophy, 
98:  on  eysia,  307;  on  Ehriich's  hypoth- 
esis, 196;  on  parenchyma  cell  embo- 
lism, 76;  ou  regeneration,  etc.,  106;  on 
tumors,  803,  349 
Ascites,  568 

chylous,  486.  569 

in  cirrhosis,  699 
Asiatic  cliolcra  (see  Cholera),  288 
Aspergillus  glancus.  160 
Asphyxia,  lesions  of,  43 
Ataxia,  cerebellar.  820 

Friedreich's,  819 

hereditary.  819 

locomotor,  813 
Ataxic  paraplegia,  818 
Atelectasis  of  lungs,  485 
Atelomyelia,  788 
Atheroma,  451 

Atrophia  musculorum  lipomatosa,  T66 
Atrophy,  78 

acute  yellow,  of  liver,  688 

brown,  of  heart,  438 

degenerative,  79 

of  adrenals,  416 

of  blood-vessels,  447 

of  bones,  728 

of  brain,  788 

of  fat,  pericardial,  428 


Dijiiizedb,  Google 


844  INE 

Atrophy  of  heart,  488 

of  kidney,  615 

of  liyer,  588 

of  lymph  nodes,  892 

of  niuacle,  754 

of  pancreas,  IS77 

of  prostatL',  732 

of  spleen,  403 

of  su>mach.  585 

of  testicles,  717 

of  tliymus,  412 

of  thyroid,  418 

of  uterus,  669 

progressive  muscular,  811 
Auerbitck,  od  typhoid  bacilli  in  blood,  286 
Anfreclit,  on  experlineDlal  pueuinonia,  499 
Autoha;nioljsis,  187 
Auto-iDio\iCBtiou,  163,  860.  868 

acromegalia,  367 

Addison's  disease  as  aa,  368 

burns  aa  excitants  of,  ^ 

cachexia  strumipriva  as  an,  362 

diabetes  as  an,  864 

dysoraaic,  360 

enterogenic,  359 

exophthalmic  goitre  as  an,  862 

gout  as  an,  8S5 

histogenic,  859 

relation  of  Ehrlich's   hypothesis  to, 
196 

relention.  859 

scorbutus  as  au,  366 

sunstroke  as  an,  86S 
Autolysis,  92.  186,  201.  493 
Autopsies  In  new -bom  children.  39 

making  of  (see  Post-mortem  Exami- 
nations), 8 

medico-legal.  37.  88 
Axis-cylinder  process,  nature  of,  799 
Axone,  degenerations  in,  803 

nature  of.  799 
Axone-hill,  800 

£(iAe«,  on  bacteria  in  cadaver,  5;  on  btem- 

orrhagic  infection,  267 
BhcIIII  {see  Bacillus),  144 
Bacillus,  144 

"acid-proof,"  group  of.  268 

aGrogenes  capsulatus,  367 

antliracis,  223 

cholene  galtinarutn.  267 

collcommunis,  310.  387 

coujunctivitidis,  237 

diphtheria:,  259 

diphtherite,  action  of,  in  animals.  263 

dlpbthcrite,  branching  forms  of,  261 

dlplitheriffi,  cliaractcrs  of.  261 

diphtheria-,  group.  268 

diphtherias  in  lungs,  ref.  261 

diphtheria'  in  mouths  of  lieallhy  per- 

dlplitheriie,  toxin  of,  262 
diphtherite,  varieties  of,  263 
Dncrcy'*.  320 
<lysenteriffi,  556 
FriemandeT'ii.  213 
gas,  36? 


Bacillus,  glanders,  319 
"grass,"  258 
"hay."  258 
hsmorrhagicus,  267 
hffimorrbagicuB  sepllcus,  267 
hfemorrliagicuB  velenosus,  267 
icteroides,  272 
inauenzss,  226 
lepra,  349,  266 
Luilgarteii'a,  357 
mallei.  219 

CEdematis  maligni,  268 
pestis,  266 
plague,  266 

pneumonite,  FriedldntleT'i,  212 
proteuB,  group  of,  212 
protens  vulgaris,  213 
pseu  do -diphtherial,  268 
pseudu-inSuenzte,  237  . 
pseudo-letanicus,  264 
pseudo-tuberculosis.  220 
pseudo- tuberculosis  liquefaciens,  220 
pyocyaneus,  211 
pyocyanens  in  dysentery,  557 
pyogenes  foetid  us,  210 
rhinosclerDmatis,  369 
Shiga' I.  556 
smegma,  363 
suipestis.  267 
suisepticiis,  367 
letani.  268 
tetanus  group,  364 
tuberculosis.  241 

tuberculosis,  branching  forms  of.  346 
tuberculosis,  characters  of,  246 
tuberculosis,  dead,  action  of.  349 
tuberculosis,     differentiation      from 

smegma.  258 
tuberculosis    in    mesenteric    lympb- 

nodes,  ref.  568 
tuberculosis,  numbers  of,  in  lesions. 
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tuberculosis,  v 

typhi   murium,  267 

typhosus,  327 

typhosus  in  bladder,  ref.  Co'incilman, 

653 
WHchii,  267 
Bacteria.  148 

action  of  cold  on,  147 
action  of  germicides  on,  148 
action  of  heat  on,  147 
action  of,  in  body,  164 
action  of,  in  soil.  etc..  148 
aerobic,  147 
aerogenic,  149 
anaerobic.  147 
biology  of,  147 
ipsulcs  of,  148 
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chromogenlc,  140 
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Bacteria,  classiflcation  of.  1S1 

coloQ,  group  of,  31Q 

coioales  of,  156 

commenBala  Id,  101 

coQdltioua  of  damage  in  body,  171 

conditions  of  life  of,  147 

cultivatloD  of,  154 

culture  media  for.  156 

destruction  of.  In  body,  173 

distribution  of,  148,  149 

distribution  of,  in  l>ody  after  deatb, 
ref.  169 

eliminatloD  of,  from  body,  16S.  173 

enzymes  of.  149 

examination  of  poat-mortem  speci- 
mens for.  87 

filamentous,  145 

flagella  of,  148 

forms  of.  143,  145,  146 

Gram's  metliod  of  staining,  198 

groups  of,  198 

growth  of,  147 

growtli,  aggregates  of,  146 

higher  forms  of,  145 

in  air,  149,  163 

in  appendix,  566 

in  blood,  ref.  364 

in  body,  163 

in  bladder,  urinary,  663 

iu  broDcliitis,  477 

In  cadaver.  6 

in  dust,  150  . 

in  fermentation  and  putrefaction,  149 

in  gall  passages.  613 

in  gangrene  of  lung,  488 

in  heart,  448 

in  intestine,  ref.  560 

iu  kidneya,  634,  639 

in  lungs,  ref.  500 

in  lymph  nodes,  893,  400 

'n  mouth,  635 


inn 
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in  pericarditis.  421 

in  peritoneum,  570 

in  pleuritis,  473 

iu  soil,  150 

in  spleen,  407,  41S 

in  suppuration,  301 

Insusceptibility  to  action  of.  173 

in  tonsillitis,  528 

in  urinary  passages,  ref.  Falttn.  663 

in  vagina,  668 

involution  forms  of,  144 

in  waler,  150 

metabolism  of,  148 

messmates  in.  151 

methods  of  study,  biological,  154 

methods  of  study  of,  morphological, 

152 
modification  of  characters  of,  151 
monoinorphism  in,  146 
motility  of,  148 
multiplication  of,  144.  147 
occurrence  of,  in  the  body,  163 
parasitic.  150 
pathogenic,  163 
photogenic,  149 


Bacteria,  pleomorphism  in,  146 

poisons  of,  ref.  1B4 

polymorphous,  146 

portals  of  entry  of,  163 

products  of,  action  of,  in  body.  164 

proof  of  infective  nature  of,  165 

idvaeainst,  163 

skin,  etc.. 
against,  ret.  162 

proteins  of,  164 

ptomaines  formed  by,  149 

"pyogenic."  304,  310 

relation  to  other  forms  of  life,  150 

rod,  144 

rSle  of,  in  nature,  148 

saprophytic.  150 

species  in.  161 

spheroidal,  148 

spiral,  144 

spores  of.  146,  147 

staining  of,  163 

Sterilization  of,  147 

symbiosis  among,  161 

thermophilic,  147 

toxalbumlns  formed  bj,  149 

toxins  of.  149,  164 

ultramlcroscopic,  287 

vacuoles  in,  146 

varieties  in,  151 

zooglCTB  forms  of,  145 

zymogenic,  149 
Bacterismta,  203 
Bactericidal  immunity,  181 
Bacteriolysis,  181 

Bacteriolytic  nclion  of  cholera  serum,  341 
Bailey  and  Ewing.  on  Landry's  paralysis, 

Balanitis.  714 
Balantidium  coll,  188 

Baldain,  on  carcinoma  of  pancreas,  581 : 
on  elastic  tissue  in  tumors,  308 

Bardeen,  visceral  lesions  with  bums,  48 

Barker,  on  nervous  system,  797,  803,  807 

B/iffdnie'*  disease,  862 

Sathford  and  Murray,  on  atypical  mitosis 
In  tumors,  803 

Batten,  on  nerve  lesions  In  diphtheria.  260 

Baumgartf.a.  on  coronary  arteries,  488 

Berk,  on  diphtheria  bacillus.  363 
on  Influenza  bacillus,  336 

Becker,  on  rhabdomyoma  of  testicles,  731 

Beco.  on  bacteria  in  lungs,  500 

Beliring,  on  intestine  as  portal  of  entry  of 
tubercle  bacilli.  253 

Beiida.  on  miliary  tubercles,  342,  606 

Beri-beri,  279 

Berkeley,  on  laboratory  work  with  mos- 
quito, 386 

Bernluim  and  Oniber,  on  mixed  infection, 
lfS8 

Berry,  on  lesions  of  appendix,  565 

BerlheimOH,  on  heart  tumors,  447 

Bettmann,  on  fibrinous  bronchitis,  478 

Beianjoii  and  Labbe,  on  germicidal  action 
of  lymph-nodes,  168 

Biedi  arid  Kraut,  on  elimination  of  bacte- 
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Billing*  and  Vappi,  on  leukwmlii,  888 

Birch- Ilirtchfdd,  on  entraoce  of  bacUria 
by  iDtestiae,  5T1 

Bireh-lliriKhfeld  aiid  Oarten,  on  trauaplan- 
tatioD  of  tissues,  296 

BiH  and  Lamb,  ou  Malta  fever,  366 

Biuouro.  OQ  regeneration,  94 

"Blsckleg."2«9 

Bladder,  gall,  lesions  of,  610 
urinary,  647 
urinary,  bacteria  in,  663 
urinary,  calculi  in,  654 
urinary,  cbaoges  in  position  and  size 

of.  647 
urinary,   circulatory  disturbances  of, 

640' 
urinary,  cysts  of,  654 
urinary,  dilatatioD  of,  647 
urinary,  diverticula  of,  648 
urinary,  extroversion  of.  647 
urinary,  foreign  bodies  in.  654 
urinary,  litemorrhage  of,  640 
urinary,  hernia  of,  648 
urinary,  bypereeniia  of,  649 
urinary,  hyperplasia  of  epithelium  of, 

651 
urinary,  hypertrophy  of,  648 
urinary,  inflammation  of  (see  Cysti- 

lis),  650 
urinary,  malformations  of,  647 
urinar>'.  parasites  of,  654 
urinary,  pcrforatiiin  of,  648 
urinary,  pust-morlem  examination  of, 

U 
urinary,  preservation  of,  84 
urinary,  rupture  of.  648 
urinary,  tumors  of,  658 
urinary,  wounds  of,  648 

Blastoniycetcs.  14»,  159 

Bleiinurrhtra,  lOS 

Jileai    imd     Mnrineuo,    on     Friedreich's 
ataxia.  830 

BIoimI.  873 
air  in.  384 
alkalinity  of,  373 
bacteria  in,  303 
bacU'i'ia  in,  ref.  KUhman,  384 
bacteria  in,  iu  acute  lobar  pneumonia, 

ref.  403 
carbonic  oxide,  etfecls  of,  on,  3ST 
cells,  red,  agglutination  of,  190 
cells,  red,  altitude,   influence  of,  on. 


cells,  red,  destruction  of,  374 
cells,  red,  development  uf,  106 
cells,  red,  dimlnulion  of,  873 
cells,  red,  morpliological  ctianges  In, 

873 
cells,  red,  nucleated.  377 
cells,  red,  number  of,  3T8 
cells,  red.  pigment  of.  874 


Blood  ceils,  red,  polychroroatophilia,  887 

cells,  red,  rGgenerstion  of,  106 

cells,  white  (see  Leucocytes),  877 

changes  in,  after  extravasation,  70 

changes,  pist-tnortem,  5 

changes,  post-mortem,  in  position  of, 
4,  9 

circulation  of,  cliauges  in,  60 

cloi,  test  for,  by  precipitin,  191 

coagulability  of.  873 

degenerative  changes  In.  881 

diminution  of,  878 

examination,  metbodsof,  863 

examination  of,  in  malaria,  386 

extravasation  of,  69 

fat  in,  8tJ8 

foreign  bodies  in,  883 

general  diseases  of,  880 

htemoglobtn  in,  878 

immunity,  ref.  101 

laking  of.  183 

malarial  lesions  of,  285 

parasites  in,  8tJ4 

pigment.  87,  881 

pigment,  test  for,  88 

platelets  in  thrombi,  78 

plethora,  S78 

regeneration  of,  105,  386 

relationship  by  precipitin,  101 

sunim  OS  culture  medium,  155 

serum,  germicidal  powers  of,  181 

test  by  precipitin,  101 

water  of,  373 
Blood-vessels,  447 

aneurisms  of,  456 

atrophy  of,  447 

tormalion  of.  104 

degeneration  of.  83,  440,  796 

hypert^rophy  uf,  447 

Inflammation  of,  450.  463 

lesions  of,  in  brain  and  cord.  797 

syphilitic  changes  iu,  ref.  369 

tuberculosis  of.  45S,  468 
Blumeiithal.  on  infection.  167 
Blvviei;  on  bacteriology  of  lobular  pneu- 
monia, 499^    on    myoma,  cystic,   of 

round  ligament,  678;  on  tuberculosis 

of  aorta,  455 ;  on  tuberculosis  of  stom  - 

acli,  .'>8U 
BliiiMr  and  Laiid,  on  htemorrbagic  septi- 

ciemia,  369 
Blunter  a-iid  MacFitrlane,  on  noma,  660 
Body,  safeguards  of.  against  infection,  163 
Boils  (see  Furuncles),  199 
Bone,  736 

abscess  of,  784 

au<cmia  of,  744 

atrophy  of,  736 

bibtiitgraphy  of  lesions  of,  749 

caries  of,  739 

cysts  .if,  749 

d'ecakitlcation  of,  54 

enostoscB,  exostoses,  and  osteophytes 
of,  746 

formation  of,  in  muscle,  760 

fraeturesof.  727 

hiemorrhage  of,  736 
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Bone,  healing  of  fractures  of,  737 
hypenemia  of,  726 
hjoeroBtoBiB,  74S 
iDAnnmation  of  (see  OBteitisand  Perl- 

osteitlB),  728 
lesions  of,  after  typhoid  fever,  285 
marrow  in  ancemia  and  leuksmia,  744 
marrow,  malarial  leriona  of,  285 
necrosis  of,  788 
new-born,   poat-tnortem  eiiamliiation 

of.  « 
rachitic,  740 
regeneration  of.  105 
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aoiteoing  of  (see  Oateomalacia),  744 

syphilis  of.  781,736 

tuberculosis  of.  781,  786 

tumors  of,  745 

ulceration  of,  739 

wouuds  of,  727 
Sordet,  ref.  to  studies  on  immunity,  182 
Benl,  on  inflaramation,  136;  on  sacral  tu- 
mors, 805:  on  tumors,  849 
Botlivem.  on  tumors  of  pia.  775 
BothrioceplialuB  cordatus,  137 

cri  status.  187 

Ifttus.  187 
Bottomley.  ou    operation  In   tuberculous 

peritonitis.  572 
BojMiTd,  on  tuberculous  bronchial  lymph- 
nodes.  398;  on  splenomegaly,  411 
Brain,  781 

abscess  of.  820 

absence  of  (see  Malformation  of  Brain), 
783 

actinomycosis  of,  832 

aneurism,  miliary,  of.  459 

apoplectic  foci  in,  790 

apoplexy,  serous,  of,  780 

atrophy  of,  786 

blood-vessels,  lesions  of,  787 

ceplialoccle.  783 

circulatory  cliauges  iu,  787 

cyclopia,  781 

cysts  of.  836 

dogeneralion.  neurone  in,  802 

degeneration  of,  795.  797 

degcnenition,  secoiidury,  of.  809 

dissection,  methods  of,  11,  14 

embolism  !n.  7U4 

enceplialocetc,  783 

examination,  post-morlem,  of,  10 

fixative  and  hardening  methods  for,  16 

hieniorrhage  Of,  780 

hernia,  782 

boles  in,  836 

hydrencephalocele,  782 

hydro  meningocele.  782 

hypenemia  of.  788 

hypertrophy  of.  786 

Inflammation  of    (see    Encephalitis), 


Bndn,  malarial  lesions  of,  285 

malformations  of,  781 

mantle,  demonstration  of,  15 

Meynert's  method  of  opening,  14 

microceplialia.  783 

morpholngy  of,  787 

new-born,  40 

<Edema  of.  789 

parasites  in,  886 

pigmentation  of,  787 

preservation  of,  16 

removal  of,  at  autopsies,  10 

sand,  764.  766,  774,  781 

sclerosis  of,  827 

softening  of,  705,  830 

structure  of.  797 

syphilis  of.  778,  881 

tuberculosis  of,  773,  830 

tumors  of,  838 

vascular  changes  in.  787 

ventricles,  nature  and  lesions  of  {see 
Ependymitis),  778 

ventricles,  tumors  of.  781 

weight  of,  11 
Brancliial  clefts,  carcinoma  of,  ref.  Powert, 
580 

clefts  and  flstulte.  626 
Breut,  on  cystic  myoma  of  utenis.  678 
Brieger  and  EhTlieh,  on  ilegeiierations  in 

spinal  cord.  804 
Brigidi  and  Pieeoli,  on  persistent  thymus 
and  Hodgkin'a  disease,  413;  on  thymus 
liyperplasia.  381 
Brill  (ind  lAbman.  on  calcification  of  liver, 

593 
BHnkfrliiiff.  on  smallpox.  376 
Bronchi,  476 

casts  of,  478 

dilatations  of,  478 

examination,  post-mortem,  of,  25 

hemorrhage  of.  476 

inflammation  of  (see  Bronchitis),  476 

osslflcation.  481 

preservation  of.  25 

"  trabeculation  "  of,  477 

tumors  of,  481 
Bronchial  lymph-nodes,  lesions  of.  481 
Bronchieetasla.  479 
Bronchiolitis,  exudative.  478 
Broncliiiis.  476 

bacteria  in.  477 

capillary,  495 

catarrhal,  acute.  476 

catarrhal,  chronic,  477 

croupous.  478 

fibrinous,  478 

pseudomembranous,  478 
Broncho-pneumonia,  404 

excitants  of,  498 

tuberculous.  509 
Bi-ookt,  on  acromegalia.  367 
Bronze  sliin,  88 
Brosch.  on  <esopliageal  diverticula,  531 ;  on 

tumors  and  trauma,  397 
Broth  as  culture  medium,  155 
BrouardM.  ref.  sudden  death,  49 
Brown,  on  snalie  poison,  857 
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Brmfii  and  Thirg,  on  diphtheritic  septica* 
mla.  3S1 

Brunt  and  Hamper,  on  relations  of  colon 
and  typhoid  bacilli,  338 

Bubonic  plague.  306 

Bueklriader,  on  entrance  of  bacteria  by  in- 
testine, 671 

Buday,  on  cyatic  adenoma  with  ciliated 
epitlielium.  70fl 

Bumm,  summary  of  peritonitis,  6T3 

Biiiiling,  on  leucocytic  sera,  185 

Buraing.  leslona  in  deatii  from,  48 

Butler,  on  abnormalities  of  thoracic  duct,  ' 
465;  on  membranoua  enteritis  and  co- 
litis, 500 

Butte,  on  tumors  of  kidiieys,  644 

Biitlaer,  on  perihinitia,  671 

Biirtoit,  on  giani  cells,  116 

QOot.  on  blood,  Bbl 
Cachexia  fn  tumors,  295 

struniipriva,  861 
Cadaveric  changes  in  atomach,  084 

livldity,  4 
Ctccum.  intlammation  of,  061 

tuberculosis,  hyperplaslic,  of.  661 
Calcareous  infiltration,  67 
CalciBcatiou,  87 

of  arteries,  449.  453,  787 

of  cardiac  thrombi,  433 

of  heart  valves.  444,  446 

of  kidneys.  633 

of  liver,  098 

of  muscle,  708 

of  penfs.  715 

of  pleura,  473 

of  s))leeD  capsule.  410 


of  V, 


i.  462 


Calculi,  87 

of  appendix,  004 

of  bile-duets,  018 

of  bladder,  urinary.  654 

of  gall -passages.  613 

of  Intestines,  568 

of  kidneys,  043 

of  pancreatic  ducts,  683 

of  prepuce,  715 

of  prostate.  736 

of  seminal  vesicles,  723 

of  tonsil.  538 
CiUkim,  on  Cjtoryctes  variolff,  277;    on 

protozoa,  13H 
Callus  in  healing  bone,  738 
Calvarlum,  removal  of,  9 
CamphtU,  on  leptothrix,  335 
Cuucer  (see  Carcinoma),  888 
Carwn  and  Pielieke,  on  itieltant  of  measles, 

278 
Cautharidts  poisoning,  855 
Capillaries,  lesions  of,  464 
C'l/i;',  on  aneurism  of  coronary  arteries, 

459 
Capsules,  brood,  of  tapeworma.  186 
Caput  succedaneum,  89 
Carbolic-acid  poisoning,  350 
Carbonic -acid  poisoning.  858 

oxide  poisoning.  367 


Carbuncle,  109,  221 

Carcinoma,  885,  388 
characters  of,  838 
colloid  (see    Carcinoma,  gelatinous) 

348 
cylindrical  celled.  842.  847 
degeneration  in.  843 
epitheliomatous  type  of,  &ti 
forms  of,  842 
flbro-.  847 
gelatinous.  348 
giant -eel  led,  840 
medullary,  347 
melauo-.  348 
molle,  347 
myxomatous,  848 
neuTO-.  346 


of  bladder,  uiinary,  608 

of  bone.  749 

of  brain.  834 

of  bruncin,  481 

of  ependyma.  781 

of  Fallopian  tultes,  708 

of  gall  bladder  and  ducts,  013 

of  beart,  447 

of  intestines.  068 

of  kidneys.  044 

of  larynx.  470 

of  liver.  600 

of  lung.  580 

of  lympli-nodes.  400 


of  m 


I.  710.  1 


of  (Esophagus.  033 
of  ovaries.  093 
of  pancreas,  681 
of  parolld.  577 
of  penis.  715 
of  pericardium,  43 
of  peritoneum.  57S 
of  pliarynx,  580 
of  pleui-a,  475 
of  prostate,  T34 
of  salivary  glands. 


of 


715 


seminal  vesicles,  722 
of  spleen,  411 
of  stomach,  543 
of  testicles,  721 
of  thyroid.  415 
of  tongue.  625 
of  tonsil,  630 
of  urethra,  f 


1.681 
if  vagina.  663 
if  veins,  404 

I,  601 


scirrhous.  347 
simplex,  843.  847 
squamous-<^e1led.  342 
statistics,  ref.  843 
tclangiectoides,  347 
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Careg  and  Lyon,  on   pBeudotnen^hranouB  tal  vein,  S87;  oq  tjphoid  fever  without 

inflammatioii  in  pneuniooiii.  215  lesions,  as.t 

Caries  of  bone.  789 
Carroll,  on  yellow  fever,  278 
Carter,   ou   mosquito   and   yellow   fever. 

378:  OD  eliminatioD  of  pigment  by  liid- 


Cartilagc.  rei^eniTation  of,  lOS 
Caryocbromes,  79S 

Caseation  (see  Degeneration,  Clieesy).  93 
Casts,  of  liidney,  618 
Catarrh,  purulent,  199 
Catarrbal  ioflammation,  128 
Celioldiu  as  enibcddiog  medium,  04 
Cells,  "beaker,"  in  bronebitis,  477 

cliemistry  of,  as  related   to  Ebrlicb's 
liypothesis.  17,7 

division  of,  95 

division  of.  amitotic,  98 

division  of,  direct,  98 

division  of,  indirect,  96 

division  of,  mitotic,  95 

eosinophile.  878 

"mast,"  312 

nerve.    Nissl    method    of    staining, 

nutrition  of.  relation  of.  to  ibeories  of 


Chloral -hydrate  poisoning.  867 

Chloroform  poisoning.  857 

Ctalororoa.  320 

Chlorosis,  385 

Cholangitis,  610 

Cholelithiasis  in  pancreas  disease,  580 

Cholecystitis,  611 

Cholera  asialica.  238 

Bsiatica,    bacteria  resembling   spiril- 
lum ot.  241 

asiatica.  lesions  of.  280 

asiatica.    preventive    inoculation    In, 
340 

asiatica.  serum,  antitoxic,  in.  340 

asiatica.  spirillum  of.  240 

asiatieu,  vibrio  of,  240 

chicken.  267 

hog.  367 
Chote3t«atoma,  824 
Cholesterin  crystals  in  atheroma.  451 

in  brain  softeolng,  796 

in  gall-stones.  613,  614 


imuuDltv,  177 

Chondroma.  826 

plasma.  60.  108,  119,345 

of  bone,  746 

"  prickle."  in  epithelioma.  848 

of  bronchi.  481 

pus,  300 

of  choroid  plexus,  781 

regeueiation  of,  ref.  F'lertt,  303 

of  clitoris,  661 

regeneration  of,  general  characlers  of. 

of  dura  mater  spinalis,  776 

regeneration  of,  Impulse  to,  100 

of  ependvma,  781 

reversion  of.  in  pneumonia,  501 

of  heart,  "447 

spider.  837 

of  larynx.  470 

red  blood.  378 

of  liver,  607 

of  lung.  530 

white  blood,  377 

of  lymph -nodes,  400 

Cellular  toxins,  ret.  164 

of  mamma,  709 

ot  muscle,  760 

of  mouth,  534 

Cephalocele  (see  Malformations  of  Brain). 

ot  ovaries,  691 

Cercomonas.  180 

Cerebellum,  lubercles.  solitary,  of,  831 
Cerebrospinal  meningitis,  acute,  318 
Cerenrille,  on  intestinal  bacteria.  560 
Cestoda,  134 
Challcosis  of  lung,  503 
Chancre,  366 
soft.  220 
Cliancroid,  220 
Cliarbon,  221 

CliarboH  tymptontatique.  269 
Charcot's  crystals.  745 
Cliarcot-Lcyden  crystals,  881,  390 
Cheese  poisoning,  358 
Cheointin  and  MelUer.  on  local   predlspo- 

sitioD  to  Infection,  168 
'  degei 
Cbelofd.  809 
Cheraotaxis.  Ill 

in  bacteria.  148 
ChiiiiH.  on  auto -digestion  and  fibrosis  of 

pancreas.  677;  on  inSamraation  of  por- 
54 


of  parotid,  576 

of  pia  mat«r  cerebralis.  774 

of  submaxillary  gland.  676 

of  testicle,  721 

of  veins,  464 

ot  vulva,  661 
Cliordte  tendineie,  abnormal,  425 
Choroid  plexus,  brain  sand  in,  781 

cysts  of.  781 

lesions  of  (see  Ependyma),  778 

tumors  of,  781 
Chriitian,  on  pneumonic  exudates.  491 
Cbronmtic  figure,  96 
Chromatin,  95 
Chrumatolysis,  800,  806 
Chromogenic  bacteria.  149 
Chromophilic  bodies.  798 
Chromosomes.  95 
Chyle  vessels,  dilatation  of,  465 
Chylous  ascites,  569 
Cicatricial  tissue,  119 
Cicatrix.  119 
Circulatory  system,  419 
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Ciirbosis  of  liver  (see  Hepatitis).  G66 

dilatation  of  ceBophageal  veins  in,  ref. 
FfebU,  580 

Cladutbrix,  146 

Clarte.  on  protozoa.  128 

Clitoris,  lesions  of,  6S9 

Cloaoe,  546 

Clostridium.  144 

Clots,  heart,  23 

Cloudy  swelling  (see  Albumioous  Degen- 
eration), 79 

Coagulation  necrosis,  91 

Coali.  on  tumor  of  pineal  giand,  837 

CMibett  and  Mdtome,  on  wound  infection, 
163 

Cocci,  143 

Coccidia,  181 

Coccidtutn  OTifonne.  610 
in  liver,  610 
in  Paget's  disease,  705 

Coccus,  "golden,"  305 

GtAn,  on  corpus  luteum,  691 

Coknheim'i  hypothesis  of  origin  of  tumors, 

Colchicum  poisoning.  855 
Colitis,  amffibic,  065 
bacteria  in.  659 

catarrhal,  acute,  654 

chronic,  860 

croupous,  558 

diphtheritic,  568 

follicular.  557 

infectious,  acute,  554,  556 

membraDOUs,  560 

mucous,  300 

necrotic,  659 

nodular.  557 

pseiido-inembranous.  558 
Colloid  cancer.  848 

degeneration,  85 

nature  of,  ref.  414 
Colocfnth  poisoning.  865 
Colon,  anomalous  positions  of,  546 

bacillus,  210 

dilatation  of,  649 

"group"  of  bacilli,  211 

iuBammation  of  <aee  Colitis).  654 

tumors  of.  565 

ulcers  of,  555,  660 
Combined  system  degeneration.  818 
Commensals,  bacierial,  151 
Comparative  pathology,  importance  of,  68 
Complement,  nature  of.  188 

in  disease.  194 
Concretions  (in  appendix  sec  Calculi),  064 

in  intestines,  568 

in  pancreas,  582 

in  prostate.  723 
Concurrent  infection,  168 
Condyloma  o(  penis,  714 

of  vulva.  660 

syphilitic,  257 
Cone,  on  chronic  gastritis.  537;   on  tuber- 
culous resophagitiB,  632 
Congenital  infection,  169 
Congestion  {see  Hypertcmia) 

post-mortem.  9 


Conium  poisoning.  358 

Connective  tissue,  regeneration  of,  102 

Constitutlo  lymplialica,  8iB7 

Oontagium,  171 

Contusions,  post-mort«m,  7 

Cooling,  effects  of,  in  pneumonic  i&fec' 
lion,  ref.  600 
of  the  body,  post-mortem,  6 

Q^ia,  on  branchial  cysts.  626 

Copper  poisoning,  855 

Garnet,  on  scrofula,  398;  on  tuberculosis, 
264 

Cornet  and  Meyer,  on  tuberculosis,  264 

ConUt  and  Camot.  on  regeneration  of 
mucous  membranes,  102 

Coronary  arteries  (sec  Arteries) 

Corpora  aliena  articulonim,  763 
amylacea,  88 

amylacea  in  choroid  plexus,  781 
amylacea  In  prostate,  725 

Corpus  luteum,  cysts  of.  698 
nature  of  (see  ref.),  691 

Corpuscles,  compound  rranular,  796 

Corrosive  sublimate  as  fixative,  53 
■  poisoning.  864 

Countilman,  on  acute  interstitial  nephritis, 
637;  on  arterio- sclerosis,  454;  on  gonor- 
rhcesl  myocarditis,  437;  on  lung  lobule, 
489;  on  protozoa  in  smallpox.  276;  on 
sudden  death  due  to  heart,  428 

Councilman  and  Lafieur,  on  amceba, 
129 

Coaneilman,  MaUory,  and  Pearee,  on  bac- 
teriology of  diphtheria,  260 

Couneibnan,  Maltory,  and  Wright,  on  epi- 
demic cerebrospinal  meningitis,  219 

Coupland,  on  diffuse  tumors  of  spinal 
cord,  884 

Courmonl  and  Duffau.  on  the  spleen  in  tn- 
feclion,  163,  407 

CoiHe,  on  differential  stains  for  acid-proof 
bacteria,  253 

Cow  per 's  glands,  lesions  of,  725 

Cogon.  on  bacteria  of  stomach,  688 

Gmmer,  on  sunstroke,  865 

Cranlotahea,  742 

Cranium,  examination  of  base  of,  IS 
method  of  opening.  9 
method  of  opening,  in  infants,  40 

Crenothrix,  146 

Cretinism,  861 

Croton-oil  poisoning.  365 

Croupous  inflammation  (see  fibrinous  Id- 
BammatioD),  123.  200 

C'weder,  on  generalized  tuberculous  lym- 
pliadcnitis,  898 

Cry  p  tore  bismus,  716 

Culex  in  malaria  of  birds,  281 

Cfilhii,  ou  frozen  section,  method  of.  50; 
on  adenomatous  myoma  of  uterus.  678; 
on  carcinoma  of  uterus.  681 ;  on  hydro- 
salpinx, 700;  on  peritonitis,  671 

Cultures,  bacterial,  156,  156 

bacterial,  aerobic  and  anaerobic,  157 
bacterial,  collections  of  material  for. 

158 
plate,  157 
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CanitiagAam,  on  death  from  electiicftj,  47 ; 

on  removal  of  tbyroid,  861 
Gurtehmami,  od  typhoid  bacilli  in  urine, 

336,  eS2 
"CurschmanD's  spirals, "  479 
Cui/iing,  on  gall-stones  and  inicro-organ- 
isms.  614;   on    gall-bladder   Infections, 
613;  OD  gonococcal  peritonitis.  070 
Cutlculaof  ecblnococcuscjHt,  186 
Cyclopia,  781 
Cylindroma.  8M 
Cystadenoma  of  mamma,  709 

of  ovaries,.  698 
Cysticercus  oellulowe,  185 

In  brain,  886 

in  ependyma,  781 

in  heart,  447 

in  kidney.  647 

in  muscle,  7S1 

in  peritoneum,  ST4 

in  pia  mater  cerebralls,  770 

in  pia  mater  spinalis,  777 

in  apteen,  411 

t«nia  mediocanellata,  136 
Cystitis,  catarrhal,  acute.  660 

chronic,  6S0 

croupous,  662 

diphtticritlc.  653 

emphysematous,  663 

exudative,  660 

hyperplastic,  6G1 

Decrotic.  051 

tuberculous,  663 

typhoid,  063 
Cf  Btocele  of  vagina,  648,  661 
Cysts,  806 

atheromatous,  of  arteries,  451 

branchial,  624.  626 

ciliated,  ref.  8U7 

ciliated,  of  pleura,  476 

classltlcation  of.  806 

compound,  of  ovaries.  6B8 

congenital,  807 

dermoid,  807 

dermoid,  of  bone,  749 

dcniioid,  of  choroid  plexus,  781 

dermoid,    of     embryonal      brBUCbial 
clefts,  534.  636 

dermoid,  of  lung,  530 

dermoid,  of  nose.  468 

dermoid,  of  ovaries.  699 

dermoid,  of  peritoneum.  574 

dermoid,  of  scrotum,  710 
.   dermoid,  of  spleen.  411 

dermoid,  of  thyroid.  415 

disintegration,  806 

follicular  of  ovarj,  807 

foreigu  body,  *~ 


of  bone,  749 

of  brain.  886 

of  choroid  plexus,  781 

of  Cowpcr's  glands,  735 

of  ependyma,  781 

of  Fallopian  tubes,  708 

of  gall  bladder  and  ducts,  613 


Cysts  of  Graafian  follicles,  697 
of  kidneys,  641 
of  larynx,  470 
of  liver,  606,  607 
of  liver,  with  renal  cysts,  643 
of  lung,  530 
of  mamma,  712 
of  mamma,  male,  736 
of  mediastinum,  621 
of  mesentery,  574 
of  mouth,  534 
of  neck,  620 
of  (esophagus.  588 
of  omentum,  574 
of  ovaries,  608,  697,  609 
of  pancreas,  581 
of  parovarium,  699 
of  pericardium.  428 
of  pharynx,  626 
of  pia  raaler  cerebnilis,  776 
of  placenta,  688 
of  pleura,  475 
of  prostate,  734 
of  satlvarv  glands,  670 
of  semioal  vesicles.  732 
of  softening.  806 
of  spinal  cord,  884 
of  stomach,  545 
of  tapeworms.  186 
of  testicles,  717,  738 
of  trachea,  470 
of  tongue.  635 


of  ti 


<,  806 


1.661 


retention,  300 

retro-ovarian,  708 

retroperitoneal,  674 

sebaceous,  of  penis,  716 

sebaceous,  of  scrotum,  710 

transudation.  806 
Cs/la*e,  190 
Cytology,  importance  of  modem  studies 


phagocytes  in.  189 
raiionale  of.  187 
Cytoryctes  vacciniie,  276 
varioltp.  181 

Dagonet,  on  tumors  of  dura  mater.  766 

DaJnm,  on  differential  slain s  for  actd-proof 
bacteria,  368 

Dawiiport,  on  chemotaxis,  111 

Daeia.  on  chancroid  t)aclllus,  231 ;  on  dia- 
betic ganerene,  804 

Dayton,  on  heemolymph  nodes,  401 

Death,  black.  260 

causes  of.  determination  of,  8 
from  ospb^xla,  48 


d,  Google 


Death  from  ckctricliy,  47 
from  liaDgJDe.  44 

from  strangulatioD  or  suffocatioD.  44 
auddeo,  au<l  persiBteBt  thymus,  ref. 


sudden, 
570 


pancreatic    luemorrhage, 


suddeo.  lesions  leading  to,  3,  48 

time  of,   as  determined  by  poat-mor 
tern  cxaminatioD.  0 

violent,  lesiotJB  in,  43 
Decalcification.  54 
Decidual  remains  of  placenta,  687 
Deciduoma  of  uterus,  C8.i 
Decomposition,  posi-mortem,  S 
Defensive  proteids.  178 
Degeneration,  78 

acute.  79 

albuminous,  79 

albuminous,  of  heart,  4S4 

albuminous,  of  kidneys,  619 

albuminous,  of  liver,  QUii 

albuminous,  of  muscle,  TfiT 

albuminous,  of  pancreas,  S77 

albuminous,  of  stomach,  636 

amyloid,  83 

amyloid,  of  adrenals,  416 

amyloid,  of  arteries,  449 

amyloid,  of  heart,  4SS 

amyloid,  of  intestine,  566 

amyloid,  of  Iddneyn.  621 

amyloid,  of  liver,  591 

amyloid,  of  lympli  nodes,  398 

amyloid,  of  muscle,  75S 

amyloid,  of  pancreas,  578 

amyloid,  of  placenta.  686 

amyloid,  of  spleen:  408 

amyloid,  of  stomach,  536 

amyloid,  of  thyroid,  418 

amyloid,  of  uterus.  669 

amyloid,  tests  for.  28.  83 

ascending,  in  nervous  system,  810 

cheesy,  92,  344 

collol<l,  86 

colloid,  of  thyroid,  418 

combined  system,  818 

descending,  in  nervous  System.  809 

fatty.  80 

tatty,  from  pliospliorus.  858 

fatty,  of  adrenals.  416 

fatly,  of  arteries,  449 

fatty,  <)f  endocaniium.  435 

fatty,  of  heart.  484 

fatty,  of  joints,  749 

fatty,  of  kidneys,  030 

faiiy.  of  liver.  5D1 

fatty,  of  muscle.  7.17 

fatty,  of  pancreas,  577 

fatty,  of  placenta.  086 

falty.  of  prostate.  723 

fattv.  of  stomach,  585 

fattV,  of  uterus,  669 

falty.  of  veins,  402 

glycogen,  84 

glycogen,  of  kiilneys.  621 

glycogen,  of  liver, '5B3 

granular.  79 


Degeneration,  hyaline,  86 
hyaline,  of  arteries,  449 
hyaline,  of  heart.  486 
hyaline,  of  islands  of  Langerbane,  578 
hyaline,  of  lympb-nodes,  898 
hyaline,  of  muscle,  767 
hyaline,  of  pancreas,  678 
hyaline,  of  prostate,  •23 
hyaline,  of  thyroid.  413 
hydropic,  84 

lardoceous  (see  Degeneration,  Amy- 
l[>id>,  83 


1.  systemic,  807 

parenchymatous    (see    Degeneration. 

Albuminous),  79 
secondary,  in  nervous  syslem.  809 
waxy   (see    Degeneration,   Amyloid), 

Degenerations  of  nerves,  826 

of  nerve  tissue.  Marchi    method   of 
staining,  887 

of  neurone  systems,  807 
DeUtfidd,  on  dysentery,  554 
DelaSeld's  hiemaloxyiin  stain,  68 
Delamiire.  on  syphilitic  arteritis,  689 
Dendrites,  799 

degenerations  In,  803 
Dermoid  cysts  (see  Cysts) 

tumors  (see  Cysts.  Dermoid) 

tumors  of  mediastinum,  631 

tumors  of  penis.  715 

tumors  of  scrotum,  715 

tumors  of  testicle.  7a2 

tumors  of  thymus,  412 
De    Will,    on  membmnuus  endometritis, 

fl70:  on  myositis  ossificans,  760 
Diabetes,  "bronze."  864 

heemachromatosis  in.  88 

mellitus,  868 

pancreas  in,  578 

pbloridzin.  366 

relation  of,  to  internal  secretion,  864 

suilden  death  in.  49 
Diapi'desis.  69,  111 
Diaphragm,  position  of,  21.  41 

jioBt-mortem  examination  of,  31 
Diasiematomyelia,  783 
Diaster  in  mitosis,  96 
Dir'idanae.  on  plague  bacilli.  366 
Digestive  system,  623 
Digitalis  poisoning,  868 
Diphtheria.  360 

antitoxin,  262 

antitoxin,  metliods  of  formation  of. 

n.'i 

bacillus,  261 
bacillus,  pseudo-,  263 
bacteriology  of,  260.  261 
concurrent  infection  in,  261 
diagnosis  of,  263 
ex  peri  menial.  263 
lesions  of.  259 
mixed  infections  In,  261 
of  pharynx.  637 
paeudo-,  209 
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Diplitheria  toxio,  S62 

tuberculosis  with,  ref.  361 
Diplitlieroid  angina,  309 
Diplolmcilli,  145 
Di|)lococci,  145 

DipiococciiB  intracellularis  meningitfdlB, 
218 

pneumonue.  SI  3 
Dl|)loinyeIia.  783 
Diseiise,  causes  of.  67 

excitants.  bact<:ml,  198 

relation  of  micro-organisms  to,  163 

spec  i  lie,  197 
Diseases,  comtnunicable,  169 

gcucrai,  861 

infectious,  197 

iufectlnus,  classi  Heat  ion  of,  197 
Disiu  fee  touts.  146 
Distoma  hiematobiuiu,  134,  609 

bepaticum,  184.  609 

in  bladder,  urinary,  954 

iD  veins,  464 

lauceolatum,  134 

sincnsc,  1S4,  609 
Diverticula  of  intesttoeB,  546 

of  lesopliagus.  .^1 

of  pliarynx,  536 

of  urinary  bladder,  648 
Ihnothote^i  itttil  Jiiiio)i!tki,  on  cysts  i 
er,  606;  on  pyogenic  powers  of  typhoid 
bacilli,  286 
VobroiridHki.  on  iympli  nodules  of  laryi 

etc..  538 
Doclitniiis  diiodeualis,  189 
Ihn-k.  on  cliloronw,   331;    on  sarcoma 

stomacli,  548:  on  tricliomonuK,  130 
Diitkiii  'ink  r,  PmiriiKk,  on  protozoa.  128 
DiAji.   on   quarantine   and    vellow   fever, 

373 
Do'crf,  on  cystsof  mesentery,  574:  on  tu 
berculosja  of  ctTvical  ly in  pb -nodes,  307 
Dropsy.  71.  568 
Drowiilug,  lesions  of,  45 
"Drysdale's"  corpuscles,  696 
Diicrcy's  bacillus.  320 
Ductus  arteriosus  in  stenosis  of  aorta,  459 

arteriosus,  mnl  formations  of.  434 
Duiihai;  on  typhoid  fever,  333 
o.  Dao'ieFu,  on  antibodies.  196 
Duodenum,  jmst-niortcm  examination  of, 
»1 


mater  cerebralis.  intlammation  of  (see 

Pachymenbigitis).  763 
mater  cerebralis,  iisammonm  of.  766 
mator  cerebralis.  syphilis  of.  765 
mater  cerebralJM.  structure  of,  672 
mater  cerebralis.  thrombosis  of,  762 
ma  I  er  cerebralis,  tubereidosis  of,  765 
inatcr  cerebralis,  tumors  of,  765 
mater,  examination  post  mortem  of, 

10 
mater,  methods  of  hardening,  16 
mater  spinalis,  776 
mater  spinalis,  btcmorrbage  in,  776 


Dura  mater  spinalis.  Inflammation  of  <see 
f^chymeningitis),  776 
mater  spinalis,  parasites  in,  776 
mater  spinalis,  structure  of,  776 
mater  spinalis,  tuberculosis  of,  776 
mater  spinalis,  tumors  of,  776 

DSrck,  on  pneumonb  bacteria,  especially 
in  children,  600 

Durham,  on  yellow  fever,  273 

Dust,  bacteria  In.  160 

tubercle  bacillus  in,  353 

Dysentery  (see  Colitis),  664 
bacillus,  666 

Dysmcnorrlioca,  membranous,  670 

Ear.   internal,  post-mortem  examination 

of,  16 

middle,  relation  of  inflammation  of, 
to  meningitis,  771 
E^r,  OD  animal  tuberculosis.  251 
Ecchynioses,  7,  44,  TO,  367,  484 
Ecbinococcus,  135 

exogena,  187 

in  bladder,  urinary,  654 

In  brain,  781,  836 

In  dura  mater  spinalis,  776 

in  heart,  447 

In  kidney,  647 

in  liver.  608 

in  muscle,  761 

in  peritoneum,  574 

in  pleura,  475 

in  prostate,  725 

in  spleen,  411 

iu  testicle,  733 

in  thyroid,  416 

in  uterus,  ar- 


in  V 


1,  464 


ultilocularis.  187,  609 
scoleciparions,  137 
Eclampsia,  nerve  cells  from  ease  of,  800 
Eczema  of  nipple,  705 
Bdeii,  on  structure  of  placenta,  686 
Eilm'indi,  on  Basedow's  disease,  363 
Egg  albumen  flxativc,  51 

albumen  precipitin,  test  for,  192 
Eki-Uch,  hypothesis  of  cytolysis.  187;  hy- 
pothesis of  immunity,  106;    side-chain 
hypothesis,  176;  triacid  stain,  882 
EkHich  and  Liiiiinit.  on  aniemia,  385 
Elatcrium  poisoning,  355 
Electricity,  action  of,  on  bacteria,  148 

lesions  in  death  from,  47 
Elephantia-tis,  466 
of  pi'iii'     —■ 


of 


715 


317 

Embedding.  54,  76 
Emboli,  air.  In  blood,  384 

bacterial,  118 

fat,  884 

parenchyma  cell,  76 

tumor,  460 
Embolism,  76 

aberrant,  77 
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864 

Embolism,  effects  of,  76 

iu  brain,  794 

ID  coronary  arteries,  486 

In  intestlneB,  SSO 

in  kidneys,  617 

in  liver,  118,  686 

In  luDg,  484 

in  mesenteric  arteries,  650 

in  muscle,  759 

in  portal  vein,  586 

Id  spinal  cord,  794 

in  splccD,  40S 

in  terminal  arteries,  76 

iu  tumors,  293 

retrograde,  77 

seat  of,  moat  frequent,  77 
Embryo,  age  of,  to  determine,  89 
Emigration  of  leucocytes,  108 
Emphysema  from  gas  bacillus,  267 

of  lungs.  486 
Empyema,  199,  478 

excitants  of,  474 
Eoccplialitis,  acute.  820 

acute  disseminated,  881 

acute  psreDcbymatous,  821 

chronic,  827 

hiemorrliagic,  823 

in  new-born,  628 

suppurative.  820 
Encephalocele.  782 
EDctiondroma  (see  Cbondroma) 
Endarteritia.  450 
Endocarditis,  441 

acute,  443 

acute,  bacteria  Id,  443 

chronic,  446 

cliivuic  ulcerative,  447 

gonococcal,  ref.  Lartigau,  448 

tntective,  442 

malignant.  443 

malignant,  excitants  of,  448 


myc< 


;,  443 


stenosis  of  valves  in,  446 

thrombi  in.  443.  444,  446 

tuberculous.  447 

ulcerative,  442 

ulcerative  maligna  at,  442 

"vegetations"  in,  442.  444.  446 
Endocardium,  lesions  of,  434,  441 
Eudomctritls.  adenomatous,  671 

catarrhal,  670 

chronic,  670 

croujious,  673 

diphtheritic,  672 

exfoliative,  670 

membranous,  670 

puerperal,  674 

syphilitic.  678 

tuberculous,  672 
Endometrium,  hyperplasia,  glandular,  of, 

670 
Kndophlcbltis  (see  Phlebitis),  463 
Endothelioma,  331 

bibliography,  ref.  825 

of  ndreiiala,  418 

of  appendix,  568 

3f  bone,  748 


Endothelioma  of  brain,  884 

of  dura  mater  cerebralis,  76S 

of  dura  mater  spinalis,  776 

of  kidneys,  648 

of  lung.  530 

of  lymph-nodes,  400 

of  lympL- vessels,  466 

of  nerves,  886 

of  ovaries,  692 

of  parotid,  5T6 

of  pericardium,  422 

of  peritoneum.  578 

of  pia  mater  cerebralis,  774 

of  pia  mater  spinalis,  777 

of  pleura.  476 

of  salivary  glands,  676 

of  apinal  cord,  884 

of  thymus.  413 

of  thyroid,  416 

of  uUTiis.  679 

of  vagina,  668 
Endothelium,  changes  In,  favoring  throm- 
bosis, 73 

changes  of.  In  syphilis,  256 

formation  of  connective  tissue  from, 
104 


relation  of,  to  mesotbelluni,  115 
secretory  powers  of,  71 

selective  filtration  by,  112 
Energy,  cell.  65 

transformations  of,  in  living  processes, 
78 
Engelken.  on  adenoma  of  kidney.  644 
Enostoses,  746 
EnteriLis,  catarrhal,  acute,  550 

catarrhal,  chronic.  561 

croupous,  551 

diphtheritic,  551 

exudative,  653 

follicular.  561 

mcmbmiiouB.  551 

no<lular,  661 

pseudomembranous,  551 

suppurative,  552 

syphilitic,  558 

tuberculous,  553 
Enlerolitha,  568 
Enzymes,  bacterial,  149 
Eosinopliile  cells,  378 
Ependynia.  cysts  of,  781 

lesions  of,  778 

method  of  hardening,  IS 

parasites  in.  781 

tumors  of,  781 
Ependymilis,  acute,  778 

chronic,  779 
Epicardiul  bbrous  nodules,  433 
Epididymitis,  718 
Epispadias.  718 
Epithelioma  (see  Carciaoma),  843 

adainaulinuni,  849 

giant-celled.  346 
-.  846 


prickle  cells  it 
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EpiUiellum,  Tegeneration  of,  101,  119 

Epulis,  317 

Erdheim,  on  thyroid.  414 

EriM,  on  metastasis  In  chondroma.  836; 
on  Pacchionian  bodies.  766 

Eriut,  IL.  on  Ehrllcha  hypothesis,  106 

Erosions,  hemorrhagic,  of  stomach.  541 

Erysipelas,  308 

Erythrocytes,  changes  in  <see  Blood),  8T8 

ErytbrosiD  stain  for  nerve  cells,  838 

Etawich  and  PfauiulUr.  on  B.  coli  com- 
munis, 311 


I,  484 

Ether  poisoning,  35? 

Btieiine,  OD  tuberculous  endocarditis.  447 

Eyleiibtrg,  on  Basedow's  disease.  362 

Miring,  Clinical  Pathology  of  Blood,   ref. 

881:  on  adipocere.  5:    ud  bacteria  in 

smallpox.  27d:  on  changes  of  blood  in 

hepatic  disease,  60S :  on  ganglion  cells. 


804 :  on  ganglion  cell  lesions  iu  typhoid, 

28S;  on  reucoeytosia,  380;  on  lymphr"- 

titutlon.  49,  868:   on  ma^rial 


phritis.  629:  on  persistent  thymus,  413; 

on  sudden  death,  49 
Ea>ing  and  Slrauti,  on  precipitin  test  for 

b1oo<l,  192 
Exauthemala  as  types  of  contagious  dis- 

eases.  171 
Exophthalmic  goitre,  862 
ExopLthalmkis,  363 
Exostoses,  731,  74H 
Extra-uterine  pregnancy.  708 
Exudate   in   iuflammation.   73,    110,    US, 

116,  136,  199 
Exudative  Inflammation,  110,  US 
Eyes,  post-mortem  removal  of,  16 

F'tlk»r,n,  on  tumor  of  pineal  gland,  886 
Fallopian  tubes,  700 

tubes,  absence  of,  700 

tubes,  chanscs  in  position  and  size  of, 
700 

tubes,  closure  of.  700 


linu,  post-mortem,  of, 

tubes,  htemorrha^e  of,  701 

tubes,  hydrosalpinx,  700 

tubes,  in  extra-uteri ue  pregnancy.  708 

tubes,  Inflammation  of  (see  Salpingi- 
tis), 701 

tubes,   malformations   and    malpost- 
tioua  of.  700 

tubes,  pyusatpinx.  702 

lubes,  tuntors  of.  703 
Fallii.  on  gangrene.  91 
Fiiltin.  OD  bacteria  In  urinary  passages, 

Fiiivin  de  bavf.  235 

Parov,  219 

F-in',ier.  on  atypical  milosls  in  tumors.  303 

Farner.  on  Basedow's  disctisc.  362 

Fat,  detection  of,  in  blood.  388 


lEX.  8S5 

Fat  emboli,  884 

necrosis,  93 

regeneration  of,  lOS 
Patty  degeneration,  80 

infiltration,  81 
Favus,  160 

Fehleisen,  on  streptococci  in  erysipelas,  808 
Ferunnenoda,  on  cysts  of  placenta,  688 
Pinviek,  on  hair  lialls  in  stomach,  546;  on 

sarcoma  of  stomach.  548 
Fermentation  by  bacteria,  149 
Ferment,  flbrin-forming,  113 
Ferments,  cytolytic.  116  (see  Cytolyds), 
183 

in  pathology,  ref.  116 
Fever,  catarrhal  epidemic,  335 

famine,  365 

hospital,  371 

luflammatorr,  308 

C-  ",  371 
Ita,  265 

puerperal,  308,  674 

relapsing.  360 

scarlet  (see  Scarlatina),  377 

seven-day,  365 

ship.  371 

spirillum,  365 

epleoic,  231 

spotted,  132.  271 

suppurative.  308 

surgical.  203 

tick,  183 

typhoid,  327,  S64 

typhoid,  leucocytoals  of,  879 

typhus,  371 

yellow.  273 
Fibrin,  formation  of,  in  blood  clot,  70 

formation  of,  in  exudates,  113 

formation  of,  In  inSammation,  113 
Fibroblasts,  104,  118 
Fibroma.  306 

intracanallcular,  811,  707 

mollusc  urn,  809 

cedematous.  809 

of  appendix,  668 

of  bladder,  uriuarr,  658 

of  bone,  745 

of  brain,  888 

of  bronchi,  481 

of  dura  niaU'r  cerebratis,  765 

of  dura  maler  spinalis.  776 

of  ependynia.  TO  I 

of  Fallopian  tube.  703 

of  gall  bladder  and  ducts.  613 

of  beart,  447 

of  intestines.  566 

of  joints,  753 

of  kidneys.  643 

of  larynx.  470 

of  liver.  606 

of  luug.  530 

of  lymph  nodes,  400 


707 
male,  735 
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hroma  of  lESOphagUB.  5S3 
or  ovaries,  691 
of  parotid,  576 
of  peois,  Tld 
of  pericardium,  423 
of  peritonouiti.  5i3 
uf  pharynx,  529 
of  p<a  mater  cerebralis,  774 
of  pia  mater  spinalis,  777 
of  pleura,  47S 
of  salivary  glaada.  376 
of  acrotum,  715 
of  spiaal  <^ord,  8S4 
ofspleea.  411 
of  stoniacli,  541 
of  testicle,  730 
of  tougiie.  525 


s,  675 
a,  663 
1,  660 


Ftexner  and  Barker,  on  epidemic  cerebro- 
spinal meningitis,  319 

Flexner  and  Pmra,  on  experimental  pan- 
creatitis, !m 

Flies  as  carriers  of  typhoid,  ref.  168,  287 

Flockmann.  ou  pulinonavy  syphilis,  530 

flugge.  niicro-orguuiBma.  288 

Flukes,  183 

Focal  necrosis,  91,  2U1.  282,  260,  378 

FtetaliDfection,  169 

Ftetiis,  riie  of,  at  various  periods,  89 

Ford,  on  bacteria  of  healthy  organs,  162; 
ou  intestinal  bacteria,  S60 

Formaldehyde  and  formol  (see  Formalin). 
53 

Formalin,  use  of.  as  fixative,  52 

Fomytli,  on  Haffkine  plague  preventive 
iti(x;n1atioo,  267 

Pbvltrtvu,  on   pathogenic  blastomycetes. 


Fibrosis,  133 

Fibrous  tissue,  regeneration  of,  103 

Fu-krr,  on  liies  aii3  typhoid,  237 

Filaria  in  lymph  nodes,  400 
medineasis,  140 
sauguinis  homiois,  141,  384 
sanguinis  hominis  in  bladder,  urinary, 

6.W 
sanguinis  in  kidney,  647 

filarial  lymphatic  vnrix,  141 

FiiKlier.  hair  ball  in  stomach,  546 

Firlh,  on  bacteria  in  air,  103 

FiKhl.  on  ftflal  infection,  169 

FifKher,  on  false  diverticula  of  intestine, 
546 

Pish  poisoning.  358 

Fistula,  liraneliial,  536 
vaginal,  662 

FiU.  on  cysts  of  panci'eas.  QS2;  on  dilata- 
tion of  colon,  549;  on  diseases  of  pan- 
creas, 580 

Firitteiir,  198 

Fixation  of  agglutinin.  190 

of  immune  sulistancc  by  red  cells.  184 
of  tissues,  50.  51,  61 

Flagclla  of  bacteria.  144 
<)f  malarial  parasite,  2«1 

Flechug,  on  spinal  cord.  818 

Flemmtng's  osmic-udil  mixture,  .'i3 

FUtelifr.  ou  tuberculous  cavilies  In  liver, 
604 

Ftij^iier.  on  ulirin  and  ricin  Intoxieution, 
201;  on  agglutinative  thrombi,  75;  ou 
cardiac  degeneration  in  toxipinia,  485; 
on  connective  tissue  in  ctrriiosis  of  liver, 
507;  on  dysentery,  556:  on  experimen- 
tal pancreatitis,  580:  on  focal  typhoid 
lesions,  338;  on  lesions  of  plague.  266; 
on  leucolvtic  sera,  185;  on  lymphosar- 
coma, 390;  on  neuro-epithelioina,  346; 
un  peritonitis,  571 ;  on  syphilis  of  stom- 
ach. 588;  on  terminal  Infections.  160; 
on  toxalbumln  Intoxication,  166,  303; 
on  tuberculous  <cs<)p]iafritis,  533;  on  ty- 
phoid bacilli  in  body,  3^6 

Flexntr  iiiul  Anderson,  on  diphtheria  bacil- 
li in  lungs,  361 


159 

Fractures,  healing  of,  727 
intra -uterine,  40 

Wiiienkel,  ou  corpus  luleum,  691 
on  hydatid  moles.  688 
pneumococeus  of ,  218,  489 
Franci»,  on  trypanosomu,  130 
Freebont,  formula  for  picro-acid  fuchsin 

stain,  59 
Freeman,  ou  focal  necrosis  in  measles,  378 ; 
on  oysters  ami  typhoid,  237;  on  small- 
pox bibllographv,  377;  on  typhoid  and 
milk,  387 
Frielierger  and  Frohner,  on  pathology  of 

domestic  animals,  388 
Friedt'inifer,  bacillus  of,  212 
FriedmiDin  and  Minis,  on   extirpation  of 

hypophysis,  367 
Friedreieh,  on  Friedn-ich's  ataxia,  820 
F^g,  mesentery  of,  tor  study  of  inHam- 

mation,  110 
Frozen  sections,  methods  for,  50 
Fuchslu  as  stain,  59.  153,  347 
Fiierst,  on  cell  regcueratioD,  802;  on  giant 

cells.  116 
fungus  hssion   148 
mould    143   159 
poisonmK  8S6 
"ra^  "234 
J  east    1 50 
Furuncle   199 
huttti  er  on  transplantation  of  cells.  296 


of  the  iutestineij. 


(hillireidtn   < 
5)0 

Gall  bladder  calculi  of  613 
bladdei   dilatation  of,  613 
bladdu    lufecticins  of.  612 
bladder  inflaniinatmn  of.  610 
bladder  kstons  of  610 
bladder  tumors  of  612 
duLts  abscesses  of  611 
duLts   calculi  of  013 

ducts  dilatation  of  612 
duct"  infection  of  612 
ducts  inflammation  of,  610 
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Gall  ducta,  leaious  ot,  610 

(luctB.  iiew-fonned.  In  cirrhosis,  f 
dupts,  occlusion  of,  eiS 
ducta,  tumors  of.  613 


614 

Osmboge  poisoning,  S55 
GamuU  in  malarial  parasite.  382 
Ganglia,  semilunar.  po3t-mort«m examina- 
tion of.  83 
GaoglioD,  plexiform,  in  rabies.  370 

cells  (see  Neurouest  797 
Oangreoe,  90 

diabetic,  ref.  864 

dry.  01 

embolic,  77 

emphysema  Co  118.  268 

of  appenili.t.  564 

of  luDg.  487 

of  month,  533 

of  pancreas.  580 

of  vagina,  668 

of  vulva,  860 

senile,  ref,  HI 
"Gas  bacillus."  2«7 

phlegmon.  368 

formation,  post-mortem,  S 

formation,  postmortem,    relation  to 
B.  aCrogcues,  367 
Gastritis,  acute  catarrlial,  585 

chronic,  585 

croupous.  nST 

diphtlieritlc.  587 

exudative,  537 

membranous,  587 

phlegmonous,  5S7 

Buppurative.  537 

sypliilitir,  588 

toxic.  338 

tulwrculoiis.  538 
one   ^ 

IS  culture  me<li 
Gemmiiles  in  nerve  cells,  799 
General  diseasi-H,  861 

patliolog.v.  67 
Generative  organs,    female,  post-mortem 
examination  of.  84 

organs,  female,  preservation  of.  86 

organs,   male,  post-mortem  examina- 
tion of,  84 

organs,  new-born,  post-mortem  exam- 
ination of,  43 
Genito-urinarv  organs,    post-mortem  ex- 
amination of,  84 
Gentian  violet  In  Gram's  stain.  153 
Germicides,  action  of,  mi  bacteria.  148 
Genus.  148 
GeriihiiiAit,  on  dermoid  Tumors  of  penis. 

715 
GinnnetUiino,  on  tumors  of  umbilicus,  574 
Giant-cell  epithelioma.  346 
Giant-cell  sarcoma.  816 
Giant  cells.  98,  116 

in  endotliellnma,  ref,  335 

Id  tubercle.  243 


fectlons,  612 
GitfhnH.im  blastomycetes.  150;  on  tumor 

parasites,  801 
Glanders.  210 

Glands.  Nabothian,  ectasia  of,  672 

regeneration  of.  103 
Glioma,  837 

of  adrenals.  418 

of  brain,  833 

of  epeudyma,  78X 

of  spinal  cord,  834 
Gllo-myxoma,  828 
Glio'sarcoma,  328 

Olockuer,  on  endothelioma,  825;  on  endo- 
llieliomaof  pleura,  475;  on  giant  cells 
in  endothelioma,  325 
Glossitis.  525 
Glottis,  (Edema  of,  468 
Glucr>ae.  lu  culture  media,  155 
Glage't  corpuscles,  796,  838 
Glycogen  inliltratiou,  84 
Glycosuria,  364 
Goitre,  414 

exophthalmic.  363 
Oonococcus,  316 

cultures  of,  217 

in  rectal  intlammation.  563 
GonoiTha?a,  316 
Ooudale,  on  tonsillitis,  528 
Oopfm-t,  on  thymus  hyperplasia,  891 
(joriUiUer  and  Lartigau,  on  typhoid  ba- 
cilli in  empyema.  474 
GiiCinfeiii.  on  bacteria  in  air,  162 
Goui.  son 

joint  lesions  in,  751 
Graafian  follicles,  cysts  of,  697 

follicles,  liiemorrhage  of,  669 
Onif,  on  periarteritis  uodosu.  454 
Griikain,  on  displacements  of  liver,  583 
Gmh'tm-Smith,  on  diphtheria  bacillus  in 
healthy  mouths,  363;   on  test  for  blood 
precipitin.  193 
Omiii't  method  of  staining,  153 
Granulation  Ussue,  118 

tissue,  abnormal,  120 

tissue,  iu  Infection,  ref.  168 
Granuloma,  infectious,  800,  807 
••Grusii  bacillus,"  258 
Graves'  disease.  363 
Gray  hepatization,  491 
dre'i'iioniih  and  Ilartirfll,  on  cystic  hyper- 
plasia of  mamma,  TOO 
Gregarinie,  181 

Grigidi.  i>n  aneurism  of  coronary  arteries, 
45y 

on  dilatation  of  colon,  540 
Grippe  (see  Inlluenza),  335 
Griibcr,  on  pleurn  as  portal  of  entry   for 

bncteria.  500 
Gu.wieri,  vaccine  bodies  of,  276 
Oiiinca-H-orm,  140 
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Oummata,  miliary,  SK 
of  liver,  602 
of  mamma.  706 

of  t«gtlcle,  720 
Gvthrie,  od  tuberculosis  in  childreD.  362 
Guy  and  Perrier,  Forensic  Medicine,  366 
Gwyii.  on  typhoid  bacilli  in  urine.  286 

H^.MANOIOUA.  S38 

Hnmatocele,  669,  717 
HsmatogenesiB,  defective.  374 
Hfematogenous  pigment.  S7 
HsmatoidiD,  374 
HEematolysis,  874 
HKmatoma,  70 

of  pia  mater  cerebraiis,  778 

polypoid,  of  uterus,  669 
Hsmatometra.  066 
Hsmatoinyelia.  793 
Hfematomyetopore,  794 
Hematoxylin  as  staining  agent,  68 

Welgerfa  method,  888 
Hteoiatozoa  of  malaria,  370 
HEemoclironiatosis,  88 
Haimoglabln,  87 
Hsmoglobinsemia,  378,  874 
Htemoglobinuria,  374 
Hcmolympli  nodes.  400 
Hemolysis,  87,  183 

by  streptococcus,  ref.  207 
HKmophilia,  71 
Hemorrhage,  6S 

capillary,  in  brain,  780 

In  adrenals.  417 

in  bladder,  urinary,  649 

in  bones,  728 

in  brain,  78B 

n  bronchi,  476 

n  dura  mater  ccrebraUs,  768 

n  dura  mater  spinalis.  776 

n  Fallopian  tubes,  701 

n  f<etal  head  during  labor,  40 

n  heart  valves.  431 

u  intestines.  S50 

n  liver.  584 


n  muscle.  759 

n  new -bom.  71 

n  a?sopliagus.  530 
in  ovaries.  689 
in  pancreas.  579 
In  penis.  714 
In  pericardium,  419 
in  pia  mater  cerebraiis,  767 
In  pia  mater  spinalis.  767 
in  pineal  gland,  837 
'a  placenta.  686 

D  pleura.  471 
in  spinal  coi'tl,  792 
'n  stomach,  534 

u  tliymus,  413 

in  uterus.  668 

vulva,  659 

Heemorrliajcic  diathesis.  71 

Infarction.  76 

"   '      ion.  367.  ref,  367 


Hiemosiderin.  87,  S74 

Hfemosporidia,  133 
in  malaria.  379 

Hsmotoidin.  9% 

Hemotoxic  serum.  183 

Baffkine't  preventive  inoculation  in  Asia- 
tic cholera,  340 
preventive  inoculation  in  plague.  266 
preventive   inoculation    in    typhoid. 
237 


483 

SaUibuTlon,  on  bacterial  products,  164 
Hamiltoit,  on  files  and  typhoid,  103:  OD 

heart  rupture,  437 
Band,  on  bronchial  lympb-oodes,  482:  on 

tuberculosis  in  children.  262 
Hanging,  lesions  of,  7,  44 
Bamenuinn.  on  tumors.  803 
Huptines,  179 

Haptopborous    groups   in    Ehrlich's  hy- 
pothesis, 178 
Hardening  of  tissues,  51 
Barr,  on  tumors  of  mediastinum,  031 
Havicr.  on  fibrin.  112 
-Hay  bacillus."  358 

Baj/ein'*  solution  for  blood  fixation,  383 
Head,    examination,  post-mortem,  of.  9, 

80 
Healing  of  wounds,  117 
Heart,  433 

abnormalities  of.  428 

abscess  of,  488 

aneurism  of,  481 

aneurism  of  coronary  arteries  of,  469 

anomalies  of,  438 

atrophy  of,  438 

calcification  of.  421.  446 

chords  tendincEE,  abnormal,  of,  436 

clots.  23,  432 

coronary  arteries,  examination  of.  34 

coronary  arteries  of,  lesions  of,  436 

degenerations  of,  434 

dilatation  of,  480 

displacements  of.  428 

dissecting  aneurism  of,  ref.  468 

embolism  of.  437 

embolism,  infectious,  of.  437 

endocardium,  degeneration  of,  435 

encliK'Qnlium.  Inflammation    of    (see 
Endocarditis).  441 

fragmentation  of  muscle  in,  436 

hyperplasia,  fibrous.  488 

hypertrophy  of,  439 

hypoplasia  of,  368,  425 

inmntile,  41 

infiltration,  fatty,  of.  435 

inflammation,  acute,  of,  487 

inflammation,  chronic,  of.  438 

inflammation,  conncoccal,  437 

infiamraation  or.  437 

malformations  of.  433,  435 

new-boru,  post-mortem    examination 
of.  41 
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igmeDt  Id,  428 

polypi,  488 

position  of,  31 

preeervattoQ  of,  24 

post-moricm  cxaminatioD  of,  21,  23 

reptiliuD,  428 

rupture  of,  427 

segmeDtatloD  of,  muscle  to,  486 

septa,  abnormal,  424 

sudden  deatli  in  lesions  of,  ref.  ^8 

syphilis  of,  441 

thrombi,  forms  of,  28 

thrombi,  organized,  488 

lbromt>i,  tumor,  4a4 

thrombosis  of.  482,  488 

tuberculosis  of,  440 

tumoi's  of,  423,  447 

valves,  aneurism  of,  431 

valves,  cnlciScation  of,  444.  446 

valves,  fenestration  of,  48U 

VEilves.  biemorrhage  In,  431 

valves,  tesioiis  of,  480,  486,  441 

valves,  test  of  sulflclencj,  22 

weight  of.  24.  429 

wouods  of,  426 
Heat  eiibaustiuD,  865 
Heiman,  on  chest  serum  agar,  317 
Heim.  on  origin  of  fllirin,  472;  on  phago- 
cytic power  of  liver  endothelium,  (i88 
Hek  lotii,  on  cardiac  anomalies,  425 ;  on  dis- 
secting aneurism  of  heart,  458 ;  on  giant 
cells,   116;   on  infections  of  unknown 
origin,  287 ;  on  segmcDtation  of  myocar- 
dium, 486 ;  on  yeasis  and  moulds  ra  dis- 
ease, 161 
Bektoeit  and  Herrick,  on  sarcoma  of  liver, 

607 
Ilflbig,  on  rhabdomyoma,  880 
IMd'i  nerve-tissue  stain.  88ft 
Hellebore  poisoning,  855 
Hematocele,  669.  T17 
Hepatitis,  exudative,  598 

interstitial,  chronic   (see   Liver,  Cir- 
rhosis otj,  5S5 

peri-.  604 

purulent,  ,^3 
Hepatization  iif  lung,  400 
Hejmtogenous  pigment,  88 
Hcpatolytic  scrum.  185 
Hep/iuer,  on  hermaphroditism,  718 
Ileiilniiia  ami  Hojfce,   on  ovstera  and  ty- 
phoid. 387 
Hereility  in  cells,  6B,  97 
Hcrmtiphrmlitisin,  713 
Hernia,  S49 

of  bladder,  urinary,  643 

of  broin,  783 

of  intestine.  549 

of  lung,  482 

lentum,  549 


ofo 


i,  689 


of  uterus,  fi 
of  vagina,  661 
Herpes  of  prepuce,  714 


Eerring,  on  development  of  glomeruli  ot 
Itldney,  62S 

fferter,  on  chemical  pathology,  859 

Rerxheimer,  on  dead  tubercle  bacilli,  S60; 
on  tubercle  formation,  243 ;  on  tumors  of 
liver  with  ciliated  cells,  606 

HeM.  on  cysts,  307 

Heterotopia  of  cells  tu  tumors,  298 
of  spinal  cord,  788,  784 

V.  Hctikelom,  on  experimental  cttrhosis  of 
liver,  801 

Hewlett,  on  typhoid  bacilli  in  blood,  386 

Heyn,  on  renal  tuberculosis,  688 

iwn  Uiljler,  on  gonococcus,  217 

Biiilie  and  LubavKh,  on  eliminattoD  of 
bacteria,  168 

Eiitch,  on  Streptococcus  enleritidis,  560 

Bit.  length  of  foitus,  89 

BiM,  on  capsules  of  streptococci,  206;  on 
capsule  staining  of  pneumococcus,  31S: 
on  charactergof  typhoid  bacilli,  238;  on 
typhoid  bacillus,  326 

BU»  and  Atldruen,  on  antitoxin.  I7S 

Bim  mid  RiiMeU,  on  characters  of  typhoid 
and  colon  bacilli,  288;  on  B.  dysenteria, 
556 

Bodenpyl,  on  absence  of  spleen,  403;  on 
actinomycosis  of  lung,  228 ;  on  anatomy 
and  physiology  of  tonsils,  536;  on  ap- 
peudicitis,  565;  on  frozen  section  meth- 
od, 51 ;  on  lung  pigment,  503;  on  tuber- 
culosis, primary,  of  pleura,  474 

Hodgkiu's  disease,  890 

Hoeii,  on  degeneration  of  muscle  of  uvula, 
758:  on  lesions  of  uvula.  027 

Bnfmeiei;  ou  placenta,  688 

Hog  cholera,  267 

Boinen.  on  streptococcus  toxin,  208 

Hoolilets  ot  tapeworm,  186 

BojitfU.  on  tumors  of  tonsil.  580 

Boiriirit,  ou  B.  pneumouiie,  212;  on  bacte- 
riology of  rhinitis,  467;  on  cardiac  hy- 
pertrophy, statistics  of,  480:  on  htemor- 
rliagic  «;pticiEmia,  369;  on  typhoid 
lesions.  233 

Buvtiiil  inid  Booeer.  6a  tropical  abscess  of 
liver.  694 

llowsliip's  lacunw,  733 

Biiekd,  on  cell  degeneration  in  smallpox, 
etc,  276 

Butp/if.  Principles  ot  Bacteriology,  ret. 


B'lg'ieiiiii,  ou  bacteria  in  vaccine  Ivmph, 

275 
Bui-don,  on  endothelioma  ot  cervix,  670 
B'ltfliiiieoii.  un  vulnerability  of  ape.t  of 

lung.  516 
Hyiiliiie  degeneration,  86 

thrombi.  75 
Hydatid  moles,  688 
Hydatids  of  tiiiwworms,  135 
Hydm-mia.  873 
Hyilrencephalocele,  782 
Hyilroeele  of  jiropcsHus  vagiualis,  716 
of  speruiatic  cord,  717 
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Hydrocele  of  tuoica  vaginalis,  716 
Hydrocephalus,  1~2.  77S,  780 

coiigenital,  780,  183 

nictbod  of  removing  brain  in,  40 

primary,  781 

secoudary,  780 

Hjdrometra,  685 
Hyclromyelia,  783 
Hydroneplirosis,  640 
Hydropericardiuni.  4  IB 
Hydrophobia  (see  Rabies),  260 
Hydropic  degeneration.  84 

iiiHltration  of  muscle.  758 
Hydropueumo thorax,  471 
Hydrops  cystidis  felleo',  613 
Hydrorrliacbis,  788 
Hydrosalpinx,  700 
Hydrostatic  test,  41 
Hydrothorax,  471 
Hymen,  anomalies  of,  659 
Hypencmia,  68 

of  bladder,  urinary,  649 

of  bones,  726 

of  brain,  788 

of  Intestine,  550 

of  kidneys,  617 

of  liver,  584 

of  lungs,  483 

of  ovaries,  fiSfl 

of  ])ia,  mater  cerebralis,  767 

of  spleen,  405 

of  thyroid.  414 

of  uterus,  668 

of  vulvn,  fl5!t 
Hypernephroma  of  kidneys,  644 
Hyperostosis,  T46 
Hyperplasia,  98 

cystic,  of  momma,  706 

g1an<lidar,  of  endomi'triuin,  670 

of  epithelium  of  liMder,  651 

of  flhroua  tissue,  131 

of  heart,  440 

of  liver,  5«5,  604 

of  lyinph-nodc3,.S94,  S09 

roella,  807 

LT  3  palche= 

H'ti.  406.  41 

of  thyroid,  414 

rt-plai-emeiit,  132 
Hyiierplastic  tuberculosis,  561 
HypiTtrophy,  98 

comiiunsatory.  98.  99.  rt'f.  106 

of  bladder,  urinary,  648 

of  blon<i- vessels,  447 

of  braiu,  788 

of  heart,  429 

of  kidneys,  616 

of  mamma,  706 

of  muscle,  756 

of  pineul  gland,  887 

of  pituitary,  «(7 

of  prostate.  732 

pscudo-,  of  muscle.  756 

of  Ihymiis,  413 
Hypluc  of  moulds.  159 
Hypbomycctes,  1 18,  130 


Hypoleucocytoris,  380 
Hypophysis,  extirpation  of,  ref.  887 

in  acromegalia,  867 

lesions  of,  637 
HypospndiBS,  713 
Hypostasis,  post-mortem,  1 
Hypostatic  congestion  of  lumg,  498 

IcB-CREAU  poisoning,  858 

Icliortemia,  203 

Ichthyosis,  523 

Icterus,  88 

Identiflcati()n.  post-morteni.  4 

Ileo-creeal  tubercidosis,  hyperplastic,  561 

Immune  body,  184 

substance,  183,  184 
Immunlly,  167,  171 

actiuired.  172 

active,  174 

antibacterial,  173,  181 

antimicrobic,  173 

antitoxic,  178,  175,  208,  262.  264 

anilicial,  inductiou  of,  173,  181,  287, 
240,  266.  270,  274 

as  an  adaptatlve  process,  189 

bactericidal,  181 

biicleriolytic,  178,  181 

bibliography  of,  189 

cellular,  173 

delluition  of,  171 

hereditary,  172 

humoral,  173 

natural,  173 

natural,  elements  of.  163 

nature  and  forms  of,  171 

passive,  174 

specific  charactwr  of,  184 
IminuntZBtiou,  artificial,  173 

artificial,  mo<les  of,  173 

as  a  pliasc  of  adaptation.  188 

complexity  of,  195 

natural,  172 
Incarceration  of  Intestine,  547 
Indigo  Bidpliaie.  poisoning  by.  351 
Infarclion,  70,  70,  77 

or  intestine,  550 

of  kidnevs.  617 

of  liver, '586,  587 

of  lungs,  484 

of  muscle.  759 

of  placenta,  686 

of  spleen,  405 
Infection.  164.  167 

albuminous  defeneration  in,  79 

complex  agencies  iu.  166. 

complex  nature  of,  168 


concurrent,  In  pneumonia,  494 

concurrent.  In  tii1)ereulosis.  353.  516 

concurrent,  in  typhoid  fever.  233 

cmditions  of,  166 

om^euital,  ref.  163,  160 

coolmg  of  body  in,  ref.  500 

definition  of,  171 

forms  of,  168 

litemorrhaglc,  367,  368.  ref.  867 

luBusceptibility  to,  173 
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Infection,  intra- uterine,  ref.  168 
latent,  ret.  IM 
Icucocytofiis  JD,  379,  380 
local  prediBposition  to,  ref.  16S 
mixed.  168 

mixed,  in  pulmonary  tuberculosis.  616 
modes  of,  163 
nature  of,  164,  107 
predisposition  to,  1ST 
proofs  of.  165 

pseudomembranous  inflammation,  200 
puerperal,  671! 
purulent,  208 
relation  of  multiple  sclerosis  la  ner- 

spieen  in,  ref.  163,  ref.  407 
sub-,  ref.  164 
terminal,  160 

tbrougli  granulatioD  tissue,  ref.  168 
nouiid,  experimental  studies  on,  ref. 
168 
Infectious  agents,  specificity  of,  ref.  176 
ai^ents.  trausraission  of,  169 
■  ■■   ■  ■  nof,  107.  171 


dise 


I,  197 


1,  bibliography  of,  388 

discuses,  classification  of,  170,  107 

diseases,  communicabllity  of.  1S9 

diseases,  conditioas  favoring,  166 

diseases,  deSoltion  of,  167 

diseases,  general  consideration  of,  197 

diseases  of  unknown  origin,  287 

diseases,  predisposition  to.  166 
Infiltration,  calcareous,  87 

fatty,  81 

fatty,  of  beart,  43S 

fatty,  of  liver,  BOO 

glycogen.  84 

liydropic,  of  muscle,  TS8 

serous,  84 
Inflammation,  107 

catarrlial,  133 

cbaructcrization  of,  126 

conservative  nature  of,  124 

croupous,  200 

definition  of,  127 

exudative,  110.  113.  132 

fibrinous,  128 

feneral  survey  of,  123 
Kinorrhagic.  123 
infectious,  113,  128 
in  noD-vssci'lar  tissue,  108 
in  organs  (see  Various  Organs) 
interstitial.  131 
in  vascular  tissue,  108 
muco  puruleut,  128 
mucous,  128 
necrotic,  133,  133 
pliases  of,  122 
productive  122,  128 
pseudomembranous.  309 
pseudomembranous,  diphtheritic,  300 
purulent,  133 
regenerative,  123 
reparative,  122,  128 
resolution  in,  116 
scrofulous,  897 


Inflammation,  sero-purulent,  133 

serous,  128 

significance  of,  128 

special  phases  of,  132 

suppurative,  120,  128,  108 

syphilitic,  2.56 

tuberculous,  241 

tuberculous,  diffuse,  245 
Influenza.  335 

bacillus  of,  326 
Infusoria,  188 

Inhibition,  sudden  death  from,  49 
Insects,  143 

rOle  of,  in  infecllon,  163 
Insolation,  865 
Intermediary  bodies,  188 
Internal  secretions*  360,  861,  368 
lDl«siinal  cpltlieliuni,  regeneration  of,  ref. 
560 

mycosis,  232 
Intestine,  large  (see  Colon),  554 
Intestines,  546 

anthrax  of.  504 

as  portal  of  entry  of  tubercle  bacilli, 

bacteria  in,  ref.  560 

cloacie,  546 

concretions  in,  588 

degenerations  In,  550 

discol orations,  post-mortem,  of,  80 

diverticula  of,  546 

embolism  of,  660 

examination,  post-mortem,  of,  30,  80, 
43 

beemorrbage  of,  560 

hernia  of,  549 

Hodgkia't  disease,  lesions  of,  in.  666 

hypertemia,  550 

incarceration,  547 

infarction,  hiemorrhagic,  of,  550 

InflamniHtion  of  (see  Knteritia),   650, 
(und  Colitis).  564 

intussusception  of,  547 

lesions  of.  in  typhoid  fever.  238 

malarial  lesions  of,  385 

malformations  of,  546 

mycosis  of,  554 

parnsitefl  of,  568 

permeability  of  walls  of,  for  bacteria, 
570 

polyps,  of,  566 

post-mortem  changes  in,  80 

preservation  of.  81 

ruptures,  550 

strangulation  of,  647 

thrombosis  of,  550 

transposition  of,  646 

tuberculosis  of.  552 

tuberculosis,  hyperplastic,  of,  561 

tumors  of,  566 

ulcers  of.  553,  656,  067,  059 

woun<ls  of,  550 
Intoxication,  nature  of,  168 

septic.  164 
IntracanalicuUr  fibroma  of  mamma.  707 
Intussuscejition  of  intestines,  547 
Involution  forms  of  bacteria,  144 
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Iodine  test  for  amyloid,  3S 
Iron,  luetnatoxjltn,  58 

teats  for,  Id  pigment,  68 
Isolyste,  tsa 
"Itch  insect,"  143 

Jaeobi.  OD  cysts  of  otnentum,  074 
Jaeobton,  on  tiair  bells  in  stomach.  546 
*  Jaecbithal,  on  infantile  scurry,  S66 
Jaa^,  on  sutolysls  and  ferments,  9S:  on 

fenncnts  in  patliology,  116 
Jaeger,  on  agglutination  of  D.  intr&cellU' 

laris  meningitidis,  219 
Jail  fever,  371 


nary  artbropathy, 
Janoatki,  on  suppuration,  201 
Jaundice,  88 
Jaw,  malformations  of,  G22 
Jdliffe,  death  from  electricity.  47 
Jeniter  stain,  888 

Jenap,  on  carcboma  of  appendix,  S88 
Jochmann,    on    excitants    of    whooping- 
cough,  278 
Joints,  749 

cartilages  loose  In,  708 

degeneration  in,  749 

false.  728 

Jntlammation  of  (Bee  Arthritis),  749 

loose  bodies  In,  708 

tuberculosis  of,  751 

tumors  of,  703 
Joptoa  and  WhiU,  on  sarcoma  of  large  in- 
testine, n67 
Jordan,  on  osteomyelitis,  786 
Jintt,  on  arteriosclerosis,  401 
Jdrgeman,  on  ferments,  159 
Jomerattd  and  Bonnet,  on  BUpputatiT«  my- 
ocarditis, 437 
Jurgdanaa,  on  wound  Infection,  168 

t>.  Eahldtn,  on  cysts  of  oraries,  696 
Kaiserling's  fluid  for  color  specimens.  61 
JiaibU,  on  bacteria  in  lymph-nodes,  892; 

on  periarteritis  nodosa,  404 
Kuryokinesis,  97 
Earyolysis,  90 
Karyomitosis,  97 
Earyorrhcxis,  90 
Kedroietky,  on    emphysematous   cystitis. 

652 
Keen,  on  surgical  complications  of  typhoid 

fever,  386 
EeUy,  on  liypemephroma  of  kidneys,  644 ; 

on  tumors  of  appendix,  668 
Kelyniifk,  on  lesions  of  appendix,  665;  on 

tumors  of  kidneys,  644 
Keri,  on    complications  of  acute   lobar 

pneumonia.  403 
Kidneys,  615 

abscess  of,  622 
albuminuria.  618 
aoiDraia  of,  617 
atrophied,  634 


Kidneys,  bacteria  in,  624,  639 

calciflcatton,  633 

calculi  of,  648 

casts  in,  616 

changes  in  portion  of,  616 

circulatory  disturbances  In,  617 

congestion  of,  617 

cysts  of,  641 

degenerations  of,  619 

elimination  of  bacteria  from,  639;  ref. 
Ai^h,  634 

elimination  of  pigment  by,  ref.  Car- 
Ur.  634 

embolism  of,  617 

examination,  post-mortem,  of.  37,  41 

glomeruli,  derelopment  of,  ref.  Her- 
ring, 636 

BTSuular,  634 

norseaboe,  615 

hyaline  globules  in,  616 

hydronephrosis,  640 

hyperemia  of,  617 

hypertrophy  of,  616 

mfarctton  of,  617 

infection,  ascending,  of,  693 

infection,  embolic,  of,  638 

ioQammation  of  (see  Nephritis),  623 
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gonorrlKtw.  216 

laneeolatUB  (sec  Poeumococcus),  218, 
480 

laiicenlatua,  characters  of,  214 

inelitensls,  265 

pyogenes  aureus,  204 

tetragenus.  212 


Mic: 


■,  190 


■ytes,  ISO,  875 
Mirrogametc  in  malarial  parasite,  282 
Slienm.  definition  of.  144 
Micro-organisins  {see  Uucleria),  148 

"nltranilcroBiopic,"  287 
Micnispomn  furfur.  160 


Wier 


■.  87 


Mifrzhi'mki.  on  gall-siones  and  micro- 
gitnisms.  614 

Mi(-<;ehcr.  tubes  of,  132 

Miijimt.  on  gtiUstoiios  and  micro-organ- 
isms, rcf.  614 

Milk  as  cnltnre  medium.  155 
pi'ccipitin  test  for,  192 

MiUer,  on  IwcU'ria  in  uterus,  670:  on  lipo- 
ma of  kidneys,  648;  on  lympli- vessels  in 
lung.  489 

ilih-tftcfi.  on  tul«'rclc  bacilli  in  lyniph- 
noiles.  2.53 

itiiint,  on  embryologlral  Imsis  of  paltiol- 
oirv.  303;  on  retrogressive  processes,  78 

Mmck.  oil  teratoma  of  liver,  fiOH 

MitclirU,  on  foreign  bodies  In  the  appen- 
dix, 56.5 

Milosjs,  95 


Mitosis,  abnormal.  97 

atypical  iu  tumors.  302 

signldcance  of,  97 
Mitotic  ligure,  OS 
Mixed  infection,  168 
Moles  of  placenta,  687 
McilluBC'um  contagiosum,  848 
Monasler.  96 
Moaia,  on  parasites,  143 
Motiomorpbism  in  bacteria,  146 
Monte  and  Brrggrun,  on  chronic  an«emia  in 

infancy,  891 
MiHire.  on  smallpox,  277 
Morbus  niaculosus  neonatorum.  71 
Minf.  on  sarcoma  of  tliyniid,  415 
Morpliino  poisoning.  866 
Morroif.  on  leprosy.  256 
Mume.  on  cirrhosis  iu  eliitdbooti,  600 
MoKcheoiriU,   on   tetanus   autiloxiu   treat- 
ment. 264;   oncarcinoimi  of  appendix, 
568 
Monti;  on  cardiac  tuberculosis,  44(1 
M'iser  and  Cleiueiii,   on  streptococcus  ag- 
glutination. 307 
Motiir/,  on  oysters  and  typhoid,  287 
Mosquito  as  intermediary  liosl  in  maltu'ia, 
281 

in  malaria,  ref.  286 

in  yellow-fever  infection,  278 

iu  lymph- vessels  of  nose.  ref.  467 
Motlier  marks.  883 
Moulds.  143,  159 

as  excitants  of  pneumonia,  499 
Mouth,  bacteria  In.  525 

cysts  of,  524 

inlltimmation  of  (see  Stomatitis),  523 

malformations  of.  522 

micro-organisms  iu,  535 

syphilis  of,  524 

tuberculosis  of,  533 

tumors  of.  524 
Mucous  degeneration.  85 

menibraues,    inflaninmtion.     jiseudo- 
mcmbranous.  of,  309 

membranes,  regeneration  of,  ref.  102 

patch  of  moulli,  534 

patch  of  vulva,  660 
M'lliiiniiu,  on  senility.  78 
Miitr  and  Silehif.  Manual   of  Bacteriol- 
ogy, 288 
M-illfr.'on  abrin   and  ricin    intoxication, 
301 :  oti  natural  immunity,  172;  ou  thy- 
roid, 414 
Mitller's  fluid,  formula  for.  52 
Mummitlcatloii,  91 
Mumps.  574 

Miiitzfi;  on  deciduoma,  685 
Muscle,  754 

atrophy,  lipomatous,  750 

atrophy  of,  754 

atrophy,  progressive,  of.  754 

calciHcatlon  of,  758 

degenerations  of,  157 

embolism  of,  759 

hicmorrhaEe  of.  T-59 

liyperptas»i  replacement  of,  760 

hypertfophy  of,  754 
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infarctions 

lotiltnitioo,  hydropic,  of,  "58 

iutlamniatiaD  of  (see  MyoBltis).  739 

injuries  of,  758 

necrosis  of,  754 

parasiies  of,  761 

pigment  in,  8».  438 

regeneralion  of,  100 

rupture  of,  758 

sypbilis  of.  760 

tuberculosis  of,  760 

tumors  of,  760 
Museum  spcctmcDS,  mclhotl  of  prc|mring. 

60 
JUungritte  and  Cle'jy,  on  trypanogomiatus, 

180 
Mussel  polsDDiug,  858 
Miitner.    I'enrce,   uiid   Ogwn,  on   strepto- 

tlirix.  2^ 
Mycelium  of  moulds,  159 
Mycosis,  Intcsrinul,  323,  504 

pliaryngis,  636 

piiaryneo-leplotLriCtt,  225 
Mycotic  endocaraitls.  442 
Myelitis,  acute  ilisseniiuated,  822 

anterior  lioru,  828 

Cbronic.  839 
parenchymatous,  833 
peripheral,  f" 

polio-, .     ■ 


745 


Myositis,  clironic,  75ti 

exudative.  759 

interstitial,  759 

ossi"aiL8,  7B0 

suppurative,  750 
Myxcedetiia.  861 
Hyxonm.  311 

of  bone,  746 

of  brain,  833 

of  dura  mater  spiuiilis, 

of  heart.  447 

of  larynx,  470 

of  liver.  607 

of  lympli-nodcs,  400 


unilateral,  828 
Myelocytes  In  leuktemic 
Myeloma,  748 
Myeloplaxes,  747 
Myocarditis,  487 

exudative,  487 

iutcrstitiale,  437.  438 

suppurative,  437 

syphilitic,  441 

tuberculous,  440 
Myocardium  (see  Heart).  428 

dlphllieritic  lesions  of,  ref.  209 

fragmeutation  and  segmentatit 


Myoi 


486 
,    mu,  828 
adenomatous,  of  uterus,  678 
lievicellulare,  828 
of  appendix,  568 
of  F^illopian  tubes,  703 
of  heart,  447 
of  Intestines,  565 
of  kidneys.  618 
of  asopliagus.  532 
of  ovaries.  692 
of  parotid,  577 
of  stomacli  -541 
of  testicle.  721 
of  uterus,  676 


i,  464 


of  vulva.  661 
striocellulare,  329 
Myomalacia,  438 
Myosarcoma,  320,  464 


ofn 


of  n 


1,709 


of  parotid.  G76 

of  pia  mater  cerebralis.  771 

of  pia  mater  spinalis,  777 
Myxosarcoma,  820.  88.1 
Myxosporidia,  131 

Nabothian  glands.  35,  673 

Kiiffffii,  oil  statistics  of  tuberculosis,  251 

Ntcvi,  congenital,  of  skin,  383.  345 

Nagana,  129 

^fbrUfuiu.  oa  statistics  of  intestinal  tuber- 
culosis. .558 

Neck,  appearance  of.  in  strangulation.  44 
cysts  of.  E26 

Necneis,  89 

coagulation.  91 

coagulation  in  dli)htlieria.  360 

coagulation  in  tubercle.  344 

fat,  02 

fat.  of  pancreas.  578 

focal,  91 

focal,  in  typhoid.  283 

focal,  lesiinis  of,  801 

of  adrenals.  417 

of  bone,  728 

<ir  mus<.|e.  754 

A>(Mei'  and  Liptteiii.  on  Staphylococcus 
pyogenes  aureus,  206 

A'eiiarr  and  fie/ioitz,  on  gonococcus.  217 

Neinatoda.  187 

Kipliritis,  <1iffuse,  acute,  624 

diffuse,  acute,  degeoerHtlve  tvpe.  627 
diffuse,  acute,  excitants  of.  6^ 
diffuse,  acute,  exudative  ty|te.  627 
diffuse,  acute,  glomenilar  tyi**-'.  *-" 
diffuse,  acute,  hemorrhagic  type.  627 
diffuse,  acute.  Interstitial  type.  627 
diffuse,  acute,  parenchymatous  type. 

627 
diffuse,  acute,  productive  type.  627 
diffuse,  chronic,  680 
diffuse,  chronic,  excitants  of.  637 
diffuse,  chronic,  general  consideration. 


,  chronic,  variations  in  type. 
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Nephritis,  experimental,  ref.  687 

exudMive,  627 

geocral  consideration  of,  632 

glomenilo-,  625 

inlcretititil.  627 

malarial.  629 

peri-,  641 

productive,  627 

pyelo-,  639 

suppurative.  622 

syplillltlc,  689 

tuberculous,  688 
Ncpbrolytic  serum,  185 
Nepiiroma.  liyper-,  644 
Nepliro  toxin,  165 
Nerve  cell,  degenerations  of,  802 

tell,  nature  of.  797 

cell,  pigment  of,  799 

cell,  structure  of.  787 

lllirea.  degeneratloa  of.  802 

fibres.  Marclii's  method  of  staining, 

tissue,  Held'B  method  of  staining.  839 
tissue,   methods  of  preparation  and 

study,  887 
tissue,  Nissl's  methofl  of  staining.  888 
tissue,  regeneration  of,  100 
Weigert's  method  of  staining,  838 

i,  degeneration  of,  836 


of  n. 


ein. 


iammatioD  of  (see  Neurilia],  836 
injuries  of,  785 
leprous  inflammation  of,  833 
preservation  of,  19 
reg('neration  of,  807 
sclcmais  of,  827 
tumors  of,  835 
Nervous  system,  763 

system,  degeneration  of,  802 
system,  degeneration,  secon<lary,  of, 

809 
system,  method  of  preparation  and 

study,  887 
system,  neurone  tlieory  of.  797 
system,  regeneration  of,  807 
system,  syphilis  of.  831 
system,  tuberculosis  of,  830 

Xellfi;  on  bacteria  in  plcurltis.  472;   on 
plague   jerum,   367:   on   pneumncoccus 
111  empyema,  474 
Ae'ifchl.   on   streptococcus  agglutination, 

3(17:  on  typhoid  lacillus.  288 
Xfiimaitn.  on  bacteria  of  nose.  467 
Neuritis,  chronic.  827 
exudative.  836 
multiple,  836 
Neuroglia,  genesis  of,  303 
hyiierplasia  of,  807 
nature  of,  801 
Neuroglioma  gangllonarc  of  brain,  838 
Neurolytic  semrn,  185 
Neuroma.  880 


Neurone,  degenerations  tn,  602 


Neurone,  nature  of,  797 

system  degenerations,  807 

theory  of  nervous  system,  797 
Neurones,  action  of  fatigue  on,  806 

action  of  toxins  on.  804 

degeneration,  primary,  of,  811 

degeneration,  secondary,  of,  809 

motor,  cortico-spioal.  WS 

motor,  peripheral.  808 

motor,  upper.  808 

sensory,  lower.  806 

sensory,  peripheral,  806 

sensory,  upper,  808 

systems  of,  808 
New-born,  autopsies  on.  89 

encephalitis  in,  828 

heemorrliage  in.  71 

size  and  characters  of,  39 

tissues  of,  preservation.  42 
Nmtmnti,  on  tumors  of  tonsil.  530 
Setulon,  on  heart  rupture,  427 
A'ie/tols,  on  ganglion    cell    lesions   in-  ty- 
phoid, 385;    on  transplantation  of  tu- 
mors, 296 
A'imlat  and  Beau,  on  the  spleen  in  infec- 
tion. 168 
Nipple,  eczema  of.  705 
Kie»l'>  nerve  stain.  836 

staining  raethml,  6 

— "tenzoT  poison  ir  - 

it  aiid  I,eetn»i 

eases  of  animals,  286 

of  vulva.  660 
Noniiolilasts,  377 
Xorrig.  C.  U..  on  carcinoma  of  appendix, 

068 
Horrit.  Clia»..  on  bacteilai  precipitins,  192 
Norrif,  Chat.j  andlMrkin,  on sireptolhrix, 

325;  on  streptothrlx  pneumonia,  498 
Northrup.  on  mterlobular  emphysema  of 
lung.  487;  on  reptilian  heart.  438;  on 
tuberculous  bronchial  lymph -nodes.  898 
Northi'iip  and  Crandnll,  on  scurvy,  366 
Norton,  on  persistent  thymus,  413 
Nose,  bacteria  in,  ref.  467 
cyste.  dermoid,  of,  468 
inflammation  of,  467 
lymph  vessels  of.  467 
mucous  membrane  of,  467 
polyps  of.  467 
tumors  of,  468 
Nory  and  MtNfid,  on  trypanoaoma,  180 
Xoye».  on  accessory  adrenals,  416 
"Nutmeg"  liver,  590 
Natfalt.  on  blood  immunity  and  blood  re 
lationahip.  196;  ou  rOie  of  insects  In  in 
fection,  168 
HuKall  and  ShipUff.  on  Anopheles,  266 
NuK  vomica  poisoning,  357 
Nympliat.  malformations  of,  659 


ObermtUr,  spirillum 

Odontoma.  337 

(Edema,  71 

malignant,  268 
of  brain,  789 


of.  5 
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(Edema  of  glotlia,  26.  468 

of  labia,  S59 

of  hiiig,  484 

of  pia  iiiatcr  cerebralis.  TitT 

of  vulva.  659 

puruknt,  200 
Oertel.    od    ccliinocuccus    nniltilocularis. 

600 
OerWI's  lesion.  211 
(Eeopliagitis,  .'•83 
a':Bopliagus,  530 

aciloD  of  poisons  on.  351 

cvsts  of.  688 

dilatations  of.  580 

diverticula  of.  .531 

examiuatioD,  post  mortem,  of,  36 

liieinorrliaj^f  of.  530 

iu  da  initiation  of,  683 

LPh  nodules  of,  ref.  538 


inairo 


of.  5! 
perforation  of.  630 
preservation  of.  36 
rupture  of,  530 
Stenosis  of .  531 
tumors  of.  6S3 
variccB  of.  in  cirrlioals,  680 
Oldliiii]  albicans.  161 

albicans  in  vagina,  668 
Oligocyibfemia,  878 
Omentum,  cysts  of.  574 
licmla  of.  54S 

examination,  post-mortem,  of,  SO 
Ooiilioritis  (see  Ovaritis),  6»9 
Opitiili.   on   baclcria   in   j-ulnionarj   gan- 
grene. 488;  on  corpora  amylacea.  83;  on 
tj'plioid  without  lesions.  2'85 
Opie,  on  cliolelitliiaBis  and  diseases  of  pan- 
creas, 580;    on   corpora   amylacea.  83: 
diseases  of  pancreas,  864;  on  fat  necro- 
sis, 679;   on  filarial   lymifliatic  varix, 
465;  on  liEEniochromnlosIs,  88:  on  lyin- 
pliatic  varix.  141:  on  pancreas.  578 
Ojritz,   on  entrance  of  bacteria  by  Intes- 
tine. 571 
Opium  poisoning.  330 
Op})r>i7irim,  on  multiple  si'lerosls.  >i2S 
(^prnhrimer,  on  bacterial  poisons.  164 
Orcliftis,  clironic.  718 

exudallvc.  acute,  717 
leprous,  720 
sypliilitic,  720 
tiil)errulona.  718 
Organs,  si/.e  and  wi-iglil  of.  ref.  Vierordt 

Tables,  8 
Orthnmiin.  on  retro-ovarian  cysts,  708 
Ortb's  fluid,  formula  for,  63 
iMer.  on  liair  lialls  in  stoniueii.  546:    on 

sporadic  cretinism,  ref.  861 
Oiltr  (iitd  MrCme.  on  carcinoma  Qf  stom- 

ncli  In  tlie  young,  544 
Osmic  acid,  as  Ilxative.  52 
UsBiOcation,  irregular,  in  iickL4s,  740 
Irregular,  iu  syphilis,  787 
of  broitclii.  481 
of  muscle.  760 
of  penis,  715 
Osteitis.  781 


Osl«itls.  condensing,  734 

ossifying,  733 

larefying,  733 

suppurative.  784 

sypliilitic,  736 

tuixTculous.  786 

ulcerative  (see  Caries),  730 
Osteoblasts.  730.  734 
Osteoclasts,  782 
Osteoid  cancer,  748 

tissue.  727 
Osteoma.  826 

maliguanl.  748 

of  bone.  746 

of  brain.  838 

of  dura  mater  ccrebmlls,  765 

of  lung.  526 

of  pia  mater  cerebralis,  774 

of  spinal  coni.  884 

of  testicle.  721 
Osteomalacia,  744 
Osteomyelitis,  acute,  786 

chronic,  736 

infective,  785 
Osteophytes.  730.  746 
Ostco- porosis.  788 
Osteo- sclerosis.  784 
Ostoses,  746 

patliogenic  blastomy- 


cetes,  169 

Ottoterighi,   bacteria    in    cadavci 
pneumococeiis.  215 

Ovarian  pregnancy,  704 

Ovaries,  688 

changes  in  p<isitioii  and  size  i 
cyst -adenoma  of.  6(N1 
cysts,  dermoid,  of.  699 
cysts  of,  697 
displacemeulB  of.  688 
examination,  post -mortem,  o 
hemorrhage  of.  689 
hernia  of,  e"" 


3:   • 


hyper 


aof,  ( 


intlammation  of  (see  Ovaritis).  61 

malformations  of,  688 

size  and  weight  of.  86 

syphilis  of,  691 

teratoma  of,  699 

tuberculosis  of.  691 

iiimorsof,  691 
Ovaritis,  exudative,  acute,  689 

interstitial,  chronic,  089 

syphililic.  691 

tuberculous,  091 
Ovula  Nabothi,  086 
Oxyurldes  In  bladder,  iiritmry.  054 
Oxyuris  Id  vagina,  608 

verraicnlaris.  138 
Oysters  and  typhoid  fever,  337 

PACcnloKIAS  bodies.  10,  706 
Pachydermia  verrucosa.  469 
Pachymeningitis,  768,  776 

acute  external.  763 

acute  internal.  768 

clinmic.  764 

Internal,  litemorrhagic,  764 
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tuberculous.  ' 
PaekanI,  on  tonsils.  628 
Paeet'a  disease.  liX> 
Palate,  cleft,  523 
Pancreas,  577 

accessory  I  B77 

atrophy  of.  577 

autodigestion  of,  ST7 

calculi  ill.  582 

cliolelitlisisls.  effect  of.  od,  I 


cysts  of,  6H1 

riegeae  rations  of.  377 

diabetes  and.  304 

displacements.  577 

ducts,  cysts  of,  581 

exnn)itiatioR.  post-mortem,  of.  33 

fat  necrosis  of.  5T8 

forelgu  bodies  iu.  S82 

gangiene  of.  680 

Hiemorrbage  nf,  579 

infiltration,  fatty,  of,  677 

inflammation  of  (see  I^ncreatitis),  580 

Lnngfrhan»,    islets   of,    degeneration 
of,  578 

malformutionsof.  577 

parasites  of,  582 

preservation  of,  83 

i^luttuD  to  diabetes.  578 

si7.r.-  and  wciglit  of,  83 

Ry]>lillia  of.  581 

lubcreuloRis  of,  561 

tumors  of,  581 
Paiufreutitis.  experimental,  ref.  580 

biemorrtiagic,  580 

interstitial,  clirouic,  580 

siippuratiYe,  580 
Pancreolytic  serum,  185 
Papilloma,  309 

of  b1a<lder,  urinary.  653 

of  Fallopian  tubes,  703 

of  kidneys,  618 

of  larynx,  470 

of  mouth.  524 

of  <esopbagus.  533 

of  ovaries,  691,  697 

of  penis,  714 

of  peritoneum.  6T3 

of  stomach.  541 

of  vagina.  663 

of  vulva.  660 
Paraffin  as  embedding  medium.  65 
Paralysis.  I^andry's.  825 

spastic  spinal,  813 

spinal,  infantile.  828 
Parametritis.  674 
Paraphimosis.  714 
Paraplegia,  ataxic.  818 

spastic.  812 
Parasites,  animal,  128 

plant.  143 
Paratyplioid,  238 
Parenchymatous  degeneration.  79 
I'ai-esis  of  Insane,  brain  lesions  in,  828 
Piirk,    R..  on  osteomvelitic   deformities, 
738;  on  tumor  parasites.  801 


Park.     W.  R.,   Bacteriology   in   Medicine 
and  Surgery.    155,  288;    on   diphtheria 
antitoxin    making,    262;    on    influenza 
bacillus.  226 
Parotid.  574 

Inflammatfon  of  (see  Parotitis),  574 
Parotitis,  574 
Parovarium,  cysts  of.  699 
Parwna,  ou  post-typhoid  bone  lesions,  235 
Pdtiler.  on  carcinoma  of  luug,  520 
Pa»teiir,  preventive  inoculation  in  rabies. 

270 
Pathological     morphology,  cliaracteriza- 
tion  of,  67 
physiology,  characterization  of,  67 
Pathology,  comparative.  288 
general  inlroductlon  lo,  66 
special.  371 
Patrlomtq),  on  elimination  of  bacteria,  163 
Pfiiree,  ou  bacteriology  of  scarlatina,  278: 
on  (levelopment  ul  Islands  of  linger- 
bans,   578;   on  leptothrix,   335;   on  ne- 
phrotoxius,  185 ;  on  syphilis  of  pancreas. 
581 
Pearls,  epiliielial.  848 
Pediculus  capitis.  142 
Pelka-.  on  arsenic  as  a  poison,  364 
Penis,  balanitis.  714 
calcification  of,  715 
calculi  of,  715 
condyloma  of.  714 
cysts,  dermoid,  of.  715 
cysts,  sebaceous,  of.  71S 
elephantiasis  of.  715 
enlargement  of,  718 
epispadias.  713 
erysipelas  of.  714 

fibrous  plates  in,  711 

furuncles  of.  714 

liiemorrhage  of,  714 

ber[>es  of.  714 

hypospadias,  713 

indurations  of.  714 

inflammation  of.  714 

injuries  of,  714 

malformations  of,  718 

ossification  of.  716 

paraphimosis  of,  714 

phimosis  of.  714 

sinegma  of,  714 

syphilis  of.  714 

tuberculosis  of.  714 

tumoi-sof.  714 
Pentastomum.  400.  411.  610 
Periarteritis.  450 

nodosa,  454 
Pericanalicular  Gbroma  of  manima.  708 
Pericardial  adiicsions.  421 

fat.  atrophy  of.  428 

fibrous  nodules,  432 

sac.  obliteration  of.  421 
Pericarditis.  430 

acute.  420 

bacteria  in.  421 

chronic.  431 

exudative,  420 
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Pericardilia,  flbriaous.  430 

obliterating.  42\ 

purulent.  421 

£ero-flbriDoua,  430 

suppurative,  421 

tuberculous,  428 
Pericardium,  416 

air  in.  419 

calciQcation  of,  421 

eysts  of.  428 

dropsy  of,  419 

examl nation,  post-morlem,  of.  22.  41 

Qbrous  nodules  io,  '122 

bKinorrhage.  419 

hydro-.  419 

inflamDiation  of  (see  Pericarditis),  420 

injuries  of,  419 

obliteration  of.  421 

pneumo-.  419 

tumors  of,  422 
PeribtpalitiB.  604 
Perimetritis.  047 
PeriuepliritiB,  641 
Perioateiini,  736 

httmorrtiage  of,  726 

bypeiwiiiia  of.  726 

iuttamniation  of  (sec  Periostitis),  728 

turaore  of,  745 
Periostitis,  exudative,  728 

fibrous.  730 

infective.  728 

tiialignant,  731 

ossifying.  730 

suppurative,  728 

sypliiiitic.  781 

tiilierculous.  781 
Fcriplilelritis.  462 
Perisplenitis,  409 
Peritoneum,  568 

asriteg  of,  S68 

cysts  of,  574 

jutiamniation  of  (see  Peritonitis),  569 

malformations  of,  568 

parasites  of.  574 

tumors  of,  579 
Peritonitis,  acttte.  669 

bacteria  of.  570 

cellular,  569 

clirotiic,  571 

exudative.  569 

suppurative.  560 

tutKreulous.  571 
Ptrkiiit  ami  Fay,  on  bacteria  In  smallpox, 

375 
Pertussis,  278 
Peat  (aee  Plague).  266 
Peiecliiie,  70 

Priei-ton.  on  leelal  stricture,  563 
Petri  plates,  155 
I'etrMehky.  on  streptotJirix,  225 
Peyer's   patches  in   typhoid    fever.   228, 

229 
Pf'iff.  on  o-aophageai  diverticula.  581 
Pfeiffer.  sludi^M  of,  on  cholera  vibrii>,  183 
Phagocj'tea,  113  (aee  also  leucocytes  as 
Pliagocytes) 

action  of,  in  cytolysis,  189 


Phagocytes,  endothelium  as,  nf.  Htint, 
693 

in  blood  clota,  70 

in  inUammation,  125 

in  typhoid  fever,  281 
Pharyngitis,  "adenoids"  In,  827 

catarrhal.  S27 

diphtbeiitic,  527 

phlegmonous,  537 

tuberculous,  628 
Pliaryn  go -mycosis  lepnthrica.  225 
Pharynx.  468,  626 

cysts  of,  536 

diverticula  of,  536 

ex  animation,  post-mortem,  of,  36 

Qaluls  of,  636 

inltamiuation  of  (see  Pharyogitia),  527 

malformations  of,  626 

mycosis  of,  536 

tumors  of.  53S 
Phimosis.  718,  714 
PhlebL'Ctasia,  460 
Phlebitis.  463 

acute.  462 

bacteria  of.  463 

chronic,  468 

endo-,  chronic,  403 

infective.  462 

suppurative.  463 

syphilitic,  408 

tuberculous,  468 

uterine,  675 
Pblebolilhs.  78.  461 
Plilegmon.  199 

gaseous,  368 
Pliloridzin  dialwtes.  366 
Phloroglucin  as  decalcifying  agent,  64 
Phosphorus  necrosis  of  bone.  789 

poisoning,  858 
Plithlus.  511 

acute  (see  Lungs.  Tuberculosis    oO. 
608,  618 

chronic  (sec  Lungs,  Tuberculosis  of), 

experimental,  518 
Pia  mntcr  cerebralis,  766 

nmter  cerebraiis.  cysts  of.  776 

mater  cerebraiis.  examination,   post- 

niorlem,  of.  10.  40 
mater  cerebraiis.  hnmorrhage  of.  767 
mat<.'r  cerebraiis.  hypenemia  of,  767 
mater  cerebraiis.  innanimalion  of  (see 

Meningitis),  770 
mater  cerebraiis.  o'dema  of.  767 
uiater  cerebralia.   Pacchionian   bodies 

In,  766 
mater  cerebralia.  parasites  in.  775 
mater    cerebraiis.     pigmentation    of, 

768,  775 
mater  cerebraiis,  structure  of.  766 
mater  cerebraiis.  tumors  of.  778 
mater  spinalis,  776 
mater  spinalis,  bone  in,  777 
mater  spinalis,  cartilage  in,  777 
mater    spinalis,    examination,    poat- 

mortem,  o(,  17.  40 
mater  spinalis.  Iiwmorrliage  in,  777 
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Fia  mater  spinalis.  iDflammation  of  (see 

Meningitis,  Spinal),  777 

TimtKT  spinalis,  patealtes  In,  777 

mater  spiualis.  tumors  of,  777 
PicrO'ttcid  fucbain  as  staioiDg  ageot,  59 
Piermia     and     Itattnel,     on     pathogenic 

moukls,  1S9 
I^gnieut,  anthracotic,  89tt,  404,  502,  593 

liiumatogeDous,  87 

liepatogeiious,  88 

metabolic.  8» 

of  red  blood  cells,  874 

test  for  Iron  io.  88 
PiginentatiOD,  87 

of  AddisoD's  disease,  SOS 

of  adrenals,  417 

of  brain,  787 

of  liver,  593,-601 

of  limg,  501 

of  lymph-nodes.  808 

of  nerve  cells.  TOO 

of  pia  mater  eerebralls,  775 

of  spli-en,  404,  408 
Piles.  4«1,  562 
Pim-al  gland,  lesions  of.  886 
Pinworm,  1B8 

Pituitary  bixly,  lesions  of.  887 
Placenta.  686 

apoplexy  of,  686 

cysts  of.  688 

degenerations  oF,  666 

hiemorrhagc  of.  686 

iufarctioti  of,  686 

inflainmatioD  of  (sec  Placentitis).  686 

moles  of.  687 

structure  of,  ret.  fi/en.  686 

syphilis  of.  687 

tuberculosis  of,  687 

lumore  of,  087 
Placentitis,  cbronic.  087 

suppurative,  086 
Plague.  366 

antitoxin,  267 

bacillus  of.  266 

bubonic,  366 

Oriental,  266 

preventive  inoculations  Id.  266 

scrum,  267 
Plant  parasites.  148 
Plasma  cells,  60.  108.  119.  245 
Husmodium  malariie,  271) 
Pleomorpliisni  in  bacteria.  146 
Pleura,  471 

as  portal  of  entsy  for  bacteria,  ref, 
Gr-iber.  500 

calcification  of,  473 

cysts  of.  475 

ecbinococcus  of.  475 

luemorrhagc  in.  471 

hydropneumotliorax,  471 

hydro lliorax,  471 

infection,  ways  of,  474 

intiammatioD  of  (see  Pleuritis),  471 

lymph  vessels,  dilatation  of,  478 

pyopnenmothorax,  471 

tuberculosis  of,  474 

tumors  of.  475 


EX.  873 

Heural  cavities,  air  in,  tests  for,  31 

cavities,    examination,    post-mortem, 
of,  34.  35,  41 

exudates,  471 
Pleuria/  (see  Pleuritis),  471 
Pleuritic  adhesions,  474 
Pleuritis,  acute,  471 

chronic,  474 

-dry,"  471 

exudative,  471,  473,  478 

Qbrinous.  471 

sero-fibrinous.  478 

sicca.  471 

suppurative,  473 

tuberculous.  474 
PneumococcuB,  318.  314,  489 

agglutination  of,  214 

capsule,  staining  of.  3t6 

habitat  of,  315 

pathogenic  effects  of,  215 
Pneumokoniosis.  503 
Pneumonia,  « 


aspiration,  407 

bacillus  of  Friedlflnder  in.  313 

broil  ell  0-,  494 

broncho-,  excitants  of,  408 

broncho-,  tuberculous,  506 

cheesy,  518 

classlQ  cation  of.  489 

cooling  of  body  as  determining,  rcf. 

500 
croupous,  489 
experimental,  ref.  499 
experimental,  ref.   Wadneerth,  500 
exudative.  480 
fibrinous.  489 
general  characters  of,  488 
hH'matogenous.  497 
hypostatic,  498 
lutersiltial,  500 
lobar,  acute,  489 

lobar,  acute,  associated  lesions  of,  493 
lobar,  acute,  bacteria  in.  498 
lobar,  acute,  bacteria  in  blood  in,  ref. 


404 

io  liar,  acute,  delayed  resolution  in.  408 

lobar,  acute,  experimental.  215 

lobar,  acute,  micrococcus  of.  313 

lolmr.  acute,  mixed  infection  in,  494 

lobular,  494 

■■  organizing."  498 

"patchy."  494 

"  purulent  infiltration  "  In.  494 

pyieniic,  497 

reversion  of  epithelium  in.  QOt 

syphilitic,  310 

tuberculous.  002 

tuberculous,  varieties  of.  508 
Pneumonitis  (sec  Pneumonia).  488 
Pneumopericardium,  419 
Pneiimotoxin.  215 
Poikllocytes.  875 
Poisoning,  examination  in,  SO.  88 
Poisons,  850 
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PoiaoDS,  abrin,  S-5T 

acid,  arsenious,  353 

atld,  carbolic.  8.'i6 

acid,  carbonic.  368 

acid,  liydrocbloric.  S53 

acid,  liydrocyoDlc.  S59 

acid,  nitric.  351 

acid,  oxalic.  8.13 

acid.  flulpLiiric.  851 

acid,  tartaric,  853 

aconite.  868 

aicoliol.  856 

alkalies.  853 

allialoiilal.  868 

aloes.  855 

ammonia.  863 

araenic,  308 

bacUrial,  164.  859 

cantliaridcs.  856 

carbonic  oxide,  857 

cheese.  858 

chloral  liydrate,  357  ■ 

chloroform,  357 

classification  of,  860 

colcbiciim,  355 

colocyntli.  856 

coniitm.  868 

copper,  855 

corrosive  siiblimaie.  354 

croton  oil.  855 

digilalis,  858 

elatcriiiRi.  856 

endogenous,  HSO,  858 

endogenous,  bibliography  of,  i 

enterogcnic.  859 

ether.  857 

exogenous.  351 

fish.  368 

fungi.  856 

Kniboge.  855 
llcliore,  3.56 
hlsiogenic.  359 
fee  cream.  368 
inorganic,  8Q1 
Insect.  867 
jalap,  855 
lend,  855 
lobelia.  368 
mercury,  354 
morphine.  856 
mussels,  358 
DitrobeiiKol,  866 
nux  vomica,  357 
opium.  356 
oi'giiiiic.  866 
Paris  Kreen,  854 
phosphorus,  858 
potash.  363 

potassium  cyanide.  356 
potassium  nitrate,  352 
potassium  oxalate,  352 
ptomain,  8S8 
putrefactive,  858 
ricin.  35T 
savin.  855 
saustige,  358 
scam  111  0113'.  865 


Poisons  Miffle  *  green,  354 
snake   I6S 
soda   863 


lurpentmt,  8o5 

vegetable  irrilanls,  865 
venom,  animal.  357 

Poisoning,  autopsies  in  casei)  of.  38 
PoUtillon.  on  lung  sKmes,  473 
Polar  body.  95 
Poliomyelitis,  anterior.  833 
Polycliromatopliilia.  887 
Polyps  of  bronchi.  481 

of  intestines,  566 

of  nose.  467,  468       . 

of  pharynx.  639 

of  urethra.  6.58 

of  uterua,  676 
PopoH,  on  spinal  con!  in  arsenic  jioison. 

log,  354 
Poreucephahis.  886 
Portal  veip,  lesions  of,  586 

vein,  post-mortem  examination  of.  33 
Portals  of  entry  of  bacteria,  168 
I^ntnelt,    on    ccliinococciis    iiiullilocularis, 

609 
Post  mortem  clianges  in  body,  4 

cliangts  111  blood  distribution.  9 

changes  m  intestines.  30 

changes  in  liver,  88 

changes  in  stomach.  684 

elianges  m  surface  of  Imdy.  4 

ilianges   relation  of  bacteria  to.  5 

clolsot  heart,  28 

contusions,  7 

cooling  of  body.  6 

cultures,  87 

decompiieition,  6 

discoloration  of  viscera,  30 

bacteria  In.  87 

examination,  closure  of  body  after.  36 

examination,  external  inspection.  8 

examination  in  new -bom  cliil<lren.  89 

examination  In  suspected  jioisoiiiDg, 
88.  864 

examination,  internal  iuspeciion.  8 
,  medicolegal,  37 
,,  methods  of  making.  8 

examination  of  abdonien,  19.  37 

examination  of  adrenals.  36 

examination  of  aorta,  88 

examination  of  1-ase  of  craniuum,  16 

examination  of  blndder.  34 

examination  of  brain,  10 

examination  of  dura  mater,  10 
of  ear.  16 


examination  of  heart, 
examination  of  intesi 
examination  of  kidne 
examination  of  laryn 
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post-mortem  exarninatton  ot  liver,  30,  32 
exaiiiinHiiiiQ  of  lungs,  23 
exaniinalion  of  (esophagus.  24 
examiaatioD  of  omentum,  2U 
examinatioD  of  ovaries,  86 
cxamiDation  of  pancreas,  38 
examiaatJOD  of  jiericBrdiuni,  23 
examination  of  pliarynx.  36 
ex  ami  nation  of  pia  maier.  10 
examination  of  pleural  cavities,  34 
examination  of  scars  or  tattoo  marks. 


examination  of  flpinal  cord,  17 
examination  of  spleen.  3» 
exnminutiou  of  stoinacli  and  duode- 
num. 31.  81 
examination  of  thyroid.  36 
examination  of  thoracic  duct.  83 
examination  of  tliorax,lfi,  31 
examination  of  uterus,  83 
fractures,  8 
gas  formation,  5 


a  of,  : 


m,  of.  8 


ds.  4 


iOrutidcatlon,  4 

lesions,  atlas  of,  rcf.  858 

marks  of  violence,  7 

nietllcu- legal,  37 

putrefaction.  ^ 

rigor  mortis,  6 

rise  of  tcuiperaure.  6 

wounds.  H 
Potassium  bicliroinate  in  MDller's  fluid,  58 
Potato  as  culture  medium,  1S5 
J^jietra.  on  carcinoma  of  braucliial  clefts, 

580 
I'l/yut'in  and  Pnyiif,  on  Imcteiia  of  rlieu- 

mat  ism.  219 
Pnitl.  on  coronai'j-  arteries,  438;   on  his- 
tology of  acute  lobar  pneumonia.  403: 
on  lypLoid  bacillus  iti  skin.  336 
Pifble,  on  bffimorriiage  from  (esophageal 

veins.  530 
Precipitating  substances,  101 
Precipitin,  Ifll 

bacterial,  193 
Predisposition  to  infection,  167 
Pregnancy,  abdominal.  704 

extra-uterine.  708 

Interstitial,  704 

ovarian,  704 

tubal.  708 

tiibo-abdomlnal.  704 
Prepuce,  lesions  of,  714 
Pi'tTvcntive  inoculations  in  Asiatic  cholera. 
310 

inoculations  in  plague,  366 

inoculations  in  rabi(;s.  270 

inoculallous  in  smalliiox.  274 

inciculatious  in  typhoid  fever.  237 
"Prickle  cells"  in  cpitlielioma,  843 
Proglottides  of  tapeworm,  184 
Prostate,  723 

abscess  of,  724 

alrophv  of.  733 

calculi'of.  735 

concretions  in.  735 


liyperplaain  of,  738 
hypertrophy  of,  72a 
InllanmiatioD  of  (see  Prostatitis),  731 
parasites  in,  735 
tuberculosis  of.  "81 
tumors  of.  7S4 
Prostatitis,  721 
Protective  proteids,  135 
Protelds,  defensive,  178 
Proteus  group  of  bacilli.  313 

vulgaris,  218 
Protozoa,  138 

In  scarlatina,  377 
in  variola.  275 
inctliod  of  study.  133 
Piiiddeii,  on  bacteria  in  jileuritis.  472:  on 
concurrent  Infection  In  pulmonary  tu- 
berculosis. 518;  on  d(«id  tubercle  bacilli. 
350:  on  endocarditis,  malignant,  444:  on 
ueuiYtma.  multiple.  381:  on  pseudohy- 
pertrophy of  muscle  iti  multiple  neuro- 
ma, 7i'i7;  on  rhabdomyoma  of  parotid, 
877 
Prnddeu  mid  Jladeiipi/l,  on  dead  tubercle 

bacilli,  25U 
Psammoma,  830,  766,  774,  776 


Pseud  o-hcrmaphro(iitism,  718 
Pseud o-liy pert rophy  of  muscle,  756 
Pseiido-leukicmla.  390.  400 

spleen  in,  411 
Pseudo-nu'mbranoua  IntliLnunation,  309 
Ptomains,  149,  8i58 
Puerperal  fevci-.  674 
Purpura.  867 
Pus.  115,  200 
Pustule.  lt)9 

malignant,  23 1 
Piitmiiu.  on  encephalitis,  t^32 
I'utiiaoi  mid   Taylor,  en   dcgenemlion   of 

spinal  cord,  819 
Putrefaction  by  bacteria,  149 

post-mortem,  6 
Pyiemia,  203 

cryptogenctic,  308 
Pyelitis,  m 
Pyelo-nephritis,  chronic.  640 

suppurative,  639 
Pylorus,  stenosis  of,  533 
Pyogenic  t)acteria,  204 
Pyopneumothorax,  471 
Pyosaliiinx,  703 
Py'/-septi(spmia.  303 
Pyrosoma  bigcniiuum,  IS3 


intestinal  ^ithelium,  .ISO 
Quinsy  (see  TonsDlitis),  r)38 
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Rabies,  lesions  of,  369 

preventive  inoculation  in,  270 

statistics  of,  iu  Uaiced  States,  ref.  271 
liacbitis,  740 

Radium,  action  of.  on  bacteria,  148 
Raines/,  ^"^'^  °^'  l^^ 
Hainy,  on  nerve  lesions  in  diplilherin.  360 
RitnoKiy,  on  tumors  of  adrenals,  418 
Ranula,  625,  576 

Hiuieliket,  on  cndoihclionia  of  vagina,  66S 
Rausclibrand.  S69 
liarenel,  on  bovine  tuberculosis.  2G2:    on 

eutrance  of  bacteria  by  intestine,  571 
R)it€iiel  aiid  McVarthy,  on  rabies,  270 
■'liay  fundus,"  234 

UeceptorsiD  side-chain  hypothesis.  177 
Reclocele  vaginalis,  662 
Rectum,  liteniorriioids  in,  568 

inflammation  of,  563 

strictures  of,  662 
Herd,  on  focal  typhoid  lesions,  238 
Had  aiid   Ciirrotl,  on  excilants  of  yellow 
fever,  872;    on   ategomyia  anil   yellow 
fever,  278;  on  yellow  fever,  273 
Beeil,  Carroll,  and  Afframonte,  on  yellow- 
fever  infection.  378 
Reed,    Vaughn,  and   Shttke«peare,  on   Hies 

and  typhoid.  287 
Regeneration,  94 

of  blood,  105 

of  blood-vessels,  104 

of  l>one,  106 

of  cartilage,  105 

of  cells,  m 

of  cells,  impulse  to,  106 

of  connective  tissue,  103 

of  epitljelium,  101 

Of  fut,  106 

of  glands,  102 

of  liver,  103 

of  lost  parts,  99 

of  lyraph-nodes,  ref.  896 

of  muscle  tissue.  100 

of  nerve  tissue,  100.  807 

of  special  tissues,  100 

of  tissues,  99 

pliases  of,  94 
Beiiibuch,  cia  granulation   tissue,   120;   on 

nature  of  colloid,  414 
SeUiiian,  on  Meckel's  diverticulum,  646 
Heinebotli  (tiid   Kohlhardl,   on  pncuiiionfa 

and  cooling  of  body,  500 
Relapsing  fever,  265 
Renal  calculi,  654 
Helton,  on  patliogenic  moulds,  159 
Re[iair  of  injury,  108,  117 
ReprMiuctive  organs  of  female.  659 

organs  of  mule,  713 
Resolution  in  intlanimation,  115 
Respiratory  system,  467 
Rever^on  of  cells,  66 

of  liver  cells  in  cirrhosis,  596 
Rhabdomyoma,  82S 

of  heart,  447 

of  parotid,  577 

of  testicle,  721 
Rbabdouenui  strougyloides.  141 


Rheumatic  arthritis,  750 

Rheumatism.  278 

Rheiis.  bieniorrhage  by,  S9 

Rhinitis,  467 

Ithinoscleronia,  359 

Rhizopoda,  138 

Ribbert,  on  tumors,  etiology  of.  302:  on 
lesions  of  appendix,  565;  on  regenera- 
tion of  lymph-nodes,  396 

Ricin  poisoning,  S57 

Ricker,  on  yeasts  and  moulds  in  disease, 
161 

Rickets  (see  Rachitis),  740 

Riekettt,  on  pathogenic  blastomycetes,  169 

Rieehehnann,   on  statistics  of    ' 


342 

Rietlf,  on  leucocytosis,  880 

Rie».  on  salpingilis,  701 

Rigor  mortis,  6 

Ritdiit.  on  bacieria  in  bronchitis,  477;  on 
cystic  kidney,  643;  on  Ehrlicli's  hypoth- 
esis, 196 

Rixford  and  Oik/trial,  on  coccidia,  132 

Rabin,  on  precipitin  test  for  blood,  112 

Robineon.  on  calculi  of  tonsil.  628 

Roger  and  Oai-nier,  on  thyroid  tiiberculo- 
sis,  414 

Rotktton,  on  intestinal  carcinoma,  668 

Rolteiton.  and  CrofCan-Alkine,  on  pyloric 
stenosis,  533 

RoUe'Con  and  Hc.gne,  on  congenital  cirrho- 
sis, 601 

RoManiiimki'a  stain,  387 

Ronenhtrger,  on  acid-proof  bacteria,  258; 
on  bacteria  in  blowi,  884 

Roneno)!',  on  blood  cultures  iu  lobar  pneu- 

Boni,  on  invisible  microbes.  387 
Riiimell.  on  ovarian  cysts.  697;  on  spinal- 
cord  degeneration.  8l9 
Riitiiueyer,  on  Friedreich's  ataxia.  820 

Sacchakomvces,  159 

IsierMotti,  on  hypertrophy  of  kidney,  616 

Biebs.  on  indurations  of  penis,  714 
tviUei;  on  transpliintatiou  of  tumors,  ref. 

290 
Salivary  glands,  574 

ghuids,  duct  lesions  of,  576 

glands,  tumors  of,  576 

glands,  tumors  of,  mixed,  ref.  677 
Salmon,    rabies,   statistics    of,    in   United 

States,  ref.  271 
Salpingitis,  catarrhal,  701 

suppurative,  701 

syphilitic.  702 

tuberculous  702 
SahHU,  on  rickets,  740 
&marflU,  bacillus  of,  272 
Saprophytic  bacteria,  160 
Sarcina,  145 
hSurcodina.  128 
Sarcoma.  312 

udeiio-,  320 

alveolar,  819 

ungio-,  318 

chondro-.  830 
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Sarcoma,  cjsto-,  319 

dccidiio-ceilularc.  fl85 
t-ndotbelial,  831 
flbro-.  814,  830 
fuaoccUulare.  314 
giaut-celled,  816 
Kiio-.  815 


niyfli)(tfiiic  748 

tnyeJulil.  316 

niyo  .  820 

jnyxo-.   820 

of  adreoals,  418 

of  appendix,  568 

of  nrturicH,  460 

of  bladder,  urioaTy.  658 

of  bone,  747 

of  brain.  884 

of  bronchi,  481 

of  dura  mater  cerebmlis,  765 

of  dura  mater  spinalis.  776 

ot  epeudyina,  781 

of  lieart,  447 

of  int«))linL-.  966 

of  kidneys.  648 

of  larynx,  470 

of  liver,  607 

of  liiDg.  530 

of  lynipli- nodes.  400 


710 


lale.  725 


of  muscle,  700 

of  nerves.  885 

of  nose,  468 

of  wsopbaguB.  583 

of  ovaries,  693 

ot  i)amtid.  fi76 

of  peiicardiiim.  433 

of  i)eritoneum.  573 

of  pharynx,  BSO 

of  piu  mater  cercbraHs.  775 

of  pia  mater  spinalis.  777 

of  pineal  gland,  886 

of  pleura.  475 

of  prrKftate,  724 

of  salivary  glands.  576 

of  spinal  cord,  834 

of  spleen,  411 

of  stiimacb.  543 

of  testicle,  731 

of  tbyroid.  415 

of  thymus.  413 

of  tongue.  535 

of  tonsils,  580 

ofu 


of  vaglni 
of  V  " 


),  464 
or  vulva,  661 
ostco'.  818 
periosteal,  748 
retroperitoneal,  573 
round -celled,  314 
spindle -celled,  314 
Sarcoptea  liominis,  143 


fichiiiidl,  V 

535:  c 
fiehobei; 
fichullz. 
Sr/i  idle. 


3X.  877 

Sarcosporidia.  183 
Sausage  puisoDing,  858 
Uaviu  poiauuing,  355 
Biiyer.  ou  pathogenic  moulds,  158 
tiatglitm.  ou  diplitberitie  lesions  of  myo- 
cardium. 360 
Scammony  poisoolog,  355 
Scarlatina.  377 

bacteria  in,  878 

incitauts  of,  3T7 
Bears,  examination,  post-mnrtem,  of,  8 
Sehattdinn,  on  malarial  parasite.  381 
«,  Sclieiber.  on  tonsil  as  portal  of  entry  of 

tuberele  bacilli,  538 
Schlzomycetes.  148 
8c/itegel.  on  actlnoniyces.  33S 
Hehlaa'ngfr,   ou  litemolysis   of  Btreptoeoe- 
cus,  307 

imylold  tumors  of   tongue. 
palliology  of  bone.  748 
1  uial positions  of  colon,  546 
I  cysts  of  stomach,  545 
I  tubercle  bacillus,  346 
Bcirrhus  carcinoma,  847.  711 
Sclerosis,  amyotrophic  lateral,  613 

of  brain.  837 

of  spinal  cord,  838 

posterior  spinal.  818 
Scolex  of  tapeworm,  184.  186 
8c<)rbulus.  366 
Scrofula.  897 
Scrotum,  715 

cvsiaof,  715 

elephantiasis  of,  715 

tumors  of.  716 
Seiidd^r,  on  luberculosis,  706 
Scurvy,  866 

Sebileitu.  on  orchitis.  720 
"Seeoud  intention,"  healing  by.  120 
Secretions,  internal.  In  auto-Intoxication, 
360 

internal,  germicidal  acliou  of,  163 
Scelion  cutting,  67 
Srifffrt,  on  myoma  of  heart.  447 
Sumiual  vesicles,  concrelioiis  In,  723 

vesicles,  cysia  of,  733 

vesicles,  inflammation  of,  732 

vesicles,  tuberculosis  of.  733 

vesicles,  tumors  of.  723 
ScpticiL'mia.  164,  168,  303 

liremorrhagic,  367,  368 
Bepticwmic  forms  of  typhoid  fever.  33-1 
Septlco-pyiemia.  303 
Sequestrum  of  dead  bone,  736 
Serous  apoplexy.  789 

inflltration.  84 
Suu;a,  aiilihivniolylic.  186 

antitoxic,  175 

autolytie,  180 

btemolyiic.  183 

hepatolytic.  189 

immune,  184 

Isolytie,  180 

leucolytic,  185 

lytic,  action  of.  183 

nephrolytic.  185 

neurolytic,  185 
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Serum,  pftncreolytic.  135 

spermolytic.  185 

therepv,  175,  193 

tliyreolj-tic,  185 
Sliair,  oD  milky  fluids  la  seroiia  oavitici 

S6» 
Sfieri-iiigCon,  on  ellnilnatioD  of  bacteria  i 

Bccretions,  168 
Sliiga,  bacillus  of,  550 
Sliip  fever.  271 
ShrSder,  leiigtii  of  fivtue,  89 


1,  m 

HhleroBlsof  Jutig.  ^'i 
Silbermann.  deatb  from  burns,  48 
Silbertckmidl.  od  perilonitta.  571 
Simon,  on  blood.  881 ;  on  eggs  of  para- 
eiles,  143:  on  resolution  of  exudate  in 
pDcumonia.  493 
Sinus  poculaiis.  dilatation  of,  656 
Sittmnnn,  on  elimination  of  bacteria  from 

kidney,  629 
Skin,  tuberculosis  of.  253 
Skull,  mellind  of  opening,  B,  40 
lilti lighter,  on  preventive  pkgnc  iuocula- 

tit)n,  267 
Smallpox  (see  Variola),  273 
Smegma  iMcrillus,  258 
fitiiif/i.  A,  II.,  OD   carcinoma  of  tboracio 

duct.  465 
Smith.  Jh.,  on  adaptation  of  bacteria,  171 ; 
on  bacterial  associations,  168:  on  sarco- 
sporidla.   183:   on  varieties  of  tubercle 
bacilli,  349 
Smith  mid  KUbo'irne,  ou  faiematozoon  of 

Texas  fever,  133 
Snake  venom,  poison  of,  857 
Siberiiheim,  on  antlirai,  232 
Soda  as  poison.  352 
Hidre.  on  beri-bcri,  379 
Soft  ebancre.  230 
Soil.  1>acteriaiti.  150 
t^ikfilojf,  on  adeno-carefnoina  of  liver  wilb 

eiliatcd  celts,  600 
SoUir  plexus,  post-moriciu  examinalion  of, 

83 
Snuiatoclinimes.  798 
Sor.r,  628.  535 

Specimens,  preserving,  methods  of,  50 
SiKiigler,  on  mixed  infection  in  tuborculo- 

sis.  2r.8 
Spcmiatoeele,  717 
Spermolytic  serum,  185 
Spider  cells,  801 
Spina  bilida,  784 
Spinal  apoplexy,  7B3 
c<)rd,  amvelia,  783 
cord.  artcfaciB  ()f,  788 
cord,  arliHcliil  deformities  of,  788 
roril.  asymniotrits  of,  783 
cord,  alclomyelia,  783 
rnrd,  atrophy  of  muscle,  811 
coni,  blood-vessels,  lesions  of,  797 
cord,  changes,  post-mortem,  in,  17 
coni.  cysis  of.  884 
cord,  degeneration,  neurone  in,  802 
cord,  degeuenition,  seconilary,  of,  809 
cord,  degenerations  of,  797 


Spinal  cord,  dEaHtematomyelia.  788 
cord,  diploni}'ella.  783 
cord,  distortions  of.  784 
cord,  embolism  of,  7B4 
cord,  examination,  post-mortem,    of, 

17,  40 
cord,  bsmatoniyelia,  763 
cord,  htematoniyelopore,  7S4 
cord,  liKmorrbage  in.  793 
cord,  heterotopia,  783 
cord,  heterotopia,  false,  of,  786 
cord,  liydromyelia,  783 
cord,  hydrorrhachis  interna.  783 
cord,  inflammation  of  <sce  Myelitis), 

823 
cord,  injuries  of,  785 
cord,  injuries,  post-mortem,  of,  17 
cord,  malarial  lesions  of,  385 
curd,  malformations  of.  78^ 
cord,  morphology  of,  797, 
cord,  preservation  of,  19 
coi'd,  removal  of,  17 
cord,  sclerosis  of.  827.  829 
cord,  segments  of.  18 
cord,  structure  of,  797 
cord,  syphilis  of,  881 
cord,  syringomyelia,  834 


cord,  tuberculosis  of,  830 

coni,  tumors  of.  834 

nerve  rools.  anomalies  of,  788 
Spiremes.  95 
Spirilla.  144 

resembling  cholera  spirillum.  341 
Spirillum.  144 

cliolerte  asiaticK,  338 

cholene  asiaticte.  lysis  of,  240 

fever.  365 

pn>tcus.  341 

sputigeiium.  341 

tyrogenum.  241 
Spirals,  Curschmaiin's,  470 
Spirocluete  Obemieieri,  265 
Spleen,  402 

abscess  of,  407 

absence  of,  402 

accessory.  403 

ana'inia  of.  404 

atrophy  of.  403 

bacteria  in,  407.  413 

capsule,  iuHammation  of,  409 

characters  of,  403 

cysts  of.  411 

degenerations  of,  403 

displacement  of,  403 

embolism  of,  405 

examinatiou,  post-mortem,  of,  39 

examination,   post-mortem,   of    nc 
born,  41 

focal  necroses  in,  407 

hsmorrliage  of,  403 

byjierieniia  of,  405 

hyjierplasia,  endothelial,  of,  410 

hy|)er|iiasia  of,  400 

in  iiif<'ciion,  rcf,  168.  407 

iufarctioD  of,  405 
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Spleen,  inflamnialion  of  (see  Splenitis), 
406 

lcuk«mic.  411 

malarial  lesions  of,  2»6.  409 

nial  forma  tioD3  of.  402 

parasites  in,  411 

pigmentation  of,  404,  408 

preservatinD  of,  30 

pseudO'Ieukiemic,  411 

removal  of.  ref.  Wiirtliiii.  400 

rii]>ture  of,  408 

-  sago,"  403 

siKe  aii<l  weiglit  of,  39 

suppuration  of.  407 

sypliilis  of,  408 

thrombosis  in,  406 

toxins  in.  407 

tuberculosLi  of,  408 

tumors  of,  411 

typlinki  fever,  lesioDS  of,  in,  389 

wounds  of,  41^ 
Spli'Dectoiny,  ref.   Warthin,  403 
Si>lenic  fever.  321 

tumor.  406 
Splenitis,  406 

acute,  406 

cli  runic,  407 

liyperplastlc,  406 

peri-,  409 

suppurative.  407 
Splenomegaly.  410 
Sporangium  of  moulds,  159 
Spores  of  bacteria.  140 
SporoKitea  in  malaria.  381 
Sporozoa,  180 
Spotttii  fever,  133,  371 
Stjiiolag  inethods,  58 
StapIiyTococcus  cpidermidis  albus. 

cercus  albus.  306 


sflavi 


.206 


205 


pyogem-s  aureus,  characters  of.  314 
pyogeues  auj'eiis.  habitat  and  porbtU 

ofentry  of,  308 
pyogenes  aureus,  toxinn  of,  SOB 
salivarius  pyogenes.  306 
fif'irfk.  o:i  o^sijpfiafjeal  diverticula,  531 
Stains  lymp hat icns,  867 
t^lerle.  on  retroperitoneal  sarcoma.  573 
Siegoinvia  fasciata  in  yellow-fever  infec- 
tion, 378 
SlejMimie'i  metbixl  for  eml)e(ldtng,  55 
Sterilization  of  bacteria,  147 
Sleni.  on  tumors  in  childhood.  849 
Sternberg,  on  B.  icteroldes.  373;  on  tilas- 
tomycelcs,   patliogenic,   159;    on   coro- 
nary arlerifS,  rpf,  4118 
HUes.  on  detorminutiou  of 

fnani[iia.  710 
Ptoke".  on  vaginal  cysts,  663 
Stornacli.  588 

alropliy  of,  585 
bacteria  of,  538 
cadaveric  changes  in,  534 
clianges  in  position  of,  31 


Stomach,  cysts  of,  545 

degenerations  of.  635 

dilatation  of,  541 

erosions,  h*morrliagic,  of,  541 

Hut  mam^nni  of,  586 

examination,  post-mortem,  of,  31,  81 

examination,  post-mortem,  of,  in  poi 
soning,  88 

foreign  bodies  in,  51S 

littmoiriutge  of,  584 

Lair  balls  in,  545 

inflammation  uf  (sec  Oastritis),  633 

injuries  of,  584 

malarial  lesions  of,  386 

malformations  of,  533 

preservation  of.  83 

pylorus,  stenosis  of,  533 

rnplureof.  584 

sypliilis  of,  524 

tumors  of,  541 

tuberculosis  of,  -^33 

ulcer  of,  589 
Stomatitis,  523 

aphthous.  523 

catarrhal,  523 

chronic,  538 

croupous,  523 

gangrenous,  528 

para  si  tie,  538 

phlegmonous.  538 

ulcerative.  HiH 
Stramonium  poisoning,  858 
Strangulation,  lesions  of.  44 
litritu»,  on  tuheixjuliisis,  354 
StrawtK'rry  marks,  883 
Strepto bacillus.  I4S 
Streptococcus,  145 

agglutination  of,  307 

anaerobic,  307 

antitoxin.  308 


brcvi 


,  207 


capsuli's  of,  206 

clianges  in  virulence  of,  307 

conglomeratus,  307 

erysipctatis,  308 

liiumolvlic  power  of,  ref.  307 

longus.  207 

pyogenes,  206 

pyogenes,  action  of,  in  boily,  307 

pyogenes,  cliarnclers  of.  306 

toxin  of.  208 
Streptotlirix.  146 

actinomyces,  146.  333 

in  pneumonia.  498 

madune,  324 
Stricture  of  appendix,  564 
ts-  of  urethra,  656 

ro-       Stro^,  on  aortic  tuberculosis.  455 

Stroiiff,  on  Friedlander's  bacillus  group, 
of  213 


Stnmirt  of  tliyroid.  414 

of  adrenals,  418 
Strumitis,  414.  415 
Strychnine  poisoning,  857 
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SiibiDfection.  ref.  194 

Sul)lii!giml  gluDd.  570 

Submaxillary  gland,  675 

finbtlance  neimioilieatnee.  190 

SuffocatluQ.  lesions  of,  43 

SuggilktioD.  70 

Suuetrokc,  865 

Suppuration,  114,  120,  108.  109,  SOfi 

bacteria  of.  210 
Supmreutil  bodies  (sec  Adn-nala).  410 

CHpBuies  (see  Adrenals),  416 
Surra.  139 

Sultim.  on  vumors,  MO 
Swab  for  colletting  bacteria,  158 
Symbiosis  in  bacteria,  151 
Syncytioma  of  uterus,  085 
Synovial  membranes.  7o0 
Synovitis  (see  Artlirilis).  749 
Syphilis.  256 

of  adrenals,  417 


of  a 


I,  455 


of  bone,  786 

of  brain  and  cord,  831 

of  dura  mater  t^'rebralis,  765 

of  Fallopian  tube.  702 

of  besrt.  441 


of 


558 


of  kidneys. 

of  larynx,  47u 

of  liver.  601 

of  lung,  610 

of  lyinpli-Dodes.  308 

of  lympb- vessels,  466 

of  mamma,  706 

of  moutb,  534 

of  muscle,  760 

of  nervous  system,  881 

of  nose,  468 

of  ovaries,  691 

of  pancreas.  581 

of  penis,  714 

of  peritoneum.  731 

of  pia  mattT  ceivbralis,  1 

of  placenta,  687 

of  rectum,  663 

of  spinal  cord,  883 

of  siilcen.  408 

of  stomacb,  588 

of  W'Sllcle.  730 

of  thymus.  412 

of  thyroid,  414 

of  urethra,  058 


ofu 


1,  673 


of  vagina.  668 

of  veins,  463 
of  vulva.  660 

Syringomyelia.  834 
false,  704 

Tahes  dokbai.ib,  813 
Tienia  cucumerina,  137 
echinococcus.  185 
11  a  vo.  punctata,  137 
meillocannellata.  135 


1,  187 


sagint 


1,  185 


Tapeworms,  184 

Tartar  emetic  poisouing.  355 

Tattoo  marks,  examioation,  post-mc 

of,  8 
Tuk!.  on  intestinal  bacteria.  560 
Tard  a'ld  Lanz.  on  peritonitis,  570 


verticulum.  546 
Teratoma,  805 
ot  liver,  608 
of  mediastinum,  t 
of  ovaries,  690 
of  pineal  gland,  t 


ulus  of  Meckel's  di- 


of 


715 


of  testicle.  722 
Terminal  infection,  160 

Testicles,  715 

abscess  of.  717 
atrophy  of,  717 
cryptorchismuB.  716 
cysts  ot,  717,  723 
epididymitis.  718 
bfeniatocele.  717 
hydrocele,  716 

inSammation  of  (see  Orchitis).  717 
malformations  of.  716 
malpositions  of,  710 
parasdtes  in.  732 
sperniatocele,  717 
sypliillB  of,  720 
tuberculosis  of,  710 
tumors  of,  720 
varicocele.  716 
Tetanus,  308 

antitoxin,  176,  264 
diagnosis  of,  304 
group  of  bacilli,  364 
toxin.  263 
Texas  fever,  litcmatozoon  of.  183 
Tliaeker.  on  melanuria,  816 
'Diayer,  ou  malarial  nephritic.  62!) 
Thayer  and  Htirelmin.  on  malaria.  386 
Tliionin  as  stain.  60 

Thoma,  OD  arterioeclerusig,  454:    ou   cell 
division,  rapidity  of,   08:   on  hypertro- 
pliy.   616;    on     inBammation.    126:    on 
malformations  of  brain.  783 
T'diaas  and  Hibbarrl,  on  lesions  of  myocar- 
dium in  diphtheria.  200 
Thoracic  duct,  examination,  post-mortem, 
ot.  88 
duct,  obstruction  of.  565 
Tliorax,examinatioD,  post-mortem,  of.  19, 

21.  40 
T!iord.   ou  intestinal   lesions,   568;  on  le- 
sions of  lesopliagus,  688:  on  lesions  of 
salivary  glands,  resume.  670:  on  regen- 
eration in   kidney   epithelium.  617;   on 
stomach  carcliioma.  645 
TkmtMhe  and  Vunninghim,  on  hyperne- 
phroma of  kidney.  644 
Tlireadvforms.  188 
Thrombosis.  72 

ill  pyaemia  and  septiceemia.  204 

of  adrenals,  417 

of  coronary  arteries,  486 
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TroDiliosis  of  dunk  niatcr 
i)f  licart.  432 
of  kidoevs.  617 
of  portal  vein.  586 
of  spinal  cord,  794 


of  V. 


1,  406 


Thrombus,  72 

uggliilinativo.  75 
globular,  of  beart.  433 
heart,  fon:  -    '  ""    "" 


lyiilin 


,  75 


mixtd.  73 

occluding.  73 

of  litiirt.  4.^3 

of  ill-art  valves.  442 

orgnni^eation  of,  74.  131 

parii'tal.  72 

red.  78 

SF|>11r.  73 

sufti'iiing  of,  78 

Willie.  78 
Thrush.  mS 
Thymus.  412 

accessory,  413 

atruphy  of,  413 

luemorrliage  of.  413 

hypcrpla^  of,  891,  413 

hyjHti'trophy  of,  413 

iuflammation  of,  413 

■nalfonDatkins  of,  412 

new-hnrn,  size  and  wdglit  of.  41 

persistent,  and  sudden  dcatb.  ri'f.  412 

sypliiKs  of,  413 

tuberculosis  of.  412 

tuniors  of.  413 
Thyn-oiytic  wruni,  18S 
Thyroid.  413 

luxesimiY,  418 

atrophy  of.  861,  413 

cysts,  ilermoid.  of.  415 

degenerations  of.  418 

exntnlnation.  post-mortem,  of.  2A 

hy)H!Ta-mia  of.  414 

iiyperplasta  of,  4U 

hitlammation  of.  414 

malformations  of,  418 

parasites  of.  416 

pn'servHtion  of.  26 

relation  of.  to  myxii'denia.  361 

removHl  of,  H61 

liinioraof.  415 

weight  of,  26.  41 
Tic  douloureux.  (180 
Tid!/.  post-mortem  cliaiigen.  7 
Tilger.  on  cvsts  of  |>a)icreas.  583 
Tissues,  classlHcatlon  of.  »08 

fresli,  mctliiHi  of  study  of.  50 

pn'parallon.  mclhod  of,  fill 
Toluiilln  as  stain.  GO 
Tongue.  ft34 

cysts  of.  52.1 

hypertrophy  of,  525 

iiitltimmalion  of.  .135 

muirorniatlnns  of.  524 

tumors  of.  525 
Tonsil,  cfilculj  of,  538 
56 


Tonsil,  lesions  of.  628 

tumors  of,  529 
TonslllUis,  538 
Toxreiiiia,  164,  201 

effect  of,  on  nerves,  804 
Toxalbumins,  14».  164 
Toxatbumosea.  164 
Toxic  action,  nature  of,  in  cell,  178 
To.xins,  action  of,  on  neurones,  »04 

action  of.  In  cells.  178 

bacterial.  149,  164 

of  diplitlieria.  362 

of  streptococcus,  308 


esis. 
Trachea,  amyloid  masses  in.  470 

death  fnim  pressure  on,  481 

lesions  of,  468 

mai  formations  of,  408 

obstruction  of,  470 

tumors  of,  470 
Transudnles,  nature  of.  72 
Trunsitdation,  71 
Treniatiidn,  183 
Treiiiiitki.  on  tabes.  818 
Trichina  spimlis,  188,  400,  761 
THc'liocepbalus  dispiir,  139 
Trichomonas,  180.  666 
Triehopliyton  tonsurans.  160 
Trypanosoma,  129 
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cvsts  of.  661 

on  method  of  brain  ilissectioD,  \^:   on 

elephantiasis  of,  680 

sunstroke.  86.1 

gangrene  of.  660 

V«ii  Gieton*  picvo-acid  fuchsiu  slain,  59 

htemorrhage  of.  6-'i9 

Varices,  lEsophageal.  630 

hypenemia  of.  6r)9 

Varicocele.  716 

Variola,  273 

malformations  of.  6.'i0 

Imeteria  in.  375 

nmcous  patch  of.  660 
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